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ORIGINAL ARTICLE

Genetic and environmental determinants of violence risk in
psychotic disorders: a multivariate quantitative genetic study
of 1.8 million Swedish twins and siblings

A Sariaslan’, H Larsson? and S Fazel

Patients diagnosed with psychotic disorders (for example, schizophrenia and bipolar disorder) have elevated risks of committing
violent acts, particularly if they are comorbid with substance misuse. Despite recent insights from quantitative and molecular
genetic studies demonstrating considerable pleiotropy in the genetic architecture of these phenotypes, there is currently a lack of
large-scale studies that have specifically examined the aetiological links between psychotic disorders and violence. Using a sample
of all Swedish individuals born between 1958 and 1989 (n=3 332 101), we identified a total of 923 259 twin-sibling pairs. Patients
were identified using the National Patient Register using validated algorithms based on International Classification of Diseases (ICD)
8-10. Univariate quantitative genetic models revealed that all phenotypes (schizophrenia, bipolar disorder, substance misuse, and
violent crime) were highly heritable (h* = 53-71%). Multivariate models further revealed that schizophrenia was a stronger predictor
of violence (r=0.32; 95% confidence interval: 0.30-0.33) than bipolar disorder (r=0.23; 0.21-0.25), and large proportions
(51-67%) of these phenotypic correlations were explained by genetic factors shared between each disorder, substance misuse, and
violence. Importantly, we found that genetic influences that were unrelated to substance misuse explained approximately a fifth
(21%; 20-22%) of the correlation with violent criminality in bipolar disorder but none of the same correlation in schizophrenia

(Poipolar disorder < 0.001; Pschizophrenia = 0.55). These findings highlight the problems of not disentangling common and unique
sources of covariance across genetically similar phenotypes as the latter sources may include aetiologically important clues.
Clinically, these findings underline the importance of assessing risk of different phenotypes together and integrating interventions

for psychiatric disorders, substance misuse, and violence.
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INTRODUCTION

Systematic reviews have found that individuals who are diag-
nosed with psychotic disorders (for example, schizophrenia and
bipolar disorder) have an increased likelihood of committing
violent acts when compared with general population controls.'?
Nationwide registry studies have further observed that such
associations persist even when patients are compared with their
unaffected siblings,>™* which suggests that the associations may
be consistent with a causal inference.® Importantly, these studies
add to a broader literature that attributes a large share of the
violence risk increase to a subgroup of patients who have or are
currently engaging in substance misuse.®” Such comorbidity
contributes to poor impulse control and non-adherence to either
psychological or pharmacological treatments, which have been
identified as important risk factors for violence in patients
suffering from psychotic disorders.®'® Nevertheless, it currently
remains largely unclear what aetiological factors (for example,
genes and environments) link psychotic disorders, with and
without comorbid substance misuse, to acts of violence.

Twin and family studies have consistently demonstrated that
psychotic disorders, substance misuse and violent crime
aggregate in families, in large part due to genetic influences.”’ '3
The genetic architecture of psychotic disorders is characterized by
considerable pleiotropy, as evidenced by large-scale quantitative

genetic studies, suggesting that approximately half of the genetic
influences increasing the liabilities of developing schizophrenia
and bipolar disorder may be shared.'’ These findings were recently
replicated with molecular genetic data, where the genetic
correlation between schizophrenia and bipolar disorder, based
on single-nucleotide polymorphisms, was estimated to be 0.68
(95% confidence interval: 0.64-0.72)."* Further, a 2015 study of
nearly 3.5 million Swedish adults indicated that a general
genetic factor accounted for between 10 and 36% of the
phenotypic variance in six common psychiatric disorders, including
schizophrenia and bipolar disorder, as well as substance misuse
and violent crime.”> Notably, the same study extracted two
additional genetic factors that also contributed meaningfully to the
aetiologies of these phenotypes. A more detailed analysis is
therefore needed to reveal the extent to which the specific sources
of covariance between psychotic disorders and violent crime are
aetiologically distinct from substance misuse. To the best of our
knowledge, there are currently no quantitative genetic studies that
have specifically examined the aetiological overlap between
psychotic disorders and violent crime.

In the present study, we have used nationwide Swedish data for
around 1.8 million individuals born between 1958 and 1989 to
address this uncertainty. We aimed to provide estimates of the
relative contributions of genes and environments to the overlap
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between psychotic disorders and violent crime. Given the high
rates of comorbid substance misuse in these patient groups, we
additionally sought to stratify the aetiological determinants to
those that were either shared with substance misuse and those
that were unique to each disorder. The clarification of these
aetiological links is important to inform psychiatric genetic studies
and may assist in developing improved risk assessment and
management in these disorders.

MATERIALS AND METHODS

Participants

Statistics Sweden maintains all nationwide Swedish longitudinal registries
with routinely gathered governmental data. The linkage of individual-level
data between different nationwide registers is possible via a unique
10-digit civic registration number assigned to all Swedish residents at birth
or upon immigration.'® To ensure confidentiality, we were granted access
to de-identified data after approval from the Regional Research Ethics
Committee at Karolinska Institutet (2009/939-31/5). Informed consent was
therefore not required.

We used the Swedish Total Population Register to identify all individuals
born in Sweden between 1958 and 1989 and linked their data with the
Swedish Twin Registry'” and the Multi-Generation Register to identify all
monozygotic (MZ) twins, dizygotic (DZ) and non-twin full-siblings. The Cause
of Death Register provided mortality dates between 1961 and 2009.
Individuals who were born before 1961 were therefore only included if they
were registered to be alive at the end of 1960 in the national census register.
The Migration Register supplied emigration dates throughout the studied
period. We identified individuals with hospital discharges using the National
Patient Register that encompasses data on psychiatric inpatient care since
1973 (International Classification of Diseases (ICD) 8 —10) and specialist
outpatient care since 2001 (ICD 10). A complete list of the ICD-codes used to
define our measures is available in Supplementary Table 1. The National
Crime Register supplied detailed information on all criminal convictions in
lower general court in Sweden since 1973. The practice of plea-bargaining is
prohibited in Sweden and conviction data include all individuals who
received custodial or non-custodial sentences as well as those who were
transferred to forensic psychiatric hospitals. Convictions additionally include
cases where the prosecutor decided to caution or fine the individual.
The legal age of responsibility is 15 years in Sweden; hence, we were
unable to identify offenders younger than this age. We obtained data on
socio-demographic factors from the national census registers, available
every 5th year between 1970 and 1990 and annually thereafter until 2009.

The sample included all individuals born in Sweden between 1958 and
1989, who had not died or migrated before the age of 15 years
(n=3232010). We identified all MZ twins (n=12588), DZ twins
(n=27148) and non-twin full-siblings (n=2369 775) in this sample. In
families with multiple offspring, we selected the oldest two siblings born
within 5 years from one another to reduce bias because of violation of the
equal environment assumption for siblings in our analyses. The final
sample included 923 259 twin-sibling pairs (6294 MZ pairs, 13 574 DZ pairs
and 903 391 non-twin full-sibling pairs).

Measures

Individuals who had been hospitalised with any diagnosis of schizophrenia
on at least two separate occasions, irrespective of any psychiatric
comorbidity, were defined as having schizophrenia. Validation studies
examining single-episode hospital admissions for schizophrenia in the
National Patient Register have reported satisfactory validity®>'®'® but this
strict definition is commonly used in the literature to minimise the risk of
identifying false-positive cases."" We identified individuals with bipolar
disorder using a validated algorithm,®® which requires a diagnosis of
bipolar disorder on at least two separate occasions and excludes a
diagnosis of schizophrenia.

In line with other work,?"?? we defined violent crime a conviction for
homicide, assault, robbery, threats and violence against an officer, gross
violation of a person’s integrity, recurrent intimate partner violence
directed at a woman,?> unlawful threats, unlawful coercion, kidnapping,
illegal confinement, arson, intimidation or sexual offences (rape, indecent
assault, indecent exposure or child molestation, but excluding prostitution,
hiring of prostitutes or possession of child pornography). We used an
omnibus measure of substance misuse that included alcohol and
drug-related convictions (crimes against the Narcotic Drugs Act (SFS
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1968:64) and driving under the influence of alcohol and/or illicit substances)
as well as hospital admissions for either alcohol or drug-related disorders.

Family disposable income, defined as the standardized net sum of
earnings and benefits, averaged across both biological parents, at the end
of the year that the offspring had reached 15 years of age, was used as a
proxy measure for the material living standard during adolescence. If this
information was unavailable, we used data from the previous year or until
it became available. Previous studies have shown that psychiatric
disorders, substance misuse and violent criminality are all non-linearly
distributed across socioeconomic strata in Sweden, with the heaviest
concentrations being observed in the most deprived groups.?'?*** We
therefore decided to measure income as a binary variable (lowest decile vs
top nine deciles) in the analyses. Approximately 0.2% (n = 5694) individuals
lacked data on this measure and were consequently excluded in the
descriptive analyses. Single status was defined as never having been
married either at first diagnosis or at age 30 years (for control subjects).
Immigrant background was defined as having at least one biological
parent who was born outside of Sweden.

Analytical approach

First, descriptive statistics were generated to examine the differences in
socio-demographic characteristics and comorbidities across the three
psychiatric disorders. From the population sample, we identified healthy
control subjects (n=2425703) by excluding individuals who had ever
been hospitalised for any diagnosis of a psychiatric disorder.

Using the twin and sibling data, we subsequently specified a series of
univariate quantitative genetic structural equation models for each of the
four phenotypes (for example, schizophrenia, bipolar disorder, substance
misuse, and violent crime). This approach allowed us to decompose the
phenotypic variation of each phenotype into three distinct sources of
influence: (a) additive genetic influences, (b) shared environmental
influences (for example, environmental factors that make twins and
siblings phenotypically more similar to one another, such as family
socioeconomic status, parental separation and parental premature
mortality) and (c) unique environmental influences (for example, environ-
mental factors that make twins and siblings phenotypically different from
one another, such as exposure to different peer groups and experiencing
traumatic events in adulthood).?® Similar to the classical twin model, we
assumed that MZ twins shared all of their co-segregating genes, whereas
DZ twins and non-twin full-siblings shared half of their co-segregating
genes’ We further assumed that all twins and siblings shared
their childhood family environments but that they where completely
uncorrelated in regards to their unique environmental influences.”” To
accommodate the binary nature of the phenotypes under examination, we
specified the models to adopt the liability-threshold approach, which
assumes that the liability to endorse a given phenotype is approximately
normally distributed.® Sex and birth year were included in the models as
measured covariates to adjust the thresholds for such group differences.

We subsequently tested for the stability of our findings against
confounding and model misspecification. We re-fitted the models after
removing individuals with an immigrant background (n =54 341); and those
who had either died or migrated after their 15th birthday (n =220 072).

Last, we fitted two separate multivariate quantitative genetic models using
Cholesky decomposition, which enabled us to estimate the phenotypic
correlations with violent crime for each psychiatric disorder and decompose
the correlations into the relative contributions of genetic and environmental
influences that were either shared with substance misuse or specific to each
disorder.?® All of the quantitative genetic models were fitted in R/OpenMx 1.3.2°

RESULTS

In the population sample, we identified 10 265 (0.3%) and 12 627
(0.4%) individuals who met criteria for schizophrenia and bipolar
disorder, respectively, as well as 2 425 703 healthy control subjects
(Table 1). The mean age at first diagnosis was slighter lower for
schizophrenia patients (mean age: 28.1 years, s.e.m.=7.7) than for
bipolar disorder patients (mean age: 31.2 years, s.e.m.=8.9). There
were less women among schizophrenia patients (35%) than
bipolar disorder (62%). Although both patient groups were found
to have poorer social and medical functioning outcomes
throughout their life-course (for example, being raised in a
low-income family, single status at the time of first admission,
and premature mortality) as well as lifetime comorbidities (for
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Table 1.

Descriptive data for individuals diagnosed with psychotic disorders and controls in the population sample (n=3232010)

Schizophrenia (n=10265; 0.3%) Bipolar disorder (n=12627; 0.4%) Unaffected controls (n=2425703; 75.1%)

Socio-demographic factors

Age at 1st diagnosis, years (s.e.m.) 28.1 (7.7)
Female, n (%) 3600 (35.0)
Immigrant background, n (%) 397 (3.9)
Income in the lowest decile, n (%) 1651 (16.1)
Single, n (%) 7158 (91.8)
Died during follow-up, n (%) 979 (9.5)
Emigrated during follow-up, n (%) 286 (2.8)
Lifetime comorbidities
Substance misuse, n (%) 3004 (29.3)
Violent crime, n (%) 2383 (23.2)

31.2 (8.9) NA

8507 (62.2) 1094902 (45.1)
311 (2.3) 37 262 (1.5)
1745 (12.8) 226482 (9.4)

8564 (67.8) 1699422 (77.1)
484 (3.5) 30569 (1.3)
507 (3.7) 146 654 (6.1)

3652 (26.7) 77 281 (3.2)
1492 (10.9) 73879 (3.1)

Abbreviation: NA, not applicable.

Table 2.

Descriptive data for the distribution of individuals across non-twin full-siblings (n=2 369 775), DZ twins (n =27 148) and MZ twins
(n=12588) nested within the patient groups in the sample used for the quantitative genetic models

Schizophrenia (n=5549; 0.3%)

Bipolar disorder (n=7509; 0.4%)

Prevalence (95% Cl) 0.3% (0.3-0.3%)

Non-twin full-siblings DZ twins MZ twins Non-twin full-siblings DZ twins MZ twins

Socio-demographic factors

Age at 1st diagnosis, years (s.e.m.) 28.1 (7.6) 29.1 (7.6) 29.7 (8.8) 31.4 (8.6) 32.1 (9.0) 32.2 (9.3)

Female, n (%) 1906 (35.3) 40 (36.7) 13 (39.4) 4,503 (61.6) 91 (63.2) 39 (68.4)

Immigrant background, n (%) 52 (1.0) 2(1.8) 3(9.1) 18 (0.2) 1(0.7) 0

Income in the lowest decile, n (%) 741 (13.7) 17 (15.6) 6 (18.2) 766 (10.5) 24 (16.7) 4 (7.0)

Single, n (%) 3795 (91.8) 77 (90.6) 27 (90.0) 4,515 (67.0) 87 (64.4) 33 (66.0)

Died during follow-up, n (%) 476 (8.8) 8(7.3) 0 247 (3.4) 5 (3.5) 2 (3.5)

Emigrated during follow-up, n (%) 163 (3.0) 2(1.8) 0 286 (3.9) 5(3.5) 0
Lifetime comorbidities

Substance misuse, n (%) 1514 (28.0) 28 (25.7) 7 (21.2) 1,919 (26.3) 37 (25.7) 13 (22.8)

Violent crime, n (%) 1173 (21.7) 19 (17.4) 9 (27.3) 764 (10.5) 14 (9.7) 7 (12.3)
Number of patients 5407 109 33 7308 144 57

0.4% (0.3-0.5%) 0.3% (0.2-0.4%)

0.4% (0.4-0.4%) 0.5% (0.4-0.6%) 0.5% (0.3-0.6%)

Abbreviations: Cl, confidence interval; DZ, dizygotic; MZ, monozygotic. 95% Cls for the prevalence rates were calculated using the binomial exact method.

example, substance misuse and violent crime) when compared
with the controls, these were substantially higher in schizophrenia
patients than in patients diagnosed with bipolar disorder. We
observed, for instance, that nearly one in four (23%) schizophrenia
patients had ever been convicted of a violent crime, whereas the
equivalent prevalence was 11% in patients diagnosed with bipolar
disorder and 3% in controls.

The quantitative genetic models were fitted on a sample
consisting of 1846518 individuals, of which 12588 were MZ
twins, 27148 DZ twins and 1806782 non-twin full-siblings
(Table 2). There were in total 923 259 twin-sibling pairs and the
prevalence rates for schizophrenia (0.3-0.4%), bipolar disorder
(0.4-0.5%) were stable across all groups of twins and siblings.
Similarly, we found that the distribution of socio-demographic
factors and comorbidities were stable across the groups of twins
and siblings within each disorder.

Figure 1 demonstrates that the heritability (for example, the
proportion of variance in a trait that is attributed to additive
genetic factors; h? was substantial for schizophrenia (h®=71%;
95% confidence interval: 65-77%), bipolar disorder (h?=62%;
57-67%) and substance misuse (h>=53%; 51-54%). The remain-
ing variance was entirely explained by unique environmental
influences. In contrast, we found that the familial aggregation of
violent crime was explained by both additive genetic (h*=54%;

47-61%) and shared environmental influences (14%; 7-21%).
These estimates were stable across sub-samples excluding
individuals with immigrant background as well as individuals
who had either died or migrated during follow-up (Supplementary
Table 2).

The multivariate quantitative genetic models (Figure 2)
confirmed that schizophrenia patients were more likely to be
convicted of a violent crime (r=0.32; 0.30-0.33) than patients
diagnosed with bipolar disorder (r=0.23; 0.21-0.25). Large
proportions (51-67%) of the bivariate correlations between the
psychotic disorders and violent crime were explained by additive
genetic influences shared with substance misuse. In the case of
schizophrenia, we found no evidence for additive genetic
influences that were unrelated to substance misuse (for example,
disorder-specific genetic influences; P=0.55). In contrast,
however, such influences accounted for 21% (20-22%) of the
correlation between bipolar disorder and violent crime. Unique
environmental influences shared between the psychotic disorders
and substance misuse were inversely associated with violence risk,
which implies that once genetic factors were accounted for,
unique environmental factors that increased the risk of both
psychotic disorders and substance misuse tended to decrease the
risk of violent crime. Although statistically significant, these
influenced merely accounted for 3-7% of the correlations. In
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Figure 1. Univariate quantitative genetic models decomposing the

variance of schizophrenia, bipolar disorder, substance misuse, and
violent crime into additive genetic (A), shared environmental (C) and
unique environmental influences (E).
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Figure 2. Multivariate quantitative genetic models decomposing the
phenotypic correlation between psychotic disorders (schizophrenia
and bipolar disorder) and violent crime into additive genetic (A) and
unique environmental influences (E) that are shared with substance
misuse (SM) and those that are specific to each disorder.

contrast, disorder-specific unique environmental influences
were positively associated with the risk of violent crime convictions
and explained between 35 and 36% of the correlations. Complete
correlation matrices are presented in Supplementary Tables 3
and 4.

DISCUSSION

We report a population-based quantitative genetic study examin-
ing the aetiological links between psychotic disorders and violent
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crime using a sample of ~ 1.8 million Swedish individuals born
between 1958 and 1989. Consistent with previous population-
based research,'’™"* we found substantial heritability estimates for
schizophrenia, bipolar disorder, substance misuse and violent
crime (h?=53-71%). Schizophrenia was a stronger predictor of
violent crime (r=0.32) than bipolar disorder (r=0.23). Consistent
with previous quantitative and molecular genetic studies demon-
strating important pleiotropic effects between the examined
phenotypes,’®™'> we found that 67% of the correlation between
schizophrenia and violent crime, and 51% of the correlation
between bipolar disorder and violent crime was attributed to
additive genetic influences that were shared between the
psychotic disorders, substance misuse, and violent crime. This
suggests that the increased risk for violence in these patient
groups could largely be attributed to the same genetic factors that
simultaneously increased their liabilities to substance misuse and
to be diagnosed with the psychotic disorders in the first place.
However, we additionally observed a novel finding in that the
additive genetic influences that were unrelated to substance
misuse explained approximately a fifth (21%) of the correlation
with violent criminality in bipolar disorder but none of the same
correlation in schizophrenia. In other words, we found support for
the existence of disorder-specific genetic effects linking bipolar
disorder (but not schizophrenia) to increased violence risk. This
implies that aetiological models involving psychotic disorders
should not only focus on genetic and environmental factors that
are shared between the disorders but also on those factors that
are unique to each disorder.

Explanations for this bipolar-specific genetic effect could
include the following points: Clinical studies have demonstrated
that impulsivity and risk-taking behaviours are stronger in bipolar
disorder than in schizophrenia®® and the rates of aggression and
violence tend to be more pronounced in patients diagnosed with
bipolar disorder who exhibit higher rates of impulsivity.>' Second,
it has also been established that the risk of aggression in bipolar
disorder increases substantially during acute manic episodes,®'3?
which are characterised by elevated levels of irritability, impatience
and impaired insight.>* Genetically informative longitudinal clinical
studies are therefore warranted to further explore the ways in
which symptoms of mania interplay with substance misuse to
generate increased levels of aggression and violence.

We were unable to tell, based on our methodological approach,
what specific genes and environmental factors that influenced the
risk for violent crime. The available genome-wide association
studies on adulthood antisocial behaviours have thus far been too
small and heterogeneous to yield any robust findings and
comprehensive meta-analyses have failed to identify a single
significant polymorphism associated with aggression.>*3> Simi-
larly, only a handful of single-nucleotide polymorphisms have
been found to be individually associated with different substance
misuse phenotypes but a recent study adopting the genome-wide
complex trait analysis approach found that the combined
influence of all single-nucleotide polymorphisms explained
between 25% to 36% of the variance in different substance misuse
phenotypes.® Data on five common psychiatric disorders from
the PGC were recently re-examined using multivariate genome-
wide complex trait analysis models and the authors concluded
that the genetic risk predictions had improved substantially with
the addition of multiple genetically similar phenotypes.’ The
presented findings indicate that the additional inclusion of
substance misuse and aggression/violence phenotypes into
multivariate molecular genetic studies will likely contribute to
greater improvements of statistical power and accuracy. However,
the findings also highlight problems with not disentangling
common and unique sources of covariance across genetically
similar phenotypes as the latter sources may include aetiologically
important clues.



In line with previous Swedish nationwide studies that studied
these associations using differentially exposed full-siblings,>*>2
we found moderately sized unique environmental influences,
which are analogous to within-family estimates.” This implies that
the increased risk of violence in individuals diagnosed with
the psychotic disorders was, to a moderate extent (35-36%),
attributed to their individual differences, or ‘unique environmental
influences’, that could not be explained by their familial
characteristics. Unique environmental risks that were shared
between the psychiatric disorders and substance misuse, on the
other hand, tended to decrease the risk of violence but the effect
sizes were marginal (3-7%). This replication is an important
confirmation of the conclusions drawn by the previous studies as
our research design is not as sensitive to misclassification bias and
residual confounding due to non-shared genetic risks between
non-twin siblings.>>°

In terms of specific unique environmental influences, it has
been demonstrated in a number of genetically informative
general Swedish population studies that socioeconomic
deprivation and urban residence are merely correlates and not
causes of either violent crime, substance misuse or psychiatric
morbidity,?"?*%> whereas the association between peer deviance
and drug abuse,®® and associations between sustaining a
traumatic brain injury and subsequent violent crime*' and
suicide®? appear to be consistent with a causal inference. These
findings highlight the importance of accounting for unobserved
familial confounders in future studies of putative modifiable
environmental risk factors on violence, especially in psychiatric
patient groups, as the pleiotropic genetic influences are
substantial across all of these traits.

One clinical implication of the findings is that, because of the
reported strong overlap between these phenotypes, the
treatment of the mental illness and comorbid substance misuse
should be integrated more fully in mental health services, which in
turn may have benefits for patient safety and public health by
reducing violence risk. Consistent with the recent UK NICE
guideline on treatments for patients diagnosed with psychotic
disorders and comorbid substance misuse,** these findings also
highlight the importance of considering psycho-education pro-
vided to the patients and their families as a routine and repeated
intervention about the risks of substance misuse. Moreover, the
prevention of violent behaviour needs to be considered in all
patients, particularly in those with first episodes as contact
with the criminal justice system may worsen prognosis. Such
preventative strategies could include avoidance of antisocial
peers®® and other interventions to reduce the risks of being
victimized and other risk factors.

A number of limitations need to be noted. First, the findings
related explicitly to the twins and siblings included in the sample.
However, the prevalence rates of the phenotypes in the latter
sub-sample did not differ materially from equivalent rates in the
population sample (Tables 1 and 2) and the univariate models
replicated the estimates of related studies that compared full
and half-siblings."'™'® Second, although the presented estimates
(for example, phenotypic correlations and the relative
contributions of genetic and environmental influences) are valid
for the entire population, we cannot exclude the possibility that
they are moderated by gender. We were nevertheless unable to
explore such moderation effects because the stratification into
gender-specific twin sub-samples resulted in some bivariate tables
containing cells with zero observations, which prevented the
reliable estimation of the tetrachoric correlations. Pooling data
from different nations with national registers could be explored to
address important question. Further work could also examine
different crime outcomes, and in particular, sexual crimes as there
is now some preliminary evidence that heritability estimates may
differ for certain subgroups (for example, contact vs non-contact
sexual offences).**
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Third, we could not reliably ascertain their temporal ordering
of the phenotypes because they represent severe end points
to complex developmental processes. Future aetiological
studies should therefore benefit from combining nationwide
registry data with detailed longitudinal clinical and
subclinical measures of psychotic experiences, substance misuse,
aggression and antisocial behaviours. Fourth, we relied on
validated definitions of schizophrenia and bipolar disorder that
were formulated to ensure a high degree of specificity.
Complementary sensitivity analyses using wider definitions of
the disorders (for example, at least one episode instead of two
episodes) were not materially different with the presented
findings (Supplementary Table 5).

Last, the specification of the quantitative genetic models
presented here assumes the absence of both non-random mating
and dominance genetic influences. Furthermore, they assume that
the shared environments and prevalence rates of the phenotypes
are approximately equal across the groups of twins and non-twin
full-siblings. Non-random mating has been established for many
of the phenotypes'>** but a violation of this assumption will only
contribute to a downward bias of the additive genetic
influences.?” Simulation models comparing models with and
without dominance genetic influences rarely observe that the
inclusion of such effects changes the overall share of the variance
attributed to genetic influences.*® We decided against modelling
for such influences to keep the complex models more parsimo-
nious. The equal environments assumption is violated if the
shared environmental correlation in MZ twins exceeds that of DZ
twins and non-twin full-siblings, which will cause an artificial
increase of the heritability estimate.?® However, the impact of this
assumption is minimal at best as a recent simulation study
demonstrated that the presence of such bias increases heritability
estimates by a maximum of 5%.%

CONCLUSIONS

We found that patients who were diagnosed with psychotic
disorders had elevated risks of committing violent offences largely
due to genetic influences that simultaneously increased their
liabilities to develop their psychiatric morbidity, to engage in
substance misuse and also commit violent crimes. Genetic
influences that were unique to bipolar disorder explained
approximately a fifth of the increased risk of violent crime
while equivalent genetic influences in schizophrenia did not
contribute to such risk increases. Future research efforts should be
directed towards integrating violence-related phenotypes into
psychiatric genetic studies and to identify potentially causal
unique environmental predictors of violence in these patient
groups. Clinically, these findings illustrate the importance of risk
assessments that consider substance misuse comorbidity,
integrated treatments for multiple adverse risks and strong
collaborations between criminal justice, substance misuse and
mental health services.

CONFLICT OF INTEREST

HL has served as a speaker for Eli Lilly. SF has received travelling expenses from
Janssen on one occasion. AS declares no conflict of interest.

ACKNOWLEDGMENTS

The study was supported by the Wellcome Trust (095806), the Swedish Council
for Working Life and Social Research, the Swedish Research Council (2010-3184;
2011-2492; 2013-5867) and the National Institute of Child Health and
Human Development (HD061817). The funders were not involved in the design
and conduct of the study; collection, management, analysis and interpretation
of the data; or preparation, review or approval of the manuscript. The lead
author takes responsibility for the integrity of the data and the accuracy of the data
analysis.

Molecular Psychiatry (2016), 1251-1256



Genetic and environmental determinants of violence risk
A Sariaslan et al

1256

REFERENCES

1

N

w

N

w

(e}

~N

©

el

2

o

2

22

2

w

2

S

2

wv

Fazel S, Gulati G, Linsell L, Geddes JR, Grann M. Schizophrenia and violence:
systematic review and meta-analysis. PLOS Med. 2009; 6: 929.

Fazel S, Lichtenstein P, Grann M, Goodwin GM, Langstrom N. Bipolar disorder and
violent crime: new evidence from population-based longitudinal studies and
systematic review. Arch Gen Psychiatry. 2010; 67: 931-938.

Fazel S, Langstrom N, Hjern A, Grann M, Lichtenstein P. Schizophrenia, substance
abuse, and violent crime. JAMA 2009; 301: 2016-2023.

Fleischman A, Werbeloff N, Yoffe R, Davidson M, Weiser M. Schizophrenia and
violent crime: a population-based study. Psychol Med 2014; 44: 3051-3057.
D’Onofrio BM, Lahey BB, Turkheimer E, Lichtenstein P. Critical need for family-
based, quasi-experimental designs in integrating genetic and social science
research. Am J Public Health. 2013; 103: S46-S55.

Volavka J, Swanson J. Violent behavior in mental illness: the role of substance
abuse. JAMA 2010; 304: 563-564.

Van Dorn R, Volavka J, Johnson N. Mental disorder and violence: is there a rela-
tionship beyond substance use? Soc Psych Psych Epid 2012; 47: 487-503.

Witt K, Van Dorn R, Fazel S. Risk factors for violence in psychosis: systematic
review and meta-regression analysis of 110 studies. PLOS One 2013; 8: e55942.
Fazel S, Zetterqvist J, Larsson H, Langstrom N, Lichtenstein P. Antipsychotics
mood stabilisers, and risk of violent crime. Lancet 2014; 384: 1206-1214.

Swartz MS, Swanson JW, Hiday VA, Borum R, Wagner HR, Burns BJ. Violence and
severe mental illness: the effects of substance abuse and nonadherence to
medication. Am J Psychiat 2014; 155: 226-231.

Lichtenstein P, Yip BH, Bjérk C, Pawitan Y, Cannon TD, Sullivan PF et al. Common
genetic determinants of schizophrenia and bipolar disorder in Swedish families: a
population-based study. Lancet 2009; 373: 234-239.

Frisell T, Pawitan Y, Langstrom N, Lichtenstein P. Heritability, assortative mating
and gender differences in violent crime: results from a total population sample
using twin, adoption, and sibling models. Behav Genet 2012; 42: 3-18.

Song J, Bergen SE, Kuja-Halkola R, Larsson H, Landén M, Lichtenstein P. Bipolar
disorder and its relation to major psychiatric disorders: a family-based study in the
Swedish population. Bipolar Disord 2015; 17: 184-193.

Cross-Disorder Group of the Psychiatric Genomics Consortium. Genetic relation-
ship between five psychiatric disorders estimated from genome-wide SNPs. Nat
Genet 2013; 45: 984-994.

Pettersson E, Larsson H, Lichtenstein P. Common psychiatric disorders share the
same genetic origin: a multivariate sibling study of the Swedish population. Mo/
Psychiatry. advance online publication, 25 August 2015; doi: 10.1038/
mp.2015.116; PMID: 26303662.

Ludvigsson JF, Otterblad-Olausson P, Pettersson BU, Ekbom A. The Swedish
personal identity number: possibilities and pitfalls in healthcare and medical
research. Eur J Epidemiol 2009; 24: 659-667.

Magnusson PK, Almqvist C, Rahman |, Ganna A, Viktorin A, Walum H et al. The
Swedish Twin Registry: establishment of a biobank and other recent develop-
ments. Twin Res Hum Genet 2013; 16: 317-329.

Kristjansson E, Allebeck P, Wistedt B. Validity of the diagnosis schizophrenia in a
psychiatric inpatient register: a retrospective application of DSM-III criteria on
ICD-8 diagnoses in Stockholm county. Nord J Psychiat 1987; 41: 229-234.
Dalman C, Broms J, Cullberg J, Allebeck P. Young cases of schizophrenia identified
in a national inpatient register. Soc Psychiatry Psychiatr Epidemiol 2002; 37:
527-531.

Sellgren C, Landén M, Lichtenstein P, Hultman C, Langstrom N. Validity of bipolar
disorder hospital discharge diagnoses: file review and multiple register linkage
in Sweden. Acta Psychiatr Scand. 2011; 124: 447-453.

Sariaslan A, Larsson H, D'Onofrio BM, Langstrom N, Lichtenstein P. Childhood
family income, adolescent violent criminality and substance misuse: quasi-
experimental total population study. Br J Psychiatry. 2014; 205: 286-290.

Fazel S, Grann M. The population impact of severe mental illness on violent crime.
Am J Psychiat 2006; 163: 1397-1403.

Lindstrom P. Violence against women in Scandinavia: a description and evalua-
tion of two new laws aiming to protect women. J Scand Stud Criminol Crime Prev
2005; 5: 220-235.

Sariaslan A, Larsson H, D'Onofrio B, Langstrom N, Fazel S, Lichtenstein P. Does
population density and neighborhood deprivation predict schizophrenia? A
nationwide Swedish quasi-experimental study of 2.4 million individuals. Schizophr
Bull 2015; 41: 494-502.

Sariaslan A, Langstrom N, D’Onofrio B, Hallgvist J, Franck J, Lichtenstein P. The
impact of neighbourhood deprivation on adolescent violent criminality and
substance misuse: A longitudinal, quasi-experimental study of the total Swedish
population. Int J Epidemiol 2013; 42: 1057-1066.

26

27

28

29

30

=

3

32

3

w

34

3

(%]

36

37

38

39

40

4

=

42

4

w

a4

4

[V

46

Neale M, Cardon LR. Methodology for Genetic Studies of Twins and Families. Kluwer:
Dordrecht, The Netherlands, 1992.

Barnes J, Wright J, Boutwell B, Schwartz J, Connolly E, Nedelec J et al. Demon-
strating the validity of twin research in criminology. Criminology advance online
publication, 30 September 2014; doi: 10.1111/1745-9125.12049.

Loehlin JC. The Cholesky approach: a cautionary note. Behav Genet 1996; 26:
65-69.

Boker SM, Neale MC, Maes HH, Wilde MJ, Spiegel M, Brick TR et al. OpenMx 1.2
User Guide. The OpenMx Project: Charlottesville, VA, 2012.

Reddy LF, Lee J, Davis MC, Altshuler L, Glahn DC, Miklowitz DJ et al. Impulsivity
and risk taking in bipolar disorder and schizophrenia. Neuropsychopharmacology
2014; 39: 456-463.

Swann AC, Lijffijt M, Lane SD, Kjome KL, Steinberg JL, Moeller FG. Criminal con-
viction, impulsivity, and course of illness in bipolar disorder. Bipolar Disord 2011;
13:173-181.

Ballester J, Goldstein T, Goldstein B, Obreja M, Axelson D, Monk K et al. Is
bipolar disorder specifically associated with aggression? Bipolar Disord 2012; 14:
283-290.

Volavka J. Violence in schizophrenia and bipolar disorder. Psychiatr Danub 2012;
25: 24-33.

Singh JP, Volavka J, Czobor P, Van Dorn RA. A meta-analysis of the Val158Met
COMT polymorphism and violent behavior in schizophrenia. PLOS One 2012; 7:
e43423.

Vassos E, Collier D, Fazel S. Systematic meta-analyses and field synopsis of
genetic association studies of violence and aggression. Mol Psychiatry 2013; 19:
471-477.

Palmer RH, Brick L, Nugent NR, Bidwell L, McGeary JE, Knopik VS et al. Examining
the role of common genetic variants on alcohol, tobacco, cannabis and illicit drug
dependence: genetics of vulnerability to drug dependence. Addiction 2015; 110:
530-537.

Maier R, Moser G, Chen G-B, Ripke S, Coryell W, Potash JB et al. Joint analysis of
psychiatric disorders increases accuracy of risk prediction for schizophrenia,
bipolar disorder, and major depressive disorder. Am J Hum Genet 2015; 96:
283-294.

Fazel S, Wolf A, Chang Z, Larsson H, Goodwin GM, Lichtenstein P. Depression and
violence: a Swedish population study. Lancet Psychiatry 2015; 2: 224-232.

Frisell T, Oberg S, Kuja-Halkola R, Sjélander A. Sibling comparison designs: bias
from non-shared confounders and measurement error. Epidemiology 2012; 23:
713-720.

Kendler K, Ohlsson H, Mezuk B, Sundquist K, Sundquist J. Exposure to peer
deviance during childhood and risk for drug abuse: a Swedish national co-relative
control study. Psychol Med 2015; 45: 855-864.

Fazel S, Lichtenstein P, Grann M, Langstrom N. Risk of violent crime in individuals
with epilepsy and traumatic brain injury: a 35-year Swedish population study.
PLOS Med 2011; 8: €1001150.

Fazel S, Wolf A, Pillas D, Lichtenstein P, Langstrom N. Suicide, fatal injuries,
and other causes of premature mortality in patients with traumatic brain injury:
a 41-year Swedish population study. JAMA Psychiatry 2014; 71: 326-333.
National Institute for Health and Care Excellence (NICE). Psychosis with substance
misuse in over 14s: assessment and management. NICE Clinical Guideline 2011;
120.

Langstrom N, Babchishin KM, Fazel S, Lichtenstein P, Frisell T. Sexual
offending runs in families: A 37-year nationwide study. Int J Epidemiol 2015; 44:
713-720.

Lichtenstein P, Bjork C, Hultman CM, Scolnick E, Sklar P, Sullivan PF. Recurrence
risks for schizophrenia in a Swedish national cohort. Psychol Med 2006; 36:
1417-1426.

Keller MC, Medland SE, Duncan LE. Are extended twin family designs worth the
trouble? A comparison of the bias, precision, and accuracy of parameters esti-
mated in four twin family models. Behav Genet 2010; 40: 377-393.

This work is licensed under a Creative Commons Attribution 4.0
International License. The images or other third party material in this

article are included in the article’s Creative Commons license, unless indicated
otherwise in the credit line; if the material is not included under the Creative Commons
license, users will need to obtain permission from the license holder to reproduce the
material. To view a copy of this license, visit http://creativecommons.org/licenses/
by/4.0/

© The Author(s) 2016

Supplementary Information accompanies the paper on the Molecular Psychiatry website (http://www.nature.com/mp)

Molecular Psychiatry (2016), 1251-1256


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Genetic and environmental determinants of violence risk in psychotic disorders: a multivariate quantitative genetic study of 1.8 million Swedish twins and siblings
	INTRODUCTION
	Materials and methods
	Participants
	Measures
	Analytical approach

	Results
	Table 1 Descriptive data for individuals diagnosed with psychotic disorders and controls in the population sample (n�=�3�&#x02009;�232�&#x02009;�010)
	Table 2 Descriptive data for the distribution of individuals across non-twin full-siblings (n�=�2�&#x02009;�369�&#x02009;�775), DZ twins (n�=�27�&#x02009;�148) and MZ twins (n�=�12�&#x02009;�588) nested within the patient groups in the sample used for the
	Discussion
	Figure 1 Univariate quantitative genetic models decomposing the variance of schizophrenia, bipolar disorder, substance misuse, and violent crime into additive genetic (A), shared environmental (C) and unique environmental influences�(E).
	Figure 2 Multivariate quantitative genetic models decomposing the phenotypic correlation between psychotic disorders (schizophrenia and bipolar disorder) and violent crime into additive genetic (A) and unique environmental influences (E) that are shared w
	Conclusions
	The study was supported by the Wellcome Trust (095806), the Swedish Council for Working Life and Social Research, the Swedish Research Council (2010&#x02013;3184; 2011&#x02013;2492; 2013&#x02013;5867) and the National Institute of Child Health and Human D
	The study was supported by the Wellcome Trust (095806), the Swedish Council for Working Life and Social Research, the Swedish Research Council (2010&#x02013;3184; 2011&#x02013;2492; 2013&#x02013;5867) and the National Institute of Child Health and Human D
	ACKNOWLEDGEMENTS
	REFERENCES




