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A description of offence types

The terminology for different criminal offences is not always easy to translate across languages and jurisdictions. To clarify what is meant by the criminal terms used throughout the manuscript, we present brief descriptions of what acts are encompassed by each offence according to Swedish law. After each description, the corresponding chapter and paragraph in the current version (2010-02-03) of the Swedish Penal Code is given. 
Homicide: Includes murder, manslaughter and infanticide. (Ch 3, §1-3) 
Assault: To cause another bodily harm, illness, pain or unconsciousness. (Ch 3, §5-6) 
Robbery: To steal from another using violence or convincing threats thereof.  (Ch 8, §5-6)
Threats and violence against an officer: To by violence or threat of violence hinder a person in his or her exercise of authority. (Ch 17, §1)
Gross violation of a person’s/woman’s integrity: To repeatedly submit a person with whom one is at present, or has previously been, close to criminal acts covered by Chapter 3, 4 or 6 of the Penal Code. This includes e.g. threats, assaults, restrictions of freedom and sexual crimes. If the perpetrator is a man and the victim is a woman with whom the man has been married or has lived as married, the crime is entitled Gross violation of a woman’s integrity, rather than using the generic word ‘person’. (Ch 4, §4a)
Unlawful coercion: To by violence or threat thereof coerce someone to perform an action, submit to an action or to forebear an action they would otherwise perform. (Ch 4, §4)
Unlawful threats: To take up arms against someone or otherwise threaten with a criminal act in the intention of causing fear for one’s own or another’s safety or the safety of one’s property. (Ch 4, §5)
Kidnapping: To abduct or incarcerate a child or an adult with the intention to harm, blackmail or coerce into service. (Ch 4, §1)
Illegal confinement: To abduct or confine another, or in any way restrict a person’s freedom, in circumstances that excludes kidnapping and trafficking. (Ch 4, §2) 
Arson: To set a fire which leads to danger of another’s life, health or extensive property damage. (Ch 13, §1-2)
Intimidation. To physically accost or by stone throwing, gunfire, noise or other disrespectful behavior harass another. (Ch 4, §7)
Supplementary results

Gender and interpersonal violence risk. To save space in the main article, we only presented figures of familial risk for all relations and female-female relations in Fig. 1. In Table S1 we have also added male-male and gender-mixed dyads. As a complementary measure of the familial risk, we also present tetrachoric correlations for all relations (Table S2). Note, however, that the tetrachoric correlations are based on the 2-by-2 tables of cases/controls and exposed/unexposed from the matching procedure. Unlike the odds ratios from the conditional logistic regression, they do not take the individual matching of case to control into account. We do not present any standard errors for the tetrachoric correlations, since it was not possible to adjust them for the correlated nature of the dyads in each family. 
Socio-economic position and interpersonal violence risk. In Table S3 we present the familial risks across all levels of relatedness, stratified by childhood socio-economic position of the index person. 

Age at first violent crime and interpersonal violence risk. In Fig. 2, we only presented the effect of age at first conviction on sibling risks for interpersonal violence. In Table S4, we present these numbers for all relations where it was possible for both individuals to be born in the decade 1958-1968 (i.e. not for parents and grandparents).
	Table S1. Relative risk for violent crime among relatives of violent index persons in the Swedish total population 1973-2004. All relations and divided by four combinations of gender, respectively

	Relation to index person
	Number of dyads
	Familial risk: Odds Ratio (95% CI)

	
	
	All relations
	Male-Male
	Female-Female
	Male-Female
	Female-Male

	First degree relatives
	
	
	
	
	
	

	
	Parent
	11,878,407
	3.5 (3.5-3.6)
	3.3 (3.3-3.4)
	6.3 (5.7-6.9)
	3.8 (3.6-3.9)
	4.3 (4.1-4.5)

	
	Sibling
	9,251,809
	4.3 (4.2-4.3)
	4.2 (4.1-4.3)
	8.1 (7.4-9.0)
	4.0 (3.8-4.2)
	4.4 (4.2-4.6)

	
	
	
	
	
	
	
	

	Second degree relatives
	
	
	
	
	
	

	
	Grandparent
	9,670,392
	2.0 (1.9-2.0)
	1.8 (1.8-1.9)
	3.1 (2.4-4.0)
	2.4 (2.1-2.6)
	2.2 (1.9-2.4)

	
	Aunt or uncle
	9,191,946
	2.3 (2.3-2.3)
	2.2 (2.2-2.3)
	3.2 (2.8-3.6)
	2.6 (2.5-2.7)
	2.6 (2.5-2.7)

	
	Maternal halfsibling
	1,182,443
	2.1 (2.1-2.2)
	2.1 (2.0-2.1)
	3.0 (2.6-3.5)
	2.1 (2.0-2.3)
	2.4 (2.3-2.6)

	
	Paternal halfsibling
	1,268,232
	1.7 (1.7-1.8)
	1.7 (1.6-1.8)
	2.0 (1.6-2.4)
	1.7 (1.6-1.9)
	1.8 (1.7-2.0)

	
	
	
	
	
	
	
	

	Third degree relatives
	
	
	
	
	
	

	
	Cousin
	15,973,622
	1.9 (1.9-1.9)
	1.9 (1.8-1.9)
	2.2 (2.0-2.4)
	2.0 (1.9-2.0)
	2.0 (1.9-2.1)

	
	
	
	
	
	
	
	

	Unrelated
	
	
	
	
	
	

	
	Mating partner
	7,137,264
	5.2 (5.1-5.3)
	NA
	NA
	4.8 (4.7-5.0)
	5.7 (5.6-5.9)

	
	
	
	
	
	
	
	

	Adoptive relations
	
	
	
	
	
	

	
	Adopted child
	189,585
	1.5 (1.2-1.9)
	1.4 (1.1-1.9)
	10.0 (1.3-79.4)
	1.8 (1.0-3.3)
	1.8 (0.7-4.4)

	
	Adopted away child
	68,818
	1.9 (1.7-2.1)
	1.8 (1.5-2.0)
	6.5 (2.4-17.2)
	2.7 (2.0-3.8)
	1.8 (1.2-2.7)

	
	Adopted sibling
	98,748
	1.1 (1.0-1.3)
	1.0 (0.8-1.2)
	3.5 (1.4-8.8)
	1.3 (0.8-1.9)
	1.5 (0.9-2.4)

	
	Adopted apart sibling
	22,736
	1.7 (1.3-2.1)
	1.5 (1.2-2.0)
	1.1 (0.2-4.9)
	2.3 (1.4-3.7)
	2.4 (1.4-4.2)

	


	Table S2. Relative risk for violent crime among relatives of violent index persons in the Swedish total population 1973-2004. All relations and divided by four combinations of gender, respectively

	Relation to index person
	Number of dyads
	Familial risk: Tetrachoric correlations

	
	
	All relations
	Male-Male
	Female-Female
	Female-Male
	Male-Female

	First degree relatives
	
	
	
	
	
	

	
	Parent
	11,878,407
	0.29
	0.31
	0.41
	0.38
	0.28

	
	Sibling
	9,251,809
	0.37
	0.41
	0.48
	0.43
	0.31

	
	
	
	
	
	
	
	

	Second degree relatives
	
	
	
	
	
	

	
	Grandparent
	9,670,392
	0.13
	0.13
	0.21
	0.17
	0.15

	
	Aunt or uncle
	9,191,946
	0.21
	0.22
	0.25
	0.27
	0.20

	
	Maternal halfsibling
	1,182,443
	0.20
	0.22
	0.27
	0.27
	0.18

	
	Paternal halfsibling
	1,268,232
	0.14
	0.16
	0.16
	0.18
	0.13

	
	
	
	
	
	
	
	

	Third degree relatives
	
	
	
	
	
	

	
	Cousin
	15,973,622
	0.16
	0.17
	0.17
	0,19
	0.14

	
	
	
	
	
	
	
	

	Unrelated
	
	
	
	
	
	

	
	Mating partner
	7,137,264
	0.38
	-
	-
	0.51
	0.37

	
	
	
	
	
	
	
	

	Adoptive relations
	
	
	
	
	
	

	
	Adopted child
	189,585
	0.11
	0.10
	0.49
	0.16
	0.12

	
	Adopted away child
	68,818
	0.15
	0.15
	0.35
	0.12
	0.21

	
	Adopted sibling
	98,748
	0.03
	0.01
	0.25
	0.09
	0.05

	
	Adopted apart sibling
	22,736
	0.13
	0.11
	0.04
	0.26
	0.18

	


	Table S3. Relative risk for violent crime among relatives of violent index persons in the Swedish total population 1973-2004, stratified by childhood socioeconomic position. Childhood socio-economic position was based on parents’ highest occupation when the index person was aged 5-15 years and coded as Low (skilled and unskilled workers in all fields), Medium (low and intermediate position white collar professionals) or High (high position white collar professionals and self-employed entrepreneurs)

	Relation to index person


	Familial risk: Odds Ratio (95% CI)

	
	Overall 
	Low SEI
	Medium SEI
	High SEI

	First degree relatives
	
	
	
	

	
	Parent
	3.5 (3.5-3.6)
	3.1 (3.0-3.1)
	3.6 (3.5-3.7)
	4.4 (4.2-4.6)

	
	Sibling
	4.4 (4.3-4.5)
	3.6 (3.5-3.7)
	4.8 (4.6-5.0)
	5.8 (5.5-6.1)

	
	
	
	
	
	

	Second degree relatives
	
	
	
	

	
	Grandparent
	1.9 (1.8-2.0)
	1.8 (1.7-1.9)
	1.9 (1.7-2.1)
	2.1 (1.9-2.4)

	
	Aunt or uncle
	2.2 (2.2-2.3)
	2.0 (1.9-2.0)
	2.1 (2.0-2.2)
	2.7 (2.6-2.9)

	
	Maternal halfsibling
	2.1 (2.0-2.2)
	2.0 (1.9-2.2)
	2.0 (1.9-2.2)
	2.3 (2.1-2.5)

	
	Paternal halfsibling
	1.7 (1.6-1.7)
	1.5 (1.5-1.6)
	1.6 (1.5-1.7)
	1.9 (1.8-2.1)

	
	
	
	
	
	

	Third degree relatives
	
	
	
	

	
	Cousin
	1.8 (1.8-1.8)
	1.6 (1.6-1.6)
	1.8 (1.8-1.9)
	2.3 (2.2-2.4)

	
	
	
	
	
	

	Unrelated
	
	
	
	

	
	Mating partner
	5.6 (5.4-5.7)
	4.8 (4.6-5.0)
	6.3 (6.0-6.6)
	6.8 (6.3-7.2)

	
	
	
	
	
	

	Adoptive relations
	
	
	
	

	
	Adopted child
	1.3 (0.8-2.0)
	0.9 (0.4-1.8)
	1.6 (0.6-4.0)
	2.5 (1.1-5.9)

	
	Adopted away child
	1.3 (1.0-1.7)
	1.2 (0.9-1.7)
	1.7 (1.1-2.7)
	0.9 (0.4-1.9)

	
	Adopted sibling
	1.0 (0.8-1.3)
	0.6 (0.4-0.9)
	1.3 (0.9-1.7)
	1.3 (0.9-1.9)

	
	Adopted apart sibling
	1.7 (1.3-2.2)
	1.6 (1.2-2.2)
	1.9 (1.3-2.8)
	1.6 (1.0 -2.4)

	


	Table S4. Risk for violent crime among relatives of violent index persons in the Swedish total population born 1958-1968, divided by age of relative at first violent conviction

	Relation to index person
	Age of relative at first violent crime

Odds Ratio (95% CI)

	
	15-19 yrs
	20-24 yrs
	25-29 yrs
	30-34 yrs
	35-39 yrs
	40-44 yrs
	45-49 yrs

	First degree relatives
	
	
	
	
	
	
	

	
	Siblings
	4.5 (4.3-4.7)
	3.5 (3.3-3.6)
	2.9 (2.7-3.1)
	2.6 (2.4-2.8)
	2.3 (2.1-2.6)
	2.1 (1.9-2.5)
	2.4 (1.5-4.0)

	
	
	
	
	
	
	
	
	

	Second degree relatives
	
	
	
	
	
	
	

	
	Aunt or uncle
	2.3 (1.8-3.0)
	1.9 (1.5-2.4)
	1.4 (1.0-1.9)
	1.6 (1.1-2.4)
	1.6 (1.1-2.5)
	2.8 (1.8-4.5)
	3.3 (0.7-15.1)

	
	Maternal halfsibling
	2.1 (1.9-2.3)
	1.8 (1.6-2.0)
	1.7 (1.5-2.0)
	1.5 (1.3-1.8)
	1.3 (1.0-1.6)
	1.4 (0.9-2.2)
	0.8 (0.1-4.2)

	
	Paternal halfsibling
	1.5 (1.3-1.7)
	1.4 (1.2-1.6)
	1.3 (1.1-1.5)
	1.4 (1.2-1.8)
	1.3 (1.0-1.7)
	0.7 (0.5-1.2)
	0.8 (0.1-5.6)

	
	
	
	
	
	
	
	
	

	Third degree relatives
	
	
	
	
	
	
	

	
	Cousin
	2.0 (1.9-2.0)
	1.7 (1.6-1.7)
	1.5 (1.4-1.6)
	1.5 (1.4-1.6)
	1.7 (1.6-1.9)
	1.4 (1.2-1.6)
	1.0 (0.5-1.9)

	
	
	
	
	
	
	
	
	

	Unrelated
	
	
	
	
	
	
	

	
	Mating partner
	5.4 (5.0-5.8)
	4.6 (4.2-5.0)
	4.4 (4.0-4.8)
	4.1 (3.7-4.6)
	4.2 (3.8-4.8)
	4.4 (3.7-5.3)
	4.0 (2.3-7.1)

	
	
	
	
	
	
	
	
	

	Adoptive relations
	
	
	
	
	
	
	

	
	Adopted sibling
	1.1 (0.6-2.1)
	1.0 (0.6-1.8)
	1.0 (0.5-2.1)
	0.8 (0.2-2.5)
	1.9 (0.7-5.5)
	1.7 (0.2-12.4)
	-

	
	Adopted apart sibling
	2.1 (1.3-3.4)
	2.1 (1.4-3.2)
	1.7 (0.9-3.2)
	1.3 (0.6-3.0)
	1.5 (0.6-3.7)
	2.3 (0.6-8.4)
	-

	


Supplementary discussion
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The differential threshold model of gender differences

In behavior genetics, it is commonly assumed that dichotomous measurements of traits or behaviors arise from an underlying continuous liability, with a more or less distinct threshold. Everyone has an unmeasured value of the liability, but only those having a liability score above the threshold value exhibit the behavior or trait. Given the distribution of the underlying liability, it is possible to calculate heritabilities and other variance components for binary traits, using for example the classical twin model. Although the distribution is generally unknown, it is assumed to be an approximately smooth continuous distribution that could be transformed to a standardized normal distribution, and so the calculation of heritability is performed assuming a standard normal curve with an arbitrary scale on the x-axis. 

If the liability/threshold model is accurate, then the observed gender difference in the frequency of violent crime would indicate either that men and women have different underlying liability distributions or that, despite sharing the same underlying liability, they have different thresholds. The second alternative, the differential threshold model, is illustrated in Fig. S1. 

We found that female-female dyads had an increased odds ratio of interpersonal violence compared to male-male or male-female dyads. To see if this is congruent with the differential threshold model, we first generated 100 000 random numbers from a standard normal distribution, we then paired each number with another random number generated from the same distribution, correlated 0.37 to the first. This correlation was chosen because it was the observed tetrachoric correlation of violent convictions between siblings in our unmatched data. We then defined thresholds as the standard normal percentile equal to the population rate of violent crime. For men, with a violence rate of 7.3%, this sets the threshold at 1.45; for women, with a frequency of 0.9%, it sets the threshold at 2.37. In this way, we could calculate the odds ratios that we would expect if the differential threshold model is true. These simulated, expected values and the observed, true values are summarized in Table S5. 

With the given thresholds and correlation, the expected odds ratios match the observed ones very well for brother-brother and sister-sister relations. For brother-sister and vice versa, the observed values are decidedly lower; if the differential threshold model was correct, we would expect these values to be intermediate to the values from the same-sexed dyads, but instead they are similar to, or even lower than, the brother-brother dyad. If we assume that the basic idea of a continuous underlying liability is correct, then these liabilities are partly different between the sexes. Put differently, the effects of at least some of the genetic and/or environmental elements that add up to the liability for violent criminal offending are modified by sex. Since the odds ratios between opposite sexed siblings is still quite high, it also follows that the underlying liabilities partly consist of the same familial elements. 

	Table S5. Relative risk for violent crime in siblings of a violent index person in the Swedish total population 1973-2004. Observed estimates compared to estimates simulated from a differential threshold model of gender differences

	Relation
	Odds Ratio (95% CI)

	
	Observed 
	Simulated

	Brother-brother
	4.2 (4.1-4.3)
	4.1 (3.9-4.4)

	Sister-sister
	8.1 (7.4-9.0)
	8.1 (6.2-10.8)

	Brother-sister
	4.0 (3.8-4.2)
	6.1 (5.3-7.1)

	Sister-brother
	4.4 (4.2-4-6)
	6.5 (5.6-7.4)

	


Differential thresholds as a model of violence subtypes

Our definition of interpersonal violence included several different offences against another person. When analyzing specific sibling risks for these crimes, we found that the odds ratios were substantially higher for some subtypes of violent crime (e.g. ORsibling=22.4 for arson and ORsibling=13.8 for robbery) than for others. Could this be interpreted as evidence that individuals committing these crimes have been influenced by other, more familial, risk factors than those being convicted of general violent offending? Or does this rather suggest that individuals convicted of robbery and arson have a higher value of the same liability that, in lower doses, result in general violent offending? This second hypothesis could be depicted in the same differential threshold model that we used above to represent gender differences, but rather than gender, the higher threshold now indicates the more severe violent crimes.

In the same way as above, we created correlated pairs of random numbers from a standard normal probability distribution. Due to the rareness of some crimes, we generated 1 500 000 pairs, with the same correlation of 0.37 as used before. Thresholds were defined as the standard normal percentile corresponding to the population prevalence of the particular subtype of violence. To avoid any competing effect from the gender differences shown above, we only analyzed brother-brother dyads. The expected odds ratios and 95% confidence intervals for selected subtypes of violent crime were compared to the observed estimates (Table S6). 

The expected values for assault matched the observed values very well. This is unsurprising since assault is by far the most common violent crime. For robbery, the observed crime-specific odds ratio was also close to the expected, but the non-specific risk for violence (robbery in one brother predicting any violent crime in the other) lower than expected. The non-specific risk was an intermediate value between the specific risks for any violent and robbery, but this still suggests that there is some part of the underlying liability for robbery that is not shared by other violent crimes. The discrepancy between observed and expected odds ratios was more pronounced for homicide, which had a decidedly lower familial risk than expected for both homicide-specific and non-specific comparisons, and even more so for arson [22.4 (12.2-41.2)]. In the latter case, the specific familial risk was remarkable, compared to the observed non-specific risk of only 3.4 (3.0-3.7). 

	Table S6. Relative risk for subtypes of violent crime in the brother of a violent index male in the Swedish total population 1973-2004. Observed estimates compared to estimates simulated from a differential threshold model

	Crime type
	Odds Ratio (95% CI)

	
	Observed 
	Simulated

	Any violent-Any violent
	4.2 (4.1-4.3)
	4.0 (4.0-4.2)

	
	
	

	Assault-assault
	4.6 (4.5-4.7)
	4.5 (4.4-4.6)

	Any violent-assault
	4.3 (4.3-4.4)
	4.3 (4.2-4.4)

	
	
	

	Robbery-robbery
	13.3 (11.8-15.0)
	12.4 (11.1-13.8)

	Any violent-robbery
	5.3 (5.1-5.5)
	6.9 (6.5-7.2)

	
	
	

	Homicide-homicide
	12.5 (6.6-23.9)
	25.5 (18.2-35.6)

	Any violent-homicide
	4.8 (4.3-5.4)
	8.8 (7.9-9.8)

	
	
	

	Arson-arson
	29.8 (14.1-63.1)
	31.3 (22.7-43.3)

	Any violent-arson
	3.4 (3.0-3.7)
	9.1 (8.2-10.1)

	


These subtype-specific and non-specific relative risks suggest that there are both general familial risk factors influencing several or all subtypes of violent crime and familial risk factors acting specifically on the liability for certain kinds of violence. This needs to be taken into account in future studies of familial and genetic etiology to violent behavior. For example, study results will depend on the relative proportions of interpersonal violence subtypes in a sample of violent individuals.

Fig. S1. The differential threshold model of binary traits.








