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Abstract

Background—Antisocial personality disorder (ASPD) and borderline personality disorder
(BPD) share genetic and environmental risk factors. Little is known about the temporal stability of
these etiological factors in adulthood.

Method—DSM-1V criteria for ASPD and BPD were assessed using structured interviews in 2282
Norwegian twins in early adulthood and again approximately 10 years later. Longitudinal
biometric models were used to analyze the number of endorsed criteria.

Results—The mean criterion count for ASPD and BPD decreased 40% and 28%, respectively,
from early to middle adulthood. Rank-order stability was 0.58 for ASPD and 0.45 for BPD. The
best-fitting longitudinal twin model included only genetic and individual-specific environmental
factors. Genetic effects, both those shared by ASPD and BPD, and those specific to each disorder
remained completely stable. The unique environmental effects, however, changed substantially,
with a correlation across time of 0.19 for the shared effects, and 0.39 and 0.15, respectively, for
those specific to ASPD and BPD. Genetic effects accounted for 71% and 72% of the stability over
time for ASPD and BPD, respectively. The genetic and environmental correlations between ASPD
and BPD were 0.73, and 0.43, respectively, at both time points.
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Conclusion—ASPD and BPD traits were moderately stable from early to middle adulthood,
mostly due to genetic risk factors which did not change over the 10-year assessment period.
Environmental risk factors were mostly transient, and appear to be the main source of phenotypic
change. Genetic liability factors were, to a large extent, shared by ASPD and BPD.
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Antisocial personality disorder; borderline personality disorder; genetics; longitudinal studies

Introduction

Borderline personality disorder (BPD) and antisocial personality disorder (ASPD) frequently
co-occur in both clinical (e.g. Becker et al. 2000) and population-based (Eaton et al. 2011;
Trull et al. 2013) studies. The disorders have been found to co-aggregate in families (White
et al. 2003; Hudson et al. 2014), and results from cross-sectional twin studies suggest that
this is largely due to common genetic risk factors (Kendler et al. 2008; Torgersen et al.
2008).

Longitudinal studies indicate that mean levels of BPD and ASPD traits decrease moderately
over time from late adolescence throughout adulthood, while rank-order stability is
generally relatively high (Johnson et al. 2000; Nestadt et al. 2010; Hopwood et al. 2013;
Morey & Hopwood, 2013).

Prior longitudinal twin studies from adolescence to adulthood of both antisocial behavior
and ASPD traits (Lyons et al. 1995; Jacobson et al. 2002; Burt et al. 2007; Silberg et al.
2007) and BPD traits (Bornovalova et al. 2009, 2013a) indicate that the contribution of
genetic factors increases over time as new genetic effects are expressed, and the influence of
shared environment decrease correspondingly often approaching zero in early adulthood.
We are, however, not aware of any studies exploring the stability of genetic and
environmental influences on BPD and ASPD during adulthood. It also remains unclear to
what extent genetic and environmental factors contribute to the longitudinal co-occurrence
of these disorders.

In this study we sought to fill these gaps in the literature using data from the Norwegian
Institute of Public Health Twin Panel, which includes a population-based sample of young
adult twins assessed by interview for DSM-1V personality disorders (PDs) in early
adulthood and again approximately 10 years later. Our aims were to estimate the stability of
ASPD and BPD traits and their co-occurrence across time and use multivariate biometric
models to determine the stability of genetic and environmental influences on BPD and
ASPD traits and their association. We specifically explored the extent to which stability and
change could be attributed to genetic and/or environmental risk factors shared in common by
the two disorders v. factors specific to the individual PDs.
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Method

Participants

Procedures

Data for the present analyses come from a population-based study of psychiatric disorders in
Norwegian twins recruited from the Norwegian Institute of Public Health Twin Panel
(Harris et al. 2006). Between 1999 and 2004, DSM-1V Axis | and Axis Il psychiatric
disorders were assessed at interview in 2801 twins (44% of those eligible) born between
1967 and 1979 (wave 1). Zygosity was determined by a combination of questionnaire items
and genotyping. The misclassification rate was estimated to be <1.0%, too low to
substantially bias results. Several papers describing details of the sample and the measures
used in this report have been published (e.g. Kendler et al. 2008; Torgersen et al. 2008).
Between 2010 and 2011 a second wave of interviews using the same instruments were
conducted. To maximize participation rate, interviews in wave 2 included only a subset of
the disorders assessed at wave 1, and were conducted by telephone. After two written
reminders and a final telephone contact to non-responders, 2284 twins were interviewed in
wave 2 (82.8% of those eligible).

In wave 1, 2793 twins had valid data for PDs, and in wave 2, 2282. The number of complete
and incomplete pairs being analyzed by zygosity group is given in Supplementary Table S1.

The participation rate was 86% in monozygotic (MZ) females, 80% in MZ males and 79%
in all dizygotic (DZ) groups. Participation in wave 2 was predicted by high education (p <
0.001 adjusted for sex and age), female sex (p = 0.003) and monozygosity (p = 0.001). Non-
participants in wave 2 had on average 0.82 more sub-threshold PD criteria than participants
(p < 0.001). Of the 10 PDs assessed at wave 1, criteria were significantly higher in non-
participants in wave 2 only for ASPD (0.09 criteria difference, p < 0.001) and narcissistic
PD (0.09 p=0.002). BPD did not predict participation (0.05 criteria difference, p = 0.06).
Neither the total number of Axis | disorders nor any specific disorder were significantly
higher in the non-participation group.

A Norwegian version of the comprehensive Structured Interview for DSM-IV Personality
(SIDP-1V; Pfohl et al. 1995) was used to assess PDs in both waves. The specific DSM-IV
criteria were rated using the following scoring guidelines: 0 = “not present’; 1 = ‘sub-
threshold’; 2 = *present’; and 3 = ‘strongly present’. Behaviors, cognitions, and feelings that
predominated for most of the past 5 years were considered to be representative of an
individual’s long-term personality. At wave 1, all 10 DSM-1V PDs were assessed, whereas
at wave 2 only paranoid, schizotypal, antisocial, borderline, avoidant and obsessive
compulsive were included.

Interviewers were mainly senior clinical psychology graduate students and experienced
psychiatric nurses. The interviews in wave 1 were largely conducted face-to-face. In wave 2,
all interviews were conducted by telephone. Each twin in a pair was interviewed by a
different interviewer.
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Inter-rater reliability at wave 1 was assessed based on two raters’ scoring of 70 audiotaped
interviews. Intraclass correlations for the count of endorsed BPD criteria at the sub-threshold
(=1) and threshold (=2) level were 0.93 and 0.92, respectively. The polychoric correlation
was 0.94. For ASPD the corresponding intraclass correlations at wave 1 were 0.91 and 0.68,
respectively, and the polychoric correlation was 0.94. At wave 2, inter-rater reliability was
assessed similarly by two interviewers rescoring 95 audio-recorded interviews. Intraclass
and polychoric correlations for the number of endorsed criteria at sub-threshold level were
0.63 and 0.84 for ASPD and 0.85 and 0.83 for BPD.

Approval was received from The Norwegian Data Inspectorate and the Regional Ethical
Committee, and written informed consent was obtained from all participants after complete
description of the study.

Statistical analyses

Two approaches are most commonly applied in analyses of PD stability (Morey &
Hopwood, 2013). Absolute stability refers to the average changes of traits. We used the
mean number of criteria endorsed for ASPD and BPD at time 1 and time 2. Differential or
rank-order stability refers to consistency in the rank ordering of individuals on a given trait
over time and was calculated using polychoric correlations between the number of criteria
endorsed for each PD at the two time points.

Too few individuals endorsed sufficient criteria exceeding the diagnostic thresholds to
permit biometric analyses to be based on fully syndromal PD measures. Using multiple
threshold tests, we have previously shown that the 0-3 coding of the ASPD and BPD criteria
represents different degrees of severity on a single continuous liability dimension, and that
number of criteria endorsed also reflects severity on a single continuum (Kendler et al.
2008; Torgersen et al. 2008). The phenotypes under study here were therefore not ASPD
and BPD at the diagnostic level. Instead we counted the number of criteria for each PD
scored at either the threshold or sub-threshold level (=1), resulting in a possible value
between 0 and 9 for BPD, and between 0 and 8 for ASPD. However, there were two
practical problems in basing the twin analysis on this criteria count. First, statistical
inference in SEM analyses is based on the assumption that the variables studied are
approximately normally distributed, while the PD criteria counts were highly skewed.
Second, optimization in SEM analyses of ordinal variables is known to break down when
there are many empty cells in the twin contingency tables. For these reasons, the four count
variables (ASPD and BPD at waves 1 and 2) were thresholded so that the final ordinal
variable included in the twin analysis only had three levels (criteria counts of 0, 1, > 2).

In the classical twin model, individual differences in liability are assumed to arise from three
latent sources: additive genetic (A), i.e. genetic effects that combine additively, common or
shared environment (C) that includes all environmental exposures that contribute to twin
similarity, and individual-specific or unique environment (E) which includes all
environmental factors that contribute to differences between the twins plus measurement
error. Because MZ twins share all their genes and DZ twins share on average 50% of their
segregating genes, A contributes twice as much to the resemblance in MZ compared to DZ
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Results

twins for a particular trait or disorder. Both MZ and DZ twins are assumed to share all their
C factors and none of their E factors.

In the present study we fitted longitudinal models that specified one common latent liability
factor at each time point influencing both PDs (see Fig. 1). Each latent factor (L1 and L2)
was influenced by genetic and environmental factors (Ac, Cc, Ec). The latent factors
influenced ASPD and BPD through the pathways A and p. Due to restrictions caused by the
limited degrees of freedom, we had to restrict A and p to be invariant across time. The model
also specified specific genetic and environmental effects for each PD at each time point, thus
decomposing the genetic and environmental influences on the phenotypes into those
common and specific to ASPD and BPD at each time point. The stability of the genetic and
environmental factors across time was estimated as correlations separately for the common
(rac, ce» rec) and specific factors (rs, s, Fes). Given the size of our sample, we had
insufficient statistical power to detect sex-specific differences in genetic or environmental
effects. Our models were therefore run specifying equal parameters, but separate thresholds,
for males and females. Previous twin studies, both in our sample and a number of others,
have failed to find either quantitative or qualitative gender differences in genetic and
environmental influences on ASPD (Rhee & Waldman, 2002) or BPD (Distel et al. 2008;
Torgersen et al. 2008).

Alternative, more parsimonious sub-models were compared to the full model using the
difference in twice the log likelihood (2InL), which, under certain regularity conditions, is
asymptomatically distributed as x2 with degrees of freedom (df) equal to the difference in
number of parameters. According to the principle of parsimony, models with fewer
parameters are preferable if they do not result in a significant deterioration of fit. A
commonly used index of parsimony is Akaike’s Information Criterion (AlIC), calculated as
=2InL - 2 df (Akaike, 1987). Lower AIC values indicate superior fit.

Model fitting was performed using the raw data option in the software package Mx (Neale et
al. 2003) which allows for full information maximum likelihood (FILM) estimation of
parameters using incomplete data, such as the unmatched *singleton’ twins in our sample.

The mean age of the participants was 28.2 (range 19— 36) years at wave 1, and 37.9 (range
30-44) years at wave 2. On average, 9.6 (s.0. = 1.39) years had elapsed between the
interviews.

Table 1 shows the mean number of criteria endorsed (>1) at waves 1 and 2. The mean (s.o.)
score for the twins who had complete information from both waves fell from 0.42 (0.92) to
0.25 (0.67) for ASPD, and from 0.99 (1.45) to 0.71 (1.28) for BPD. The difference,
reflecting the absolute stability of the traits, indicated that the magnitude of the decline in
mean criteria over 10 years was 40% for ASPD and 28% for BPD. Men endorsed more
criteria than females on both occasions for ASPD, and the decline was 43% for males and
36% for females. Women endorsed more criteria on both occasions for BPD, but the mean
number of endorsed criteria fell slightly more for men (29%) than for women (27%). The
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corresponding figures for the whole sample (including those with data from only one wave)
were similar.

The number of cases meeting full criteria for BPD was 11 and seven at waves 1 and 2,
respectively. The corresponding numbers for ASPD were nine and three. Supplementary
Table S3 shows the frequencies of the three ordinal levels used in the model-fitting analyses.

The rank-order stability of the two PDs, measured as polychoric correlations between the
sum of endorsed criteria at waves 1 and 2, was 0.58 [95% confidence interval (Cl) 0.53—
0.63] for ASPD and 0.45 (95% CI 0.40-0.49) for BPD. The correlations were almost
identical for males and females for both PDs (Table 2).

The phenotypic polychoric correlation between the sum of endorsed criteria for ASPD and
BPD was, 0.52 (95% CI 0.48-0.56) at wave 1 and 0.50 (95% CI 0.45-0.55) and wave 2,
indicating that despite the absolute reduction in the mean number of criteria endorsed for
both PDs, the correlation between ASPD and BPD was quite stable over time (Table 2).

The MZ and DZ within-pair correlations are given in Supplementary Table S2. All the MZ
correlations were higher than the DZ correlations suggesting genetic influence. The
difference between MZ and DZ correlations for BPD in wave 2 indicates a possible effect of
C.

Model fitting

We first fitted a full longitudinal model as depicted in Fig. 1, including both specific and
common A, C and E parameters (model 1, Table 3). The parameter estimates with 95% Cls
for this model are given in Supplementary Fig. S1. The common A, effects on the latent
variable were significant at both waves, whereas the common C effect was significant only
in wave 2. None of the specific C effects were significantly different from zero. All E
parameters were significant. The magnitude of the total C effect (common + specific) at
waves 1 and 2 was 0.05 and 0.14 for ASPD and 0.06 and 0.18 for BPD.

In model 2 and model 3 we set to zero all C and all A paths, respectively. The AE model
(model 2) fit the data markedly better than the CE model (model 3) as evidenced by a
substantially larger reduction in AIC, and was therefore used as the basis for the subsequent
model fitting. We first tested alternative models for the common and specific genetic effects.
In model 4 we constrained the correlation between the genetic factors influencing the
common latent factors L1 and L2 at the two time points to unity (rac = 1), thus testing if the
genetic factors influencing the common latent liability at both wave 1 and wave 2 correlated
perfectly. As can be seen in Table 3, this resulted in an improvement in AIC indicating a
better fit. Next (model 5) we specified that the specific genetic effects influencing ASPD at
the two time points also correlated unity (raaspp = 1). The model fit improved further. In
model 6 we did the same with the correlation between the specific genetic factors for BPD
(ragpp = 1), again resulting in a slightly better fit according to the AIC values. Further
improvement in fit was seen in model 7 when the path coefficients for the common genetic
effects (Acy and Acy) were constrained to be equal at the two time points, and in models 8
and 9 where the specific genetic effects for ASPD and BPD, respectively, were set to be
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equal across time. In model 10 we tried to further simplify the model by constraining to zero
the correlation between environmental factors influencing the common latent factors (rec =
0), which implies that the environmental effects common to both ASPD and BPD are
completely distinct at the two time points. This resulted in a deterioration of fit. Model 9
was therefore selected as the best-fitting model. Fig. 2 depicts this model with parameter
estimates and 95% Cls.

The genetic influences on ASPD and BPD were identical approximately 10 years apart
during early and middle adulthood. Heritability estimates were 0.39 for ASPD and 0.30 for
BPD at both time points. Of the genetic influences on ASPD, 89.7% came from the common
latent factor shared with BPD, whereas the corresponding figure for BPD was 60%. The
heritability of the latent common liability factor was 0.46.

The correlation between the unique environmental influences shared by ASPD and BPD at
the two time points was only 0.19, indicating that environmental factors influencing both
ASPD and BPD change considerably over time in early to middle adulthood. The
correlations between environmental factors specific to each PD were 0.39 for ASPD and
0.15 for BPD. The correlation between the total environmental effects (common + specific)
at time 1 and time 2 was 0.26 for ASPD, and 0.16 for BPD indicating that different
environmental factors increase the risk for ASPD and BPD in early and middle adulthood At
both time points, 66.5% of the environmental influence on ASPD came from factors
common to both PDs, whereas BPD received only 28.9% of the total environmental
influence from environmental factors that also influence ASPD, indicating that almost three
quarters of the environmental influences on BPD were not shared with ASPD.

The rank-order stabilities of both ASPD and BPD from early to middle adulthood were
largely due to genetic factors (71% and 72%, respectively). The correlation between genetic
risk factors for ASPD and BPD was 0.73 at time 1 and remained stable over time. The
correlation between environmental influences on ASPD and BPD was also the same at both
time points (r = 0.43). Genetic factors and environmental factors accounted for 46% and
54% of the phenotypic correlation between ASPD and BPD at both times.

Discussion

There are very few previous studies on 10-year stability of ASPD and BPD traits in
adulthood. The rank-order stability estimates in our sample (ASPD, 0.59; BPD, 0.41) was
very similar to the 10-year rank-order stabilities previously found in a clinical sample
(ASPD, 0.60; BPD, 0.36) (Hopwood et al. 2013), and somewhat lower than in a non-clinical
sample followed over 4 years (ASPD, 0.65; BPD, 0.50) (Lenzenweger, 1999).

The main finding from the biometric analyses was that the genetic influences on both ASPD
and BPD were highly stable over a 10-year period from early to middle adulthood. The
correlations between both the common and specific genetic effects on ASPD and BPD at
time 1 and 2 did not differ significantly from unity, and the genetic path coefficients were
identical at the two time points, indicating that the genes influencing ASPD and BPD,
respectively, were identical and the magnitude of genetic effects where the same.
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These results are consistent with results from prior studies of normal personality traits
during different periods in adulthood which suggest that genetic influences are stable over
time (McGue et al. 1993; Johnson et al. 2005; Kandler et al. 2010). They do, however,
differ from findings in longitudinal studies of younger twins of both antisocial behavior and
ASPD traits (Lyons et al. 1995; Jacobson et al. 2002; Silberg et al. 2007) and BPD traits
(Bornovalova et al. 2009, 2013a), which suggest that when individuals mature from
adolescence to adulthood the contribution of genetic factors appears to increase over time as
new genetic effects appear. By contrast, the influence of C decreases correspondingly, often
reaching zero in adulthood. Taken together these findings suggest that genetic effects on
ASPD and BPD traits increase through adolescence but stabilize in early adulthood and
thereafter remain stable throughout mid-adulthood.

The temporal stability of E on ASPD and BPD was, on the other hand, low, both for the
common (0.19) and specific factors (0.34 and 0.15). E includes measurement error, which in
the classical twin model cannot be separated from true environmental effects. In our model,
however, random error of measurement is restricted to the specific environmental effects,
suggesting that the correlation of 0.19 between the common factors reflect only ‘true’
environmental effects. This suggests that the environmental experiences that influence
ASPD and BPD in early adulthood is largely unrelated to those that influence the PDs in
middle adulthood.

We cannot tell from this study which environmental experiences are involved. A number of
previous studies have found associations between childhood adversities and both ASPD and
BPD (Johnson et al. 1999; Zanarini, 2000; Beauchaine et al. 2009; Afifi et al. 2011).
Although it is not clear if these associations represent a causal relationship (Ball & Links,
2009; Bornovalova et al. 2013b), it is possible that such childhood experiences have a
lasting impact (Ehlert, 2013), and thus reflect the stable proportion of the environmental
influences identified in our study. Studies of life events in early and middle adulthood
associated with ASPD and BPD are rare (Distel et al. 2011; McGowan et al. 2012), but
indicate that these represent more transient effects and thus at least partly explain the low
environmental correlations.

The heritabilities of ASPD and BPD were modest at both time points. This is in accordance
with findings from previous twin studies in adults using models in which the effects of
measurement error cannot be separated from non-shared environment which results in an
inflation of E and a corresponding deflation of A (Distel et al. 2008; Torgersen et al. 2008).
Models in which heritabilities of latent liabilities are corrected for measurement error
indicate higher genetic influence (Distel et al. 2010; Kendler et al. 2011b; Reichborn-
Kjennerud et al. 2013).

Our best-fitting model did not include C effects. Biometric studies of BPD in adult samples
have failed to find significant influence of C (Torgersen et al. 2000, 2008; Distel et al. 2008,
2009; Kendler et al. 2011b). Few twin studies on adult ASPD as defined by DSM have been
published (Paris et al. 2013), and none have found significant C effects. The statistical
power to detect C effects in our sample was, however, low (Neale et al. 1994; Sullivan &
Eaves, 2002), and we cannot with confidence rule it out. In addition, non-additive genetic
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effects such as dominance and epistasis may have attenuated any effects of the shared
environment.

The rank-order temporal stability of both ASPD and BPD traits in early adulthood appears
largely due to genetic factors whereas change is determined mostly by environmental
factors. This is consistent with results from previous studies of antisocial traits (Lyons et al.
1995; Jacobson et al. 2002; Burt et al. 2007) and BPD traits (Bornovalova et al. 2009,
2013a).

The genetic correlation between ASPD and BPD was high (0.73) and remained stable over
10 years. Within the framework of internalizing and externalizing spectra conceptualization
of adult psychopathology, postulating a common liability accounting for the co-occurrence
of externalizing disorders (Krueger et al. 2007), our results are consistent with factor
analytic studies suggesting that BPD, unlike most mental disorders, loads on both
externalizing and internalizing factors (Eaton et al. 2011; Roysamb et al. 2011; Hudson et
al. 2014), and results from a recent family study of BPD which suggest that familial factors
can to a large extent account for the pattern of co-morbidity seen between BPD and
internalizing and externalizing disorders (Hudson et al. 2014). Previous findings from our
sample, including a large twin study with 22 Axis | and Axis Il disorders, indicate that these
familial factors are genetic in nature (Kendler et al. 2008, 2011a). Other twin studies also
suggest that familial resemblance for externalizing liability is mainly genetic (Krueger et al.
2002; Kendler et al. 2003; Hicks et al. 2004). Further evidence supporting a relationship
between BPD and the externalizing spectrum is the finding of shared genetic risk factors for
substance use disorders and BPD both in adolescence (Bornovalova et al. 2013b) and in
adulthood (Distel et al. 2012).

The correlation between environmental factors influencing ASPD and BPD was moderate
and remained stable over time. This finding is in accordance with previous studies, which
indicate that a number of childhood adversities are general risk factors for both ASPD and
BPD as well as for other PDs (Johnson et al. 1999; Zanarini, 2000; Cohen, 2008;
Beauchaine et al. 2009; Afifi et al. 2011; Paris et al. 2013).

Strengths and limitations

To our knowledge, this is the first population-based longitudinal study of personality
disorders based on structured interviews where all DSM criteria were assessed for two non-
overlapping periods. Although the time between the interviews was approximately 10 years,
the attrition was low with a participation rate of 82.8%.

The following limitations must be taken into consideration in the interpretation of the
results. This is a population-based study where few of the participants endorsed a sufficient
number of criteria to fulfill categorical diagnoses. To obtain sufficient statistical power to
conduct the biometric analyses, we therefore used dimensional measures of the PDs based
on number of criteria endorsed at the sub-threshold level or above. We have previously
shown that this criterion count indexes the same underlying liability that underlies the fully
syndromal diagnoses (Kendler et al. 2008). It is, however, important to note that much of the
variance in the data used in these analyses comes from symptoms in individuals who do not
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meet criteria for a clinical diagnosis. But because our multiple threshold tests indicate that
different symptom levels fit on a single continuum, we would expect no qualitative effect
differences as mean symptom levels decline. The most probable impact of the low
prevalence rates and strongly skewed distribution on the biometric analyses is merely to
inflate the Cls.

If the subthreshold criteria are more unreliable than threshold criteria (e.g. due to less
temporal stability) this would inflate E estimates at the expense of both A and C. However,
we can see no reason why this should selectively bias the relative magnitude of A and C, or
mask a true C effect.

Substantial attrition was observed in this sample from the medical birth registry through two
questionnaire waves to the first interviews. Detailed previous analyses have, however,
shown that cooperation was strongly predicted by female sex, monozygosity and higher
educational status, but not by symptoms of psychiatric disorders or substance abuse (Tambs
et al. 2009). Attrition from the first to the second wave was low, with a participation rate of
82.2%. There is evidence of somewhat less attrition in the MZF group, but this is unlikely to
have influenced the results. The number of single twins increased substantially in wave 2.
Given that both twins have to be included to contribute to the biometric analyses, this
reduces the statistical power, but is not likely to influence the parameter estimates.

An important limitation is the modest statistical power given our sample size. In particular,
our power to detect sex-specific differences in genetic and environmental effects was not
sufficient (Sullivan & Eaves, 2002). Although previous twin studies have failed to find
either quantitative or qualitative gender differences for antisocial behavior, ASPD or BPD in
adulthood (Rhee & Waldman, 2002; Distel et al. 2008; Torgersen et al. 2008), they may
exist. Furthermore, our lack of power was also evident in the relatively small differences in
AIC value between the best-fitting models, limiting our ability to confidently select the best
fitting one.

Our best-fitting model included only genetic and unique environmental effects. Due to the
moderate size of our sample and confounding with non-additive genetic effects, we cannot
rule out shared environmental effects. However, to our knowledge, previous twin studies of
ASPD and BPD in adulthood have not found evidence of shared environmental influences
(Torgersen et al. 2000; Distel et al. 2008; Kendler et al. 2008; Bornovalova et al. 2009).

These analyses were limited to the period from early to middle adulthood and can therefore
not be generalized to later periods in life. We are not aware of any longitudinal twin studies
of ASPD and BPD after middle adulthood, but a study of normal personality in late
adulthood found that the genetic influences from 60 to 65 years of age were identical
(Johnson et al. 2005).

Conclusion

In a population-based sample of twins, ASPD and BPD traits were moderately stable over a
10-year period from early to middle adulthood. This was largely due to genetic factors
which remained highly stable with a genetic correlation over time that did not significantly
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differ from unity for both disorders. Environmental risk factors were mostly transient, and
appear to be the main source of phenotypic change. Genetic liability factors were to a large
extent shared by ASPD and BPD at both time points.
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Longitudinal structural equation path model for antisocial and borderline personality
disorder traits at two waves. ASPD, Antisocial personality disorder; BPD, borderline
personality disorder; A, additive genetic effects; C, shared environmental effects; E,
individual environmental effects; subscript ¢ = common; subscript s = specific; L1, latent
factor time 1; L2, latent factor time 2; A, factor loading ASPD; y, factor loading BPD; W1,
wave 1; W2, wave 2; subscript 1, time 1; subscript 2, time 2; r, additive genetic correlation;
r., shared environmental correlation; r,, individual environment correlation. Latent additive
genetic (A), shared environmental (C) and individual environmental (E) factors have
variances fixed at unity (not shown). The latent phenotype factors have no residual variance,
but are constrained to have unit variance.
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Best fit longitudinal model with parameter estimates and 95% confidence intervals. ASPD,
Antisocial personality disorder; BPD, borderline personality disorder; A, additive genetic
effects; E, individual environmental effects; subscript ¢ = common; subscript s = specific;
L1, latent factor time 1; L2, latent factor time 2; W1, wave 1; W2, wave 2; subscript 1, time

1; subscript 2, time 2.
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Table 1

Mean number of criteria scored at wave 1 and wave 22

ASPDwavel ASPDwave2 BPDwavel BPD wave2
Men (n=1800) (n=2800) (n=799) (n=799)
Mean (s.0.) 0.68 (1.15) 0.39 (0.83) 0.83 (1.25) 0.59 (1.06)
Women (n=1470) (n=1470) (n=1470) (n=1470)
Mean (s.0.) 0.28 (0.73) 0.18 (0.55) 1.07 (1.55) 0.78 (1.3)
All (n=2270) (n=2270) (n=2269) (n=2269)
Mean (s.0.) 0.42 (0.92) 0.25 (0.67) 0.99 (1.45) 0.71 (1.28)

a
S 1

ASPD, Antisocial personality disorder traits.

BPD, Borderline personality disorder traits.

s.D., Standard deviation.
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Table 2

Page 18

Polychoric correlations between sum of criteria scored for ASPD and BPD at wave 1 and wave 2, (a) men
below diagonal, women above, (b) total sample?

ASPD W1

BPD W1

ASPD W2

BPD W2

@

ASPD W1
BPD W1
ASPD W2
BPD W2
(b)

ASPD W1
BPD W1
ASPD W2
BPD W2

0.58 (0.52-0.63)
051 (0.43-0.59)
0.26 (0.17-0.36)

0.52 (0.48-0.56)
0.58 (0.53-0.63)
0.28 (0.22-0.34)

0.56 (0.51-0.61)

0.32 (0.23-0.41)
0.41 (0.33-0.49)

0.34 (0.28-0.40)
0.45 (0.40-0.49)

0.59 (0.51-0.66)
0.40 (0.33-0.48)

0.53 (0.45-0.60)

0.50 (0.45-0.55)

0.35 (0.27-0.42)
0.46 (0.41-0.51)
0.54 (0.47-0.60)

&1

ASPD, Antisocial personality disorder traits.

BPD, Borderline personality disorder traits.

W1, Wave 1; W2, wave 2.
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Table 3
Model fitting results
AP AdEp AlC

1. Baseline model - - -

2.Dropall C 3.16 9 0.958 -14.84
3. Drop all A 1485 9 0.100 -3.15
4. Setry to 1.0 3.86 10 0.953 -16.14
5. Set raaspp 10 1.0 386 11 0974 -1813
6. Set gpp t0 1.0 393 12 0985 -20.07
7. Set common genetic effects equal across time 3.94 13 0.992 -22.05
8. Set specific genetic effects for ASPD equal across time  4.17 14 0.994 -23.83
9. Set specific genetic effects for BPD equal across time? 591 15 0981 -24.09
10. Setrec=0 9.46 16 0.893 -22.54

aBest fit model.
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A, Additive genetic effects; C, shared environmental effects; AIC, Akaike’s Information Criterion; ASPD, antisocial personality disorder; BPD,

borderline personality disorder; rg, genetic correlation; reg, environmental correlation, subscript c=common,
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