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Conduct disorder (CD) prior to age 15 is a precursor of
schizophrenia in a minority of cases and is associated with
violent behavior through adulthood, after taking account of
substance misuse. The present study used structural mag-
netic imaging to examine gray matter (GM) volumes among
27 men with schizophrenia preceded by CD (SZ+CD), 23
men with schizophrenia but without CD (SZ—CD), 27 men
with CD only (CD), and 25 healthy (H) men. The groups
with schizophrenia were similar in terms of age of onset and
duration of illness, levels of psychotic symptoms, and medi-
cation. The 2 groups with CD were similar as to number of
CD symptoms, lifelong aggressive behavior, and number of
criminal convictions. Men with SZ+CD, relative to those
with SZ-CD, displayed (1) increased GM volumes in the
hypothalamus, the left putamen, the right cuneus/precu-
neus, and the right inferior parietal cortex after controlling
for age, alcohol, and drug misuse and (2) decreased GM
volumes in the inferior frontal region. Men with SZ+CD
(relative to the SZ—-CD group) and CD (relative to the H
group) displayed increased GM volumes of the hypothala-
mus and the inferior and superior parietal lobes, which were
not associated with substance misuse. Aggressive behavior,
both prior to age 15 and lifetime tendency, was positively
correlated with the GM volume of the hypothalamus.
Thus, among males, SZ+CD represents a distinct subtype
of schizophrenia. Although differences in behavior emerge
in childhood and remain stable through adulthood, further
research is needed to determine whether the differences in
GM volumes result from abnormal neural development dis-
tinct from that of other males developing schizophrenia.
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violence/structural brain alterations

Many years ago, Lee Robins found that conduct
disorder (CD) was a precursor of schizophrenia' and
later confirmed this finding.>® Subsequent evidence
concurs. For example, a prospective investigation that
followed a birth cohort to age 26 determined that 40%
of the cohort members who developed schizophreniform
disorders had displayed CD prior to age 15.* The CD
modules of the Structured Clinical Interview for
Diagnostic and Statistical Manual of Mental (DSM)
disorders (fourth edition, DSM-I1V), SCID in short,
were designed to diagnose CD prior to age 15 among
adults.> Several studies have used this interview protocol,
some supplementing self-reports with information from
family members, school, social service, and justice files,
to diagnose CD among adults with schizophrenia.
Among men and women with schizophrenia in general
psychiatric services, the prevalence of CD prior to age 15
ranged from 20% to 45%,%7 with higher rates in samples
recruited from forensic hospitals and correctional
facilities.® CD is a precursor of schizophrenia, and it is
more common among people with schizophrenia than in
the general population.®

Among people with schizophrenia, CD prior to age
15 continues to be associated with antisocial and violent
behavior through adult life after taking account of past
and current substance misuse.®!> Among people with
schizophrenia,!®!*17 as in the general population,'® 2 those
who present CD in childhood commit a disproportionate
number of violent crimes. While some studies show that
positive symptoms are associated with aggressive behav-
ior even after taking account of CD,?! those with CD are
not distinguished from other patients with schizophrenia
by profiles of positive and negative symptoms.?
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Prospective investigations show that adults with
schizophrenia and prior CD (SZ+CD) displayed aggres-
sive behavior, psychotic-like experiences as children,?
and poor academic achievement.’ Retrospective stud-
ies report that adults with SZ+CD, as compared to
those with SZ-CD, obtained lower-than-average marks
in elementary school, failed to graduate from second-
ary school, abused substances in adolescence, and expe-
rienced physical abuse.***?” Criminality and substance
misuse are elevated among fathers and brothers of men
with SZ+CD, whereas rates of mental illness are similar
to that found among patients with SZ-CD. %2728

Among the non-mentally ill men, a small group present
CD from an early age, persistent antisocial and aggressive
behavior through adulthood, and abnormalities in brain
structure relative to healthy men.” 3’ Results of structural
magnetic resonance imaging studies (sSMRI) measuring
gray matter (GM) volumes are inconsistent regarding the
type (larger or smaller) and regions of abnormality.*>¥-7
Among men with SZ+CD, however, there no studies.’*¥
A few studies of brain structure have been conducted
among men with schizophrenia who display different ages
of onset and patterns of aggressive behavior, including per-
sistent aggressive behavior and poor response to antipsy-
chotic medication, no previous aggressive behavior and 1
violent offence, no aggressive behavior prior to onset fol-
lowed by persistent aggression, and finally the largest group
comprising those who show conduct problems from child-
hood that persist across their life span. The extant literature
1s limited and difficult to aggregate, but it does suggest dif-
ferences specific to each pattern of violent behavior.’¥ 3

Two studies examined male offenders with schizophre-
nia: one compared those with and without comorbid anti-
social personality disorder (ASPD), which requires, by
definition, CD prior to age 15;* and another compared
those with and without high psychopathy scores.* Both
included small samples and reported fewer neuropsycho-
logical deficits among the antisocial participants in tests
tapping the dorsolateral prefrontal and the orbital frontal
cortex (OFC) functions.*® A recent meta-analysis reported
that among persons with schizophrenia, those defined
very broadly as antisocial, as compared to the nonanti-
social, were characterized by lower intelligence quotients
(IQs) and memory dysfunction, whereas compared to
non—mentally ill antisocial participants, they exhibited
deficits in I1Q, attention, executive function, and memory.*

Among patients with schizophrenia, scores on the Life
History of Aggression (LHA) measure were associated
with increased diffusivity in the inferior frontal white mat-
ter and lower functional connectivity between the amyg-
dala and the ventral prefrontal cortex.” Diffusivity has
been associated with increased cerebrospinal fluid (CSF).#
Functional MRI (fMRI) studies of violent offenders with
schizophrenia observed decreased frontal basal activation
during a Go/NoGo task, increased activity in the motor,
premotor, and anterior cingulate regions among those
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with ASPD,*® and attenuated amygdala activation to fear-
ful faces among those with high psychopathy scores.*

Thus, among men with schizophrenia, at least one in five
people presents CD prior to age 15 and persistent antisocial
and aggressive behavior. Identifying distinctive subtypes
of schizophrenia may facilitate etiological research® and
inform the development of effective treatments for both
the illness and the antisocial and aggressive behavior.’!
Both schizophrenia® and CD*** are neurodevelopmental
disorders. In both disorders, from conception onwards,
combinations of genes, in addition and in interaction with
environmental events, are thought to modify brain structure
and function. Thus, we reasoned that when schizophrenia
develops in parallel with CD, neurodevelopment would be
distinct from both that associated with schizophrenia and
that associated with CD. We hypothesized that in adult-
hood, men with SZ+CD would show cognitive and struc-
tural brain abnormalities relative to healthy men, and both
similarities and differences relative to men with SZ-CD and
those with CD and no mental illness.

Almost all persons with childhood onset of CD and
persistence of antisocial and aggressive behavior in
adulthood also display childhood onset and persistent
pattern of substance misuse.”>’ This is true among
those with and without schizophrenia.?>?*2% Although
substance misuse is an integral part of a heritable
pattern of lifelong antisocial behavior,*® disentangling
the cognitive and structural abnormalities consequent
to substance use from those associated with persistent
antisocial and aggressive behavior is necessary to
understand the mechanisms underlying these behaviors.
However, neither statistical controls nor studying groups
of antisocial persons without substance misuse provide
an ideal solution to this problem.”® Further, prospective
studies indicate that heavy cannabis use in adolescence
may play a causal role in schizophrenia®®' by altering
brain development,®®* and 1 study has shown that
among persons experiencing a first episode of psychosis,
CD increased the likelihood of cannabis use before age
14.% In addition, histories of substance misuse that
can be obtained from middle-aged adults are imprecise
measures of different phenomena—past and current use
by type, combinations, and doses of substances. This led
us to obtain careful histories of use of substances and to
statistically control for group differences in use.

Four groups of men, with SZ+CD, SZ-CD, CD, and
no schizophrenia or history of CD (H), were compared on
sociodemographic, clinical, and forensic characteristics,
and their GM brain volumes were assessed using SMRI.

Method
Participants

The initial sample included men living in Germany, of
whom 71 were offenders and 52 nonoffenders. Offenders
with no history of CD were excluded. Participants with
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Table 1. Comparisons of the Sociodemographic, Forensic, and Clinical Characteristics of Men With Schizophrenia and Conduct
Disorder, Men With Schizophrenia and No Conduct Disorder, Men With Conduct Disorder, and Healthy Men

Group Comparisons (ANOVA or Chi-Square)
Bonferroni Adjusted (P < .003)

SZ+CD Healthy SZ-CD CD Post Hoc Tukey Tests
(n=27) (n=25) (n=23) (n=27) Statistics (Bonferroni)
Demographic characteristics
Mean age (years) 36.2+7.7 33.0+10.0 357%+8.7 36.0+79 F, =07, P=.532 NA
Mean years of education 9.5%+1.2 99%1.6 10.0x1.9 9.6x1.2 Fio =14, P=.226 NA
Clinical characteristics
Mean age at schizophrenia 24.9+6.9 NA 23.4+16.6 NA F =06, P=.432 NA
onset
Mean duration of illness  11.3£59 NA 12674 NA F =05, P=.497 NA
Mean score positive 13.6+4.8 NA 144+40 NA F 4=04,P=.531 NA
symptoms
Mean score negative 17.5£6.7 NA 17264 NA F1,4s =0.0,P=.872 NA
symptoms
Mean general 31.9+83 NA 313169 NA F, ,=0.1,P=.777 NA
psychopathology ’
Mean PANSS total score  63.7+17.2 NA 63.0t14.1 NA F =00, P =862 NA
Mean chlorpromazine units 577+296  NA 616+418 NA F, ,,=0.0,P=.975 NA
equivalents (mg/day) ’
Premorbid 1Q 101£15 109£13 102£13 10514 F =17, P=.175 NA
Antisocial behavior
Mean number of CD 7.1£3.3 1.0£0.8 1.2£0.8 6.3£2.5 F, =545, P <.001 SZ+CD, CD > H, SZ-CD
symptoms
Antisocial personality N=13 N=0 N=0 N=16 Yaon = 347, P <.001 NA
disorder (N) ’
Mean score life history of 24.6+11.2 11.2+4.3 9.5+34 23.0+8.1  F,,, =270, P<.001 SZ+CD, CD > H, SZ-CD
aggression (0-55)
Mean number of criminal 4.4£5.6 0.0£0.0 0.0£0.0 5.6+34 F, =164, P < .001 SZ+CD, CD > H, SZ-CD
convictions ’
Past substance misuse
Alcohol use disorders N=16 N=4 N=4 N=15 sz =179, P<.001 NA
Polysubstance dependence N =12 N=3 N=1 N=28 sz =13.7, P=.003 NA
Nicotine dependence N=19 N=14 N=14 N=16 Y = 1.3, P =734 NA
(DSM-1V: 305.10)
Cannabis abuse (DSM-1V: N =13 N=6 N=7 N=11 Aion = 3.9, P =278 NA
305.20) K
Hallucinogen abuse N=5 N=2 N=2 N=3 Y30 = 1.8, P =.626 NA
(DSM-1V: 305.30) ’
Sedative abuse (DSM-IV: N =2 N=0 N=1 N=2 Yaon = 2.0, P =.566 NA
305.40) ’
Opiate abuse (DSM-1V: N=6 N= N=3 N=5 Yaion = 3.9, P =277 NA
305.50) K
Cocaine abuse (DSM-1V: N =8 N=3 N=3 N=7 Yaion = 3-8, P =.290 NA
305.60) ’
Stimulant abuse (DSM-IV: N =8 N=1 N=4 N=4 Y = 0.2, P=.101 NA
305.70) ’
Mean score: MAST 8.6+6.3 3.5%£5.6 44+54 6.3+5.8 398 =39,P=.012 SZ+CD > H, SZ-CD
Mean score: DAST 10.6£6.1 2.9%5.1 4.5+4.7 8.4%7.3 =9.1, P <.001 SZ+CD, CD > H, SZ-CD

398

Note: SZ+CD, schizophrenia and conduct disorder prior to age 15; SZ-CD, schizophrenia and no conduct disorder; CD, conduct
disorder prior to age 15 and no schizophrenia; NA, Not applicable; PANSS, Positive and Negative Symptom Scale; MAST, Michigan
Alcohol Screening Test; and DAST, Drug Abuse Screening Test; DSM-1V, Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition; IQ, intelligence quotient.

schizophrenia were recruited from general and forensic
psychiatric services: 27 with CD prior to age 15 (SZ+CD),
and 23 with no history of CD (SZ-CD). Participants with
no Axis I or II diagnoses other than past substance use
disorders were recruited through general and forensic

psychiatric services, from prisons, and through advertise-
ments: 27 with CD prior to age 15 and 25 healthy (H) men.

As presented in table 1, the 4 groups were similar with
reference to their mean age and years of education. No
participant had a history of medical/ neurological illness
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or head injury resulting in loss of consciousness for more
than 30min. All participants were right-handed, with
1Q scores of 80 or higher on the multiple choice vocabu-
lary test (MWT-B).% Self-reports indicated that none
of the participants had consumed any substance in the
year prior to study entry. Urine tests were available for
22 of the 27 SZ+CD, 12 of the 23 SZ-CD, 23 of the 27
CD, and 6 of the 25 H men. Results indicated that 2 CD
participants were clean for the 6 months prior to testing
and all others for 12 months. All of the participants with
schizophrenia, except 1, were on antipsychotic medica-
tions: SZ+CD: 2 were on typical agents, 18 on atypical
agents, 7 on both typical and atypical agents, and none
were receiving other medications; SZ-CD: 11 were on
atypicals, 11 on both typicals and atypicals; and 1 was
also receiving benzodiazepines.

The study was approved by the Local Ethics Committee
and was carried out in accordance with the Code of
Ethics of the World Medical Association (Declaration of
Helsinki). After a detailed description of the study, writ-
ten informed consent was obtained from each participant.

Measures

Clinical Assessment. The SCID I and II° were adminis-
tered by an experienced psychiatrist trained to use these
instruments. Symptoms were assessed using the Positive
and Negative Syndrome Scale (PANSS)® by 2 clinicians
trained to use this instrument. The intraclass correla-
tion for positive symptoms was .771 and for negative
symptoms .823.

Aggressive Behavior. A semistructured interview, the
LHA,% assessed history of temper tantrums, verbal
assaults, property assaults, physical fights, and assaults.

Substance Misuse. The Michigan Alcohol Screening Test
(MAST)® and the Drug Abuse Screening Test (DAST-
20)% were completed by participants to provide scores for
lifetime use of alcohol and illicit drugs.

Criminal Convictions. Information on offending was
extracted from official criminal records. Violent crimes
were defined as parts 13, 16-18, and 20 of the German
penal code; all other crimes were defined as nonviolent.
In Germany, plea bargaining is rare.

MRI Data Acquisition

Brain images were acquired on a 1.5-T MRI system
(Siemens Sonata, Erlangen, Germany) using a 3D
T1-weighted sequence with the following parameters:
repetition time = 1900 ms; echo time = 3.93 ms; inversion
time = 800 ms; flip angle = 15°; 160 contiguous 1-mm
sagittal slices; field of view = 240x240mm;> matrix
size = 240 x 240; voxel size = 1.0 X 0.9 X 1.0 mm.
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Voxel-Based Morphometry

Data were processed and examined using the SPMS soft-
ware” and the voxel-based morphometry VBMS8 toolbox !
with default parameters. Images were bias corrected, tis-
sue classified, and registered using linear (12-parameter
affine) and nonlinear transformations (warping) within a
unified model.”> Subsequently, analyses were performed
on GM segments, which were multiplied by the nonlin-
ear components derived from the normalization matrix
in order to preserve the actual GM values locally (modu-
lated GM volumes). Importantly, the segments were not
multiplied by the linear components of the registration in
order to account for individual differences in brain ori-
entation, alignment, and size globally. Finally, the modu-
lated volumes were smoothed with a Gaussian kernel of
8 mm full-width-at-half maximum.

Statistical Analyses

Chi-square tests, one-way analyses of variance, and post
hoc Tukey tests were used to compare groups with ref-
erence to their sociodemographic, clinical, and forensic
characteristics using SPSS version 19.0 software.
Voxel-wise GM differences between SZ+CD men and
SZ-CD, CD, or H men and between H and the groups
SZ-CD and CD were examined using independent
sample ¢ tests, controlling initially for age, then for age
and MAST scores, and finally for age, MAST, and DAST
scores. In order to avoid possible edge effects between
different tissue types, we excluded all voxels with GM
values less than 0.1 (absolute threshold masking). For
all comparisons, a value of P < .05, false discovery rate
(FDR) corrected for multiple comparison, was applied.

Results

Comparisons of Participants With SZ+CD, SZ-CD,
CD, and Neither Schizophrenia Nor CD

As presented in table 1, the 2 groups of participants with
schizophrenia were similar in terms of age of onset and
duration of illness, scores for positive and negative psy-
chotic symptoms, and dose of medication measured in
chlorpromazine equivalent units. The 2 groups with CD
were similar in the mean number of CD symptoms prior
to age 15, scores for lifelong aggression, numbers of
criminal convictions, and proportions with a diagnosis of
ASPD. Although both the SZ+CD and the CD groups
had higher DAST scores than both groups without CD,
those with SZ+CD, but not those with CD, obtained
significantly higher scores for lifetime alcohol use than
either the H or SZ-CD participants. Diagnoses of past
polysubstance dependence and alcohol use disorders
were obtained by similar proportions of both groups with
CD, significantly more than those among the participants
without CD. Two of the participants with only CD and
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Table 2. Comparisons of Global Volume Measures (cm?®) of the 4 Groups of Men With Schizophrenia and Conduct Disorder, Men With
Schizophrenia and No Conduct Disorder, Men With Conduct Disorder, and Healthy Men

Group Comparisons (ANOVA) Bonferroni Adjusted

(P <.003)
SZ+CD Healthy SZ-CD CD Post Hoc Tukey tests
Global Volume Measures (n=27) (n=25) (n=23) (n=27) Statistics (Bonferroni)
Mean total brain volume + SD 1436111 1491£141 1502+103 1460111 F,,, =17, P=.172 NA
Mean total GM volume £ SD* 598 =30 614+44 594141 621129 F,,=33,P=.023 CD>SZ-CD
Mean total WM volume + SD* 628 £25 635+38 629+32 630+24 F,,, =02 P=.882 NA
Mean total CSF volume * SD* 243+20 220%28 246+ 32 217126 F,,,=80,P<.00l SZ+CD,SZ-CD>H,CD

Note: Following abbreviations are explained in the footnote to table 1: SZ+CD, SZ-CD, CD, NA; GM, gray matter; WM, white matter;

and CSF, cerebrospinal fluid.

*Volumes adjusted by brain size (ie, scaled by each individual’s total brain volume).

none of the other participants met the criteria for a drug
use disorder in the previous year.

Global Brain Volume

As presented in table 2, the 4 groups did not differ with
respect to total brain volumes. After adjusting for total
brain volume, the groups were similar with reference to
white matter volume and differed in their GM and CSF vol-
umes. Post hoc Tukey tests revealed that participants with
SZ—-CD showed smaller GM volumes than the CD men and
that both schizophrenia groups exhibited increased CSF
volumes compared to both groups without schizophrenia.

Whole-Brain Analyses

Table 3 presents the significant results of comparisons of
GM volumes of the SZ+CD men and the healthy and
SZ-CD men, initially without covariates, then covarying
for age, covarying for age and MAST scores, and covary-
ing for age, MAST, and DAST scores.

SZ+CD vs Healthy. As compared to the healthy men,
participants with SZ+CD exhibited increased GM vol-
ume in the hypothalamus, the right superior parietal
cortex (BA7), and parts of the cerebellum. As compared
to the healthy men, participants with SZ+CD exhibited
reduced GM volumes of the inferior, medial, and supe-
rior temporal lobes (BA20, 21, 22, and 38), the tempo-
roparietal junction (BA43), the bilateral inferior frontal
operculum (BA47), and the OFC (BA11).

SZ+CD vs SZ-CD. The SZ+CD participants, as com-
pared to those with SZ-CD, exhibited greater GM
volume in the right hypothalamus extending into the
mammillary bodies, the putamen, the left cuneus/precu-
neus (BA7, 31), and the inferior parietal cortex (BA7).
The SZ+CD participants exhibited no regions in which
GM volumes were reduced in comparison to the SZ-CD
participants.

SZ+CD vs CD. Men with SZ+CD exhibited no regions
in which GM volumes were increased as compared to the
CD participants. The SZ+CD participants exhibited vol-
ume decreases relative to CD in the inferior, medial, and
superior temporal lobes (BA20, 21, 22, and 38), the tem-
poroparietal junction (BA19, 39, 40), the parahippocam-
pal gyrus, the dorsolateral prefrontal cortex (BA9, 46),
the frontopolar regions (BA10), and the thalamus.

SZ-CD vs Healthy. As presented in table 4, the SZ-
CD participants exhibited volume decreases relative to
healthy men in the inferior, medial, and superior tempo-
ral lobes (BA20, 21, and 38), the parahippocampal gyrus
(BA28), orbitofrontal and superior frontal cortices (BA9,
47), the insula (BA13) a,nd the thalamus—in particular,
the mediodorsal and pulvinar nuclei.

CD vs Healthy. The CD participants exhibited volume
increases, relative to healthy men, in a large cluster includ-
ing the uncus and the superior temporal cortex (extend-
ing into the right amygdala and the right hypothalamus),
the temporoparietal junction (BA39, 40), the inferior and
superior parietal regions (BA2, 5, 7, 40), the posterior cin-
gulate (BA31), and the pre- and postcentral gyri (BA2, 6).

Post Hoc Analyses

Conjunction Analysis. In order to identify GM abnor-
malities that were similar in men with SZ+CD and CD,
a voxel-wise conjunction analysis,” corrected for multiple
comparisons (FDR) with a value of P < 0.05, was con-
ducted. The brain map provided in figure 1 illustrates all
voxels where GM volumes of SZ+CD were greater than
SZ-CD volumes and volumes of CD were greater than H
volumes. The set of voxels that met these criteria were not
associated with age, or the MAST or DAST scores and
were located in the hypothalamus (Montreal Neurological
Institute [MNI] coordinates: 6, 0, —10; z = 6.06; k = 699;
and MNI: -5,-2,-1; z = 4.59; k = 175), the right inferior
parietal cortex (BA40; MNI coordinates: 41, —48, 48;
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Fig. 1. Gray matter volumes associated with conduct disorder and aggressive behavior. At the center of the top panel in the cut out view
brain map, the foci of gray matter (GM) volumes that significantly distinguished the SZ+CD from the SZ-CD men and the CD from the
H men, after controlling for age, MAST, and DAST scores, are presented. These sets of voxels are located in the hypothalamus (HT), the
right inferior parietal cortex (IPL), and the left superior parietal cortex (SPL). Coordinates of clusters, as well as their sizes and peak z
scores are provided in the text. In the top panel, to the left and right of the brain map, the bar charts illustrate the associations between
GM volumes of the right and left hypothalamus, respectively, comparing (1) SZ+CD and SZ-CD and (2) CD and H. The bottom panel
presents the correlations among GM volumes of the left and right hypothalamus, the number of aggressive CD symptoms prior to age

15, and the mean score for lifetime fighting and assaults.

z = 4.02; k = 358), and the left superior parietal cortex
(BAS5,7; MNI coordinates: —29, 48, 61; z = 4.14; k = 431).

Correlation Analysis. A diagnosis of CD may be made
in the absence of aggressive behavior. Given the finding
of enlarged hypothalamic volumes among both SZ+CD
and CD men, and animal studies indicating that the
hypothalamus plays a prominent role in aggression,’
we undertook post hoc analyses to determine whether
hypothalamic volumes were specifically associated with
aggressive behavior. Aggressive behavior was assessed
by 2 items from the LHA (fighting and assaults), and
the total number of aggressive CD symptoms (bullies,
threatens, or intimidates others; initiates physical fights;
used weapon; physical cruelty to people; physical cruelty
to animals; stolen while confronting a victim). GM vol-
umes of brain clusters that varied as a function of CD
in the conjunction analysis were extracted by volume-of-
interest analysis (first eigenvariate) and associations with
measures of aggression were separately estimated for
men with and without schizophrenia using Spearman’s
rho rank correlation coefficient. As presented in figure 1

(bottom half), the GM volumes of the hypothalamus
were significantly correlated with the scores for fighting
and assault and the number of aggressive CD symptoms.

Discussion

SZ+CD men were characterized by a lifelong pattern of
antisocial and aggressive behavior, substance misuse, and
criminality. As compared to H, despite similar 1Q scores,
they displayed widespread abnormalities of GM vol-
umes. Compared to SZ-CD men and men with CD, they
showed both similarities and differences.

Relative to men with SZ-CD, those with SZ+CD
displayed increased GM volumes in the hypothalamus,
the left putamen, the right cuneus/precuneus, and the
right inferior parietal cortex, after controlling for age
and MAST/DAST scores; they also showed 1 region of
decreased GM volumes. Yet, these 2 groups of men with
schizophrenia were similar in terms of their levels of pos-
itive and negative symptoms at the time of testing, age
of onset and duration of illness, and dose and class of
antipsychotic medications.
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Among those with CD, relative to H, increased GM
volumes in a widespread network of temporoparietal and
subcortical regions, including the inferior and superior
parietal regions, the precuneus, the pre- and postcentral
gyri, the posterior cingulate as well as temporal and dor-
solateral prefrontal cortices, the left amygdala, the right
caudate, and the right hypothalamus, were detected after
controlling for age and MAST/DAST scores. Similar
abnormalities have been previously identified among
adult males displaying lifelong patterns of antisocial
behavior.’*37 To our knowledge, this is the first study to
report abnormal GM volumes of the hypothalamus in
antisocial males.

The SZ+CD men were similar to the men with CD in
terms of an early onset and persistence of antisocial and
aggressive behavior, substance misuse, criminality, and
increased GM volumes of the hypothalamus, the right
inferior parietal cortex, and the left superior parietal
cortex. Spatial impairments are evident by age 3 among
males whose antisocial and criminal behavior persists
into adulthood,” structural abnormalities of the parietal
lobes have been reported in boys with CD,*>35 and func-
tional abnormalities in male offenders with high psychop-
athy scores.’*’® The right hemisphere is dominant in the
first months and years of life, and atypical development
has been hypothesized to impair the child’s recognition of
mother’s facial expressions and consequent mother—child
interactions.”’

Among both the SZ+CD and the CD men, GM
volumes of the hypothalamus were positively associated
with aggressive behavior prior to age 15 and with lifetime
scores for fighting and assaults. Few studies of humans
have reported hypothalamic abnormalities associated with
aggression. Lower metabolism in the right hypothalamus
was observed in violent men with high LHA scores™
and children with gelastic seizures and hypothalamic
hamartomas present elevated rates of CD.” In rodents
and cats, stimulation of the hypothalamus leads to
aggressive behavior.*% The amygdala—hypothalamus—
periaqueductal gray system within the midbrain is
thought to mediate reactive aggression in response to
a real or perceived threat.’** This system is organized
hierarchically such that aggression evoked by stimulation
of the periaqueductal gray is not dependent on the
functional integrity of the amygdala.®** Moreover, fMRI
studies indicate that in contrast to healthy individuals,
people with schizophrenia,®* even those with high
psychopathy scores or ASPD,* show little activation in
the amygdala in response to threatening faces, reduced
connectivity from the amygdala to the precuneus and
parietal regions,* and reduced activation in the OFC and
basal regions during a Go/NoGo task.* Elevated scores
for lifelong aggression, assessed as in the present study
with the LHA, have been positively correlated with CSF
arginine vasopressin®® and negatively correlated with
brain serotonin levels,*” 5-hydroxytryptamine transporter
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platelet-binding  sites,®® reduced CSF oxytocin,¥
and, as noted, with reduced metabolism in the right
hypothalamus.” Thus, among men with SZ+CD and
those with CD, aggressive behavior may be associated
with dysfunction at the bottom of this neural circuit.”*!
Although much evidence has accumulated to show that
altered serotonergic functioning is associated with reactive
aggressive behavior, impulsive antisocial temperament
is associated with excess neurochemical and functional
engagement of the mesolimbic dopamine system in
response to reward.” Research in rodents suggests that
mesolimbic dopamine is critical for the expression of
aggression®* and that genetic manipulations that reduce
striatal dopamine clearance increase aggressive behavior.”
Increased striatal dopamine synthesis capacity predates
the onset of schizophrenia.”® Thus, abnormalities of
dopamine dysfunction in the striatum are associated with
both psychosis and impulsive antisocial behavior, and
future research is needed to determine whether they are
linked to structural abnormalities.

The SZ+CD participants, but not the CD participants,
displayed larger cerebellar volumes than the healthy
men. Similar increases have been reported in boys with
CD?¥ and male offenders with ASPD.*” Because antipsy-
chotic medications are associated with reduced cerebel-
lar volumes,” the increased volumes observed among the
SZ+CD men may have been even greater prior to treat-
ment. The cerebellum develops late and is particularly
vulnerable to environmental insults.”!'%

The participants with SZ+CD and CD also exhibited
reductions in GM volumes in specific regions, with both
groups showing reductions in the inferior frontal regions,
including the OFC, relative to the healthy men.323497.101.102
Abnormalities of GM volumes, both increases and
decreases, have been reported among children and ado-
lescents with CD32333336.103-105 and among adults with
ASPD,!%197 high psychopathy scores,*7-102108-110 a4
histories of criminal offense.” The results however, are
inconsistent. This may be due to the heterogeneity of
samples with respect to anxiety disorders that character-
ize approximately half of male offenders with ASPD,!'! a
large proportion of children with CD,* and proportions
who meet criteria for the syndrome of psychopathy.’*!!

Although this was a cross-sectional study of adult
men, the results may be best understood in a develop-
mental context. Aggressive behavior is as stable across
the life span as 1Q.!"*!"* Aggressive behavior prior to age
15 was associated with GM abnormalities among the
men with SZ+CD. Some of these alterations may have
occurred very early in life, leading to further abnormali-
ties in higher structures, while others resulted from subse-
quent brain insults. Early alterations to the hypothalamus
would affect the development of pituitary—adrenal func-
tioning, as well as connections with the limbic system and
related cortical regions. Maltreatment in childhood is
associated with high scores on the LHA in adulthood,!"



with CD,"¢ and with schizophrenia.''” The effect of mal-
treatment and other forms of pre- and postnatal stress on
the brain vary by genetic vulnerability, timing and dura-
tion of the trauma, and the presence of protective factors
such as secure attachment to parents.''$!"” Consequently,
although abnormality in the hippocampi are adult mark-
ers of maltreatment in childhood,'? the absence of such
abnormalities among the men with SZ+CD may simply
reflect the moderating effects of all, or some, of these
factors.

Limitations and Strengths of the Present Study

Among people with schizophrenia, GM volumes of vari-
ous structures are modified by antipsychotic medications,
illness duration and severity,”® cognitive treatment,'!
exercise,'?? and stress.'? In the present study, no informa-
tion was available on the latter 3 factors. Although the
use of alcohol and most, but not all, illicit drugs is asso-
ciated with reductions of GM volumes,'** the SZ+CD
men exhibited increased GM volume in regions associ-
ated with aggressive behavior. There was no evidence
that the group differences were associated with substance
misuse, consistent with a longitudinal study of patients
with schizophrenia, which reported that substance mis-
use was associated with increased CSF and decreased
cerebellar volume, but not with GM cortical volumes,
after controlling for follow-up duration, illness severity,
and lifetime antipsychotic treatment.’® The larger puta-
men among the SZ+CD men, as compared to SZ-CD
men, could be due to antipsychotic medications, as could
many of the reductions in GM volume observed in par-
ticipants with schizophrenia as compared to healthy
men.” If the SZ+CD and SZ-CD groups are genetically
distinct, all of these environmental factors may affect
their brains differently. Another limitation of the pres-
ent study was the retrospective measure of CD. However,
CD was assessed using a protocol developed for use with
adults to describe behaviors in childhood. Strengths of
the study include the relatively large sample. The SZ+CD
SZ-CD participants were closely matched with reference
to the age of onset and duration of illness, and dose and
type of medication. The SZ+CD participants were also
matched to the CD participants on the number of CD
symptoms, proportions who presented ASPD, and scores
for lifelong aggressive behavior. The MRI images were of
high resolution, optimized for discerning morphological
anomalies, and were analyzed using a fully automated,
whole-brain technique.

Conclusions

Men with schizophrenia and a prior history of CD
presented alterations in GM volumes distinct from other
men with schizophrenia and similar to those observed
among non—mentally ill men with CD. Men with SZ+CD

Schizophrenia Preceded by Conduct Disorder

present a challenge to clinical services. Identifying the
specific neurobiological mechanisms that underlie this
type of schizophrenia would allow for the development
of treatments that specifically target these mechanisms.
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