Psychological Medicine

cambridge.org/psm

Original Article

Cite this article: Ghirardi L, Kuja-Halkola R,

Pettersson E, Sariaslan A, Arseneault L, Fazel

S, D’Onofrio BM, Lichtenstein P, Larsson H
(2021). Neurodevelopmental disorders and
subsequent risk of violent victimization:
exploring sex differences and mechanisms.
Psychological Medicine 1-8. https://doi.org/
10.1017/S0033291721003093

Received: 23 September 2020
Revised: 13 July 2021
Accepted: 14 July 2021

Key words:
Neurodevelopmental disorders; ADHD;
victimization

Author for correspondence:
Laura Ghirardi, E-mail: laura.ghirardi@ki.se

© The Author(s), 2021. Published by
Cambridge University Press

CAMBRIDGE

UNIVERSITY PRESS

Neurodevelopmental disorders and
subsequent risk of violent victimization:
exploring sex differences and mechanisms

Laura Ghirardi! (), Ralf Kuja-Halkolal, Erik Pettersson!, Amir Sariaslan?,
Louise Arseneault3, Seena Fazel*, Brian M. D’Onofrio®-3, Paul Lichtenstein?!
and Henrik Larssonl:6

'Department of Medical Epidemiology and Biostatistics, Karolinska Institutet, Stockholm, Sweden; Faculty of
Social Sciences, Social and Public Policy Unit, University of Helsinki, Helsinki, Finland; 3Social, Genetic, and
Developmental Psychiatry Centre, Institute of Psychiatry, Psychology, and Neuroscience, King’s College London,
London, UK; *Department of Psychiatry, University of Oxford, Warneford Hospital, Oxford, UK; *Department of
Psychological and Brain Sciences, Indiana University, Bloomington, IN, USA and 5School of Medical Sciences,
Orebro University, Orebro, Sweden

Abstract

Background. Neurodevelopmental disorders (NDs) are associated with experiences of victim-
ization, but mechanisms remain unclear. We explored sex differences and the role of familial
factors and externalizing problems in the association between several NDs and violent victim-
ization in adolescence and young adulthood.

Methods. Individuals born in Sweden 1985-1997, residing in Sweden at their 15th birthday,
were followed until date of violent victimization causing a hospital visit or death, death due to
other causes, emigration, or December 31, 2013, whichever came first. The exposures were
diagnoses of attention-deficit/hyperactivity disorder (ADHD), autism spectrum disorder
(ASD), intellectual disability (ID) and other NDs. We used three different Cox regression
models: a crude model, a model adjusted for familial confounding using sibling-comparisons,
and a model additionally adjusted for externalizing problems.

Results. Among 1 344 944 individuals followed, on average, for 5 years, 74 487 were diagnosed
with NDs and 37 765 had a hospital visit or died due to violence. ADHD was associated with
an increased risk of violent victimization in males [hazard ratio (HR) 2.56; 95% confidence
interval (CI) 2.43-2.70) and females (HR 5.39; 95% CI 4.97-5.85). ASD and ID were asso-
ciated with an increased risk of violent victimization in females only. After adjusting for famil-
ial factors and externalizing problems, only ADHD was associated with violent victimization
among males (HR 1.27; 95% CI 1.06-1.51) and females (HR 1.69; 95% CI 1.21-2.36).
Conclusions. Females with NDs and males with ADHD are at greater risk of being victim of
severe violence during adolescence and young adulthood. Relevant mechanisms include
shared familial liability and externalizing problems. ADHD may be independently associated
with violent victimization.

Introduction

Individuals with neurodevelopmental disorders (NDs), such as autism spectrum disorder
(ASD), attention-deficit/hyperactivity disorder (ADHD), and intellectual disability (ID)
(APA, 2013), are at increased risk of being victim of violence. For example, there is evidence
that ADHD is associated with an increased risk of physical (Dammeyer & Chapman, 2018),
sexual (Dammeyer & Chapman, 2018; Ohlsson Gotby, Lichtenstein, Langstrom, &
Pettersson, 2018), dating (McCauley, Breslau, Saito, & Miller, 2015), and intimate partner vic-
timization (Guendelman, Ahmad, Meza, Owens, & Hinshaw, 2016). ASD has also been asso-
ciated with higher risk of physical (Dammeyer & Chapman, 2018; Ohlsson Gotby et al., 2018)
and sexual victimization (Brown-Lavoie, Viecili, & Weiss, 2014; Dammeyer & Chapman, 2018;
Ohlsson Gotby et al., 2018; Weiss & Fardella, 2018). Similar results on vulnerability to physical
and sexual victimization have also been found for ID (Fogden, Thomas, Daffern, & Ogloff,
2016; Nixon, Thomas, Daffern, & Ogloff, 2017). However, most of the available evidence is
based on cross-sectional data, with retrospective assessment of NDs or symptoms
(Brown-Lavoie et al., 2014; Dammeyer & Chapman, 2018; McCauley et al., 2015; Weiss &
Fardella, 2018; Wymbs, Dawson, Egan, & Sacchetti, 2019; Wymbs, Dawson, Suhr, Bunford,
& Gidycz, 2017). This may limit the ability to establish the temporal order of the exposure
and the outcome and raises the issue of recall bias.

A recent register-based study from Denmark used information on criminal victimization
from police records and on psychiatric diagnoses from medical records, and found that having
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a diagnosis of ND was associated with a higher risk of being sub-
jected to criminal victimization in females, but not in males
(Dean et al.,, 2018). However, the associations attenuated when
adjusting for other psychiatric disorders, family characteristics,
and criminal offending, with the exception of ID in women,
which still represented a risk factor for being victim of violence
(Dean et al., 2018). Another study based on a survey among uni-
versity students did not find an association between self-reported
ADHD symptoms and physical intimate partner violence victim-
ization (Wymbs et al,, 2017). Hence, it remains unclear if all or
just some NDs are associated with an increased risk of victimiza-
tion and if the risk varies by sex. These are important knowledge
gaps as violent victimization is associated with a range of negative
outcomes, including depression, anxiety, post-traumatic stress
disorder, substance use problems, self-harm, criminality, and vio-
lence perpetration (Latalova, Kamaradova, & Prasko, 2014;
Turanovic & Pratt, 2015; Vaughn et al., 2010).

None of the previous studies examined whether shared familial
factors, including genetics, may explain the association between
NDs and victimization. For example, previous research has
shown that genetic vulnerability to psychiatric disorders, includ-
ing ADHD, is correlated with exposure to another type of victim-
ization, bullying (Schoeler et al., 2019). Another relevant
mechanism to explore is the role of criminal offending and
other externalizing problems. For example, it is well established
that ADHD is associated with an increased risk of criminality
(Lichtenstein et al, 2012; Mohr-Jensen, Miiller Bisgaard,
Boldsen, & Steinhausen, 2019; Mohr-Jensen & Steinhausen,
2016) and substance use disorder (SUD) (Biederman et al,
1997; Groenman, Janssen, & Qosterlaan, 2017; Groenman et al.,
2013; Yoshimasu et al., 2012), which, in turn, are associated
with greater risk of being victim of violence (Johnson et al,
2016; Vaughn et al, 2010). As a result, SUD and criminality
may mediate the association between NDs and violent victimiza-
tion. Therefore, assessing the role of familial confounding and
mediating factors may help clarifying the mechanisms through
which NDs may influence the vulnerability to victimization in
adolescence and early adulthood.

Taken together, previous studies suggest that risk of violent
victimization should be considered among those with NDs.
However, use of cross-sectional data and lack of consideration
of important potential confounders and mediators may generate
biased results. In this study, we investigated the association
between several NDs and subsequent risk of severe violent victim-
ization in adolescence and young adulthood, using prospectively
collected data on hospitalizations and deaths due to assault. We
had two main aims. First, we wanted to estimate the crude asso-
ciation between different NDs and victimization in males and
females, in order to establish the extent to which different NDs
were associated with risk of violent victimization and if there
may be sex differences. This would allow identifying the most vul-
nerable patient groups. Second, we explored two mechanisms that
may explain the association between NDs and victimization, that
is, shared familial factors and mediation via externalizing pro-
blems. To do so, we examined whether the associations between
NDs and victimization was explained by unmeasured shared
familial effects by comparing violent victimization rates among
sibling pairs who are discordant on their diagnosis status. This
method uses information on pairs where one sibling is diagnosed
with a ND and the other is not in order to adjust for familial fac-
tors shared by the siblings, such as their socio-economic back-
ground and half of their genetic makeup (D’Onofrio, Lahey,
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Turkheimer, & Lichtenstein, 2013). Furthermore, we tested
whether the association between NDs and victimization was
explained by externalizing problems, including conduct disorder
(CD), SUD, and criminal convictions, which may account, at
least in part, for the association between some NDs and violent
victimization.

Methods

The study was approved by the regional ethics review board in
Stockholm, Sweden. The requirement for informed consent was
waived because the study was register-based and it was not pos-
sible to identify the included individuals.

Study population

We used data from a linkage of several national Swedish registers
via the unique identification number (Ludvigsson,
Otterblad-Olausson, Pettersson, & Ekbom, 2009). Using informa-
tion from the Total Population Register (Ludvigsson et al., 2016),
we included in the study all individuals born in Sweden between
1985 and 1997 alive and living in Sweden at their 15th birthday,
with identifiable biological parents. We followed them from their
15th birthday until the event of interest, death, migration outside
Sweden, or December 31, 2013, whichever came first. That date
would represent the end of the follow-up. We followed individuals
from age 15 in order to focus on victimization events during late
adolescence and early adulthood and we excluded individuals
with a victimization event before age 15. Within the study popu-
lation, we linked individuals with the same biological parents
using both parents’ unique identification numbers to identify
clusters of full-siblings.

NDs

Using the National Patient Register (Ludvigsson et al., 2011), we
identified diagnoses of NDs from specialist inpatient and out-
patient visits after age two, using a similar classification as
DSM-5, which includes ADHD, ASD, ID, communication disor-
ders, specific learning disorder, motor disorders, and other/
unspecified NDs. ADHD, ASD and ID, which were the most
prevalent NDs in the sample, were also examined separately. A
complete list of the International Classification of Diseases, 9th
revision (ICD-9), and ICD-10 codes is reported in online
Supplementary Table S1.

All the exposures were time-varying. Individuals who were
diagnosed with NDs before the 15th birthday were considered
exposed for the entire follow-up. Individuals who were diagnosed
with NDs after their 15th birthday were considered as unexposed
from their 15th birthday until the first diagnosis, and as exposed
after the first diagnosis.

Violent victimization

Using information from the National Patient Register
(Ludvigsson et al, 2011) and the Cause of Death Register
(Brooke et al., 2017), we defined violent victimization as any
inpatient or outpatient visit or death due to assault (ICD-9
codes: E960-E969; ICD-10 codes: X85-Y09), in line with previous
studies (Sariaslan, Arseneault, Larsson, Lichtenstein, & Fazel,
2020; Sariaslan, Lichtenstein, Larsson, & Fazel, 2016). The out-
come date was defined as the date of first registered diagnosis.
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As the National Patient Register includes data from inpatient and
outpatient visits, these events may be considered quite severe
events, as they were treated in specialist care. Primary care data
are not included in the National Patient Register.

Other covariates

The following covariates were considered: year of birth, using
information from the Total Population Register (1985-1990;
1991-1997); diagnosis of CD in the National Patient Register
(ICD-9 code: 312; ICD-10 code: F91); diagnosis of SUD in the
National Patient Register (ICD-9 codes: 291, 292, 303-305;
ICD-10 code: F10—F19); crime conviction (Sariaslan et al.,
2016, 2020), identified in the National Crime Register, which
includes information on all criminal convictions in Sweden
since 1973 for individuals aged 15 or older, which is the age of
criminal responsibility in Sweden.

Statistical analysis

We conducted all analyses separately for males and females, as
NDs have different prevalence in males and females and results
from previous studies suggest that there may be sex differences
in the vulnerability to different types of victimizations.

First, to explore the crude association between the NDs and
violent victimization among males and females, we plotted the
estimated cumulative incidence of being violently victimized in
exposed and unexposed groups by sex using the Kaplan-Meier
method. Then, we used Cox regression model to estimate the haz-
ard ratios (HRs) and 95% confidence intervals (CIs) for time to
violent victimization, with cluster-robust standard errors account-
ing for the correlated data from full-siblings. The underlying time
scale was time since the start of the follow-up, that is, the 15th
birthday. We performed the analysis for all NDs combined, as
well as for ADHD, ASD and ID separately and then with
ADHD, ASD, and ID included together in a multiple regression
model. Therefore, estimates for each disorder from this model
were adjusted for the other disorders. This was done in order to
establish if all NDs or only some disorders were uniquely asso-
ciated with risk of violent victimization. In addition, we evaluated
if there was any difference between having only one disorder v.
having more than one. In order to do so, we considered
ADHD, ASD, and ID in separate models as exposures on three
different levels: no diagnosis, diagnosis of one disorder, diagnosis
of more than one disorder. That is, when considering ADHD, one
could have no diagnosis of ADHD, only a diagnosis of ADHD, or
a diagnosis of ADHD and of ASD and/or ID. When considering
ASD, one could have no diagnosis of ASD, only a diagnosis of
ASD, or a diagnosis of ASD and ADHD and/or ID. When consid-
ering ID, one could have no diagnosis of ID, only a diagnosis of
ID, or a diagnosis of ID and of ADHD and/or ASD.

Second, we used stratified Cox regression model entering each
cluster of full-siblings as a separate stratum (model adjusted for
familial factors). This approach allows adjusting for all potential
confounders that are constant within each cluster of siblings dur-
ing the follow-up. Only clusters of siblings with variation in at
least one of the covariates and at least one outcome event contrib-
ute to this analysis (Number of clusters = 26 337; Number of indi-
viduals = 54 354). In this model, we also adjusted for year of birth
to control for potential temporal trends, which may for example
affect administrative prevalence of NDs. This was done in order

to explore if shared familial factors would explain potential asso-
ciations between NDs and violent victimization.

Third, we added the following externalizing problems to the
stratified Cox regression model of full-siblings (that is, the
model adjusted for familial factors explained above): diagnosis
of SUD, diagnosis of CD, crime conviction (model adjusted for
familial factors and mediators). These covariates were time vary-
ing and date of the first diagnosis or first crime was used as the
starting date of the exposed time. Hence, individuals who were
diagnosed with SUD or CD before or at the 15th birthday were
considered exposed for the entire follow-up, while individuals
who were diagnosed with SUD or CD after their 15th birthday
were considered as unexposed from their 15th birthday until
the first diagnosis, and as exposed afterwards. This was done in
order to explore if externalizing problems would explain potential
associations between NDs and violent victimization.

As a sensitivity analysis, we conducted these analyses consid-
ering ND diagnoses after age four, for a more conservative defin-
ition of the disorders.

Results
Description of the sample

Descriptive statistics of the study population, which included 1
344 944 individuals, are reported in Table 1. More than five per-
cent of the study population (N =74 487; 5.54%) were diagnosed
with a ND, of which ADHD was the most common (N =45 991;
3.42%). During the follow-up (mean length = 5 years; average age
at the end of the follow-up = 23), 37 765 (2.81%) individuals who
were violently victimized, and males (N =26884; 3.90%) were
more at risk than females (N =10 881; 1.66%).

Crude associations between NDs and violent victimization

Figure 1 depicts cumulative incidence of violent victimization. At
the end of the follow-up, the estimated cumulative incidence of vio-
lent victimization after being diagnosed with any NDs was 10.8%
(95% CI 10.3-11.4) in males and 9.7% (95% CI 9.0-10.5) in
females, compared to 6.2% (95% CI 6.1-6.3) in males and 2.4%
(95% CI 2.4-2.5) in females not diagnosed with NDs. The differ-
ence was larger for ADHD, with an estimated cumulative incidence
of violent victimization equal to 16.0% (95% CI 15.0-17.0) in males
and 13.2% (95% CI 12.1-14.3) in females diagnosed with ADHD,
compared to 6.2% (95% CI 6.1-6.2) in males and 2.5% (95% CI
2.4-2.5) in females not diagnosed with ADHD.

Crude associations between NDs and violent victimization are
reported in Table 2. A diagnosis of ND was associated with an
increased risk of subsequent violent victimization in males (HR
1.72; 95% CI 1.64-1.80) and females (HR 3.94; 95% CI 3.68-
4.22). Among males, when considering specific disorders in sep-
arate models, only ADHD was associated with an increased risk of
violent victimization (HR 2.56; 95% CI 2.43-2.70), while ASD
and ID were associated with a reduced risk of violent victimiza-
tion. Among females, all NDs were associated with an increased
risk of violent victimization. When considering ADHD, ASD,
ID simultaneously in a multiple regression model, among
males, only ADHD was associated with an increased risk of vio-
lent victimization, while ASD and ID were associated with a
reduced risk of violent victimization. In contrast, among females,
all disorders were independently associated with an increased risk
of violent victimization, with a stronger association for ADHD
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Table 1. Description of the study population

Overall Males Females

No. (%) No. (%) No. (%)
Whole study population 1344944 689 878 (51.29) 655066 (48.71)
Any ND 74 487 (5.54) 46 603 (6.76) 27 884 (4.26)
ADHD 45991 (3.42) 281899 (4.19) 17092 (2.61)
ASD 21362 (1.59) 14058 (2.04) 7304 (1.12)
ID 14194 (1.06) 8400 (1.22) 5794 (0.88)
SUD 59 886 (4.45) 32029 (4.64) 27 857 (4.25)
cD 5327 (0.40) 3310 (0.48) 2017 (0.31)
Any crime conviction 160606 (11.94) 114666 (16.62) 45940 (7.01)
Maternal psychiatric diagnosis 206 563 (15.36) 106 476 (15.43) 100 087 (15.28)
Paternal psychiatric diagnosis 175093 (13.02) 89400 (12.96) 85693 (13.08)
Maternal upper secondary education® 1176 827 (89.46) 603517 (89.47) 573310 (89.45)
Paternal upper secondary education® 1049921 (82.40) 538 843 (82.42) 511078 (82.38)
Violent victimization event 37765 (2.81) 26884 (3.90) 10 881 (1.66)

No., number of observations; ND, neurodevelopmental disorder; ADHD, attention-deficit/hyperactivity disorder; ASD, autism spectrum disorder; ID, intellectual disability; SUD, substance use
disorder; CD, conduct disorder.

?Due to missing values, N =1315490.

Due to missing values, N=1298 388.
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Fig. 1. Cumulative incidence of violent victimization.
Note: Dashed line = exposed to NDs; solid line = unexposed to NDs. NDs, neurodevelopmental disorders; ASD, autism spectrum disorder; ID, intellectual disability.
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Table 2. Crude associations between NDs and violent victimization

Table 3. Adjusted associations between NDs and violent victimization

Separate models Multiple regression model?

Adjusted for familial Adjusted for familial factors

HR (95% CI) HR (95% ClI)

Males

Any ND 1.72 (1.64-1.80) NA

ADHD 2.56 (2.43-2.70) 2.83 (2.67-2.99)

ASD 0.84 (0.75-0.95) 0.60 (0.53-0.68)

ID 0.80 (0.70-0.92) 0.65 (0.56-0.75)
Females

Any ND 3.94 (3.68-4.22) NA

ADHD 5.39 (4.97-5.85) 4.91 (4.48-5.38)

ASD 2.87 (2.47-3.32) 1.24 (1.04-1.47)

ID 2.78 (2.41-3.20) 1.77 (1.51-2.07)

HR, hazard ratio; Cl, confidence interval; ND, neurodevelopmental disorder; ADHD,
attention-deficit/hyperactivity disorder; ASD, autism spectrum disorder; ID, intellectual
disability.

®The estimates for each disorder are mutually adjusted for the other disorders.

(HR 4.91; 95% CI 4.48-5.38) than for ASD (HR 1.24; 95% CI
1.04-1.47) and ID (HR 1.77; 95% CI 1.51-2.07). The difference
in the association between NDs and violent victimization between
males and females was statistically significant (p =0.00).

When evaluating the role of comorbidity, the pattern of results
for ADHD was different from ASD and ID. For ADHD, among
males, having only a diagnosis of ADHD was associated with an
increased risk of violent victimization (HR 2.86; 95% CI 2.70-
3.03), as compared to not having a diagnosis of ADHD. The
increase in the risk was lower if there was an additional diagnosis
of ASD and/or ID (HR 1.61; 95% CI 1.42-1.85). Among females,
having only a diagnosis of ADHD (HR 5.45; 95% CI 4.98-5.97)
or having an additional diagnosis of ASD and/or ID (HR 5.15;
95% CI 4.32-6.15) was associated with an increase in the risk of
violent victimization of similar magnitude. For ASD, among
males, having only a diagnosis of ASD was associated with a
decreased risk of violent victimization (HR 0.74; 95% CI 0.62-
0.88). The association for having an additional diagnosis of
ADHD and/or ID was null (HR 0.96; 95% CI 0.81-1.13). Among
females, having only a diagnosis of ASD (HR 2.71; 95% CI 2.20-
3.33) or having an additional diagnosis of ADHD and/or ID
(HR 3.04; 95% CI 2.47-3.75) was associated with an increase in
the risk of violent victimization of similar magnitude. For ID,
among males, having only a diagnosis of ID was associated with
a decreased risk of violent victimization HR 0.63 (95% CI 0.51-
0.78). The association for having an additional diagnosis of
ADHD and/or ASD was null [HR 1.01 (95% CI 0.83-1.21)].
Among females, having only a diagnosis of ID (HR 2.50; 95% CI
2.08-2.99) or having an additional diagnosis of ADHD and/or
ASD (HR 3.41; 95% CI 2.71-4.31) was associated with an increase
in the risk of violent victimization of similar magnitude.

The role of familial factors for associations between NDs and
violent victimization

Adjusted associations between NDs and violent victimization are
reported in Table 3. In the model where we explored to role of
familial factors shared by full-siblings, a diagnosis of ND was
associated with an increased risk of subsequent violent

factors® and mediators®
HR (95% Cl) HR (95% ClI)
Males
Any ND 1.14 (0.99-1.31) 0.99 (0.86-1.14)
ADHD 1.53 (1.29-1.82) 1.27 (1.06-1.51)
ASD 0.82 (0.59-1.12) 0.83 (0.61-1.13)
ID 0.49 (0.34-0.70) 0.51 (0.36-0.73)
Females
Any ND 1.73 (1.37-2.18) 1.42 (1.11-1.83)
ADHD 2.24 (1.64-3.04) 1.69 (1.21-2.36)
ASD 0.81 (0.49-1.34) 0.75 (0.45-1.24)
ID 1.29 (0.80-2.11) 1.29 (0.80-2.08)

HR, hazard ratio; Cl, confidence interval; ND, neurodevelopmental disorder; ADHD,
attention-deficit/hyperactivity disorder; ASD, autism spectrum disorder; ID, intellectual
disability.

“The model is adjusted for familial factors shared by full siblings.

>The model is additionally adjusted for substance use disorder, conduct disorder, and crime
conviction.

victimization in males (HR 1.14; 95% CI 0.99-1.31), although
the confidence interval included one, and in females (HR 1.73;
95% CI 1.37-2.18). All familial factor adjusted estimates
(Table 3) attenuated compared to the non-adjusted estimates
(Table 2), which suggests that familial factors may explain part
of the association. When considering the specific disorders simul-
taneously, only ADHD was associated with an increased risk of
violent victimization in both males (HR 1.53; 95% CI 1.29-
1.82) and females (HR 2.24; 95% CI 1.64-3.04).

The role of mediators for associations between NDs and violent
victimization

The associations further attenuated when considering the role of
familial factors and externalizing problems, suggesting that these
may be important mechanisms in the association between NDs
and violent victimization (Table 3). When examining specific dis-
orders, only ADHD was associated with an increased risk of vio-
lent victimization, both in males (HR 1.27; 95% CI 1.06-1.51) and
in females (HR 1.69; 95% CI 1.21-2.36; Table 3).

Sensitivity analysis

Associations between a more conservative definition of NDs and
violent victimization were similar to those obtained from the
main analyses (Table 4).

Discussion

In this nation-wide study, we found that having a diagnosis of
NDs was associated with an increased risk of being victim of vio-
lence during adolescence and young adulthood among females. In
males, there was a positive association with ADHD only, while
ASD and ID were associated with a decreased risk of violent vic-
timization. A possible explanation for this is that ADHD symp-
toms, such as impulsivity and inattention, may increase the
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Crude association - Separate

Crude association - Multiple

Adjusted for familial Adjusted for familial factors and

models

HR (95% Cl)

regression model®

HR (95% Cl)

factors®

HR (95% Cl)

mediators®

HR (95% Cl)

Males
Any ND 1.74 (1.66-1.83) NA 1.16 (1.01-1.34) 1.01 (0.87-1.17)
ADHD 2.56 (2.43-2.71) 2.83 (2.67-2.99) 1.52 (1.28-1.80) 1.25 (1.05-1.49)
ASD 0.86 (0.76-0.96) 0.60 (0.53-0.68) 0.83 (0.60-1.15) 0.85 (0.62-1.16)
ID 0.81 (0.71-0.94) 0.66 (0.57-0.76) 0.50 (0.35-0.71) 0.52 (0.37-0.74)
Females
Any ND 3.84 (3.71-4.25) NA 1.73 (1.37-2.19) 1.43 (1.11-1.84)
ADHD 5.40 (5.00-5.86) 4.93 (4.50-5.40) 2.24 (1.65-3.06) 1.69 (1.21-2.37)
ASD 2.85 (2.45-3.30) 1.22 (1.03-1.45) 0.79 (0.47-1.31) 0.73 (0.44-1.21)
ID 2.81 (2.43-3.24) 1.79 (1.53-2.09) 1.26 (0.77-2.06) 1.26 (0.78-2.03)

HR, hazard ratio; Cl, confidence interval; ND, neurodevelopmental disorder; ADHD, attention-deficit/hyperactivity disorder; ASD, autism spectrum disorder; ID, intellectual disability.

*The estimates for each disorder are mutually adjusted for the other disorders.

The model is adjusted for familial factors shared by full siblings; ‘the model is additionally adjusted for substance use disorder, conduct disorder, and crime conviction.

vulnerability of both men and women to violent victimization. In
contrast, ASD symptoms, such as social and communication dif-
ficulties, may have opposite effects in males and females. For
example, young women might become the target of violence,
because of their interpersonal difficulties, whereas having fewer
interactions with others or even being socially isolated may pro-
tect young men from contexts where violence may occur. When
considering the role of comorbidities, we found that among
males with ADHD, having and additional diagnosis of ASD, ID
or both, may reduce the magnitude of the increase in the risk
of violent victimization. In other words, comorbidity with these
disorders may be protective. Among females, for any of the disor-
ders considered comorbidity did not seem to result in a larger
increase in the risk of violent victimization.

The analyses of the possible mechanisms underlying the
observed associations revealed three important findings. First,
sibling-comparisons led to attenuated associations, indicating
that the mechanisms underlying associations between NDs and
violent victimization reflect in part a shared familial liability.
This is in line with a recent Swedish study on the risk of violent
victimization among individuals with other psychiatric disorders,
which found increased risk for all psychiatric disorders, but atte-
nuated estimates in models adjusted for familial confounding
using sibling-comparison design (Sariaslan et al., 2020). This is
also in line with evidence suggesting that genetic vulnerability
to psychiatric disorders is associated with an increased risk of
being exposed to a less severe form of victimization, bullying
(Schoeler et al., 2019).

Second, the disorder-specific sibling-comparisons (that is, the
model adjusted for familial factors by comparing siblings who are
discordant on diagnosis of NDs) revealed that the association of
ASD with violent victimization in females was mostly attenuated
to one, while ADHD remained associated with an increased risk
of violent victimization in men and women separately. This sug-
gests that, although part of the association was explained by
shared familial factors, ADHD may be independently associated
with a higher risk of being violently victimized. One possible
explanation for this is that ADHD symptoms such as impulsivity

and/or reduced vigilance (i.e. inattention) to potential threats may
be increase the risk of becoming victim of violence.

Third, we found that the association between ADHD and vic-
timization was partly mediated by externalizing behaviours. This
is consistent with the well-established association between ADHD
and externalizing problems (Biederman et al,, 1997; Groenman
et al., 2013, 2017; Lichtenstein et al., 2012; Mohr-Jensen &
Steinhausen, 2016; Mohr-Jensen et al., 2019; Yoshimasu et al.,
2012) and the available evidence supporting an association
between externalizing problems and risk of becoming victim of
violence (Johnson et al., 2016; Vaughn et al., 2010). In addition,
these findings confirm the importance of the dynamic interplay
between victimization and perpetration risk (Sariaslan et al.,
2020), which needs to be considered carefully in future research.
Importantly, the association between ADHD and violent victim-
ization was not fully explained by externalizing problems. This
suggests that impulsivity and lack of attention to potentially dan-
gerous situations may be important factors influencing the risk of
being victim of violence, even among individuals who do not have
a history of conduct, abuse, or crime issues. Future research may
explore symptom domains and mechanisms that may underlie
this association and design interventions to target them.

Results from this study are in line with previous research,
which has found an overall increased risk of victimization of dif-
ferent type and severity among individuals with NDs, using data
from surveys (Brown-Lavoie et al., 2014; Dammeyer & Chapman,
2018; Fogden et al., 2016; Guendelman et al., 2016; McCauley
et al, 2015; Nixon et al, 2017; Ohlsson Gotby et al., 2018;
Weiss & Fardella, 2018; Wymbs et al., 2019). Considering previ-
ous and current evidence, mental health professionals should
carefully consider the risk of individuals with ND of being victim
of violence and help patients and their families to identify situa-
tions or behaviors that may be unsafe. However, these results are
partially in contrast to what has been reported by a recent Danish
study, which found that, after several adjustments, a diagnosis of
ND was not associated with a higher risk of violent victimization,
with the exception of women with ID (Dean et al., 2018). The
divergence in results may be explained by methodological
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differences, including the choice of not considering different NDs
separately and the use of data on police-reported crimes. In fact,
different data sources may capture different types of events. For
example, hospital and death records capture only victimization
events severe enough to require medical attention.

A number of limitations should be considered when interpret-
ing the results of the study. First, as mentioned above, we only had
data on clinical diagnoses of NDs and violent victimization from
medical and death records, which capture mainly more severe
cases, both for NDs and for violent victimization. Therefore,
our results might not generalize to less severe ND symptoms
and victimization events. In addition, it may be that individuals
with different NDs may be more or less likely to report violence,
due to the symptoms of the disorders. For example, communica-
tion difficulties typical of ASD may influence the likelihood of
seeking medical care or reporting being victim of violence.
Second, we could not investigate which symptoms of NDs (e.g.
for ADHD impulsivity v. inattentiveness) may be more strongly
associated with the risk of victimization because we did not
have access to information on disorder subtypes or manifesta-
tions, or symptom dimensions. Similarly, we could not differenti-
ate between different types of victimization events, as more
detailed data are not available or accurate. Third, data on CD,
SUD, and crime conviction may not be an optimal measure of
externalizing behaviors, due to underreporting. If this was the
case, the independent association between ADHD and violent vic-
timization may be overestimated. Future studies, with more com-
prehensive assessment of externalizing problems, may help to
elucidate the interplay between ADHD, externalizing problems
and victimization. In addition, although we interpreted the role
of externalizing problems as possible mediators of the association
between NDs and victimization, we did not restrict the timing of
externalizing problems (that is either the diagnosis of SUD or CD
or crime conviction) to occur after ND diagnoses, in order to use
all the available information from the different registers. This was
done because while it may happen that, for example, a diagnosis
of ADHD is given after a SUD diagnosis, this is likely to reflect a
delayed diagnosis of ADHD, as ADHD typically has its onset in
childhood, while SUD typically has its onset in adolescence or
early adulthood. In addition, childhood ADHD is recognized as
a risk factor for subsequent SUD (Biederman et al., 1997;
Groenman et al., 2013, 2017; Yoshimasu et al., 2012). Fourth,
although we excluded individuals who had a victimization event
before the start of the follow-up, there might be unrecorded
events due to, for example, later start of the outpatient register
(in 2001) and this may be an issue for the older individuals in
the cohort. In addition, we were not able to control for other
less severe events not recorded in healthcare registers, which
may be confounders of the association between NDs and violent
victimization, as they may be associated with an increased prob-
ability of both. While such events may be accounted for in the
analysis based on sibling-comparison, that is, adjusted for familial
factors shared by siblings, we cannot exclude that such factors
may also act at the individual level. Last, sibling-comparison
only accounts for part of the genetic influences, since siblings
share on average half of their co-segregating alleles. Therefore,
residual genetic confounding may explain at least part of the asso-
ciation between ADHD and violent victimization.

In conclusion, ADHD, but also ASD and ID in females, are
associated with increased risk of violent victimization throughout
adolescence and emerging adulthood. Therefore, mental health
professionals should take into consideration the vulnerability of

these patients to being victim of severe violence and ask about vic-
timization experiences, in order to provide appropriate support
and prevent secondary negative effects. The mechanisms explain-
ing the observed associations reflect in part a shared familial
liability, but also mediation via externalizing problems. In add-
ition, for ADHD, there might be an independent association
with violent victimization, which deserves further investigation
to clarify relevant symptom dimensions and mechanisms.

Supplementary material. The supplementary material for this article can
be found at https:/doi.org/10.1017/S0033291721003093
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