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Abstract

Structural brain alterations found in Autism Spectrum Disorder (ASD) have previously been very
heterogeneous, with overall limited effect sizes for every region implicated. In this study, we aimed at
exploring the existence of subgroups in ASD, based on neuroanatomic profiles; we hypothesized that effect
sizes of case/control difference would be increased in defined subgroups. Using the dataset from the
ENIGMA-ASD Working Group (n=2661), exploratory factor analysis (EFA) was applied on seven
subcortical volumes of individuals with ASD and controls to uncover the underlying organization of
subcortical structures. Based on earlier findings in ADHD patients and controls as well as data availability,
we focused on three age groups: boys (aged 4-14 years), male adolescents (aged 14-22 years), and adult
men (aged >=22 years). The resulting factor scores were used in a community detection (CD) analysis, to
cluster participants into subgroups. Three factors were found in each sample, with the factor structure in
adult men differing from that in boys and male adolescents. From the patterns in these factors, CD uncovered
four distinct communities in boys and three communities in adolescents and adult men, irrespective of ASD
diagnostic status. The effect sizes of case/control comparisons appeared more pronounced than in the whole
sample in some communities. Based on subcortical volumes, we succeeded in stratifying our participants
into more homogeneous subgroups with similar brain structural patterns. The stratification enhanced our
ability to observe case/control differences of subcortical brain volumes in ASD, and may help explain some

of the heterogeneity of previous findings in ASD.
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Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder, which is characterized by persistent
deficits in communication and social-emotional reciprocity combined with repetitive and stereotypical
behaviors and interests [1]. The worldwide prevalence estimate for ASD is around 1,4% [2-4], with an

estimated 3:1 higher prevalence rate in males than in females [5,6].

Structural brain alterations have been reported in ASD for several decades [7], with particularly lifespan-
stable alterations observed especially in the subcortical areas, though existing literature shows considerable
heterogeneity regarding the direction and size of subcortical alterations in ASD [8,9]. A number of studies
have shown enlargement of amygdala, especially in children with ASD [10-14], while other studies on a
wide age range of subjects reported either no differences [15-17] or a volumetric reduction of amygdala
volume in ASD [18,19]. Findings from cross-sectional studies on hippocampal status have not reached
consistency either. Increased and decreased hippocampal volumes have been found in ASD, irrespective of
age [10,15,18,20,21]. Overall enlargement of the striatum in individuals with ASD has been reported
compared to healthy controls [22-24]; however, notable inconsistencies also exist in this literature [9,25,26].
Similarly discrepant findings exist for the thalamus [24,25,27,28]. Recently, the ENIGMA-ASD Working
Group conducted a large-scale case/control mega-analysis based on 51 existing datasets and reported
individuals with ASD to have smaller subcortical volumes in the pallidum, putamen, amygdala, and nucleus

accumbens [29]. However, all effect sizes observed within this large sample were small.

We expect that these limited effect sizes may be due to the heterogeneity of neuroanatomical profiles that
exists within both the clinical and general population. Earlier clustering studies have shown that it was
possible to stratify a population based on their neuroanatomical profiles, which increased the power to detect
case/control differences within each subgroup [30]. Similarly, our recent findings from the ENIGMA-
ADHD Working Group also showed distinct subgroups based on subcortical brain patterns present in male
participants with and without ADHD [31]. Rather than expecting to find consistent anatomical alterations
across the entire ASD population, it may therefore be more reasonable to first stratify both subjects with
ASD and healthy controls into more homogeneous subgroups based on their neuroanatomical profiles, and

subsequently investigate ASD diagnostic group differences within each subgroup.
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Here, using subcortical brain volume data from the ENIGMA-ASD Working Group, we applied exploratory
factor analysis (EFA) and community detection (CD) to explore the existence of more homogeneous
subgroups in participants with and without ASD. We expected that similar subgroups should be observed
within cases and controls, and that the effect sizes of case/control comparisons in these subgroups would be

increased within each subgroup.

Materials and methods

Participants and ASD assessment

The analyzed magnetic resonance imaging (MRI) data in the current study come from the ENIGMA-ASD

Working Group (http://enigma.ini.usc.edu/ongoing/enigma-asd-working-group). Full details about the

international ENIGMA-ASD Working Group sample have been described before [29]. The working group
implemented a data freeze in July 2018, at which point 1,353 patients with ASD and 1,308 healthy controls

were included.

Based on earlier findings in subjects with ADHD, we expected sex difference in subcortical brain volumes
organization [31], and given the limited data availability in females (only 145 girls, 45 female adolescents,
and 33 women with ASD in ENIGMA-ASD cohort), we decided to only focus on male participants in the
current study. We subdivided the full cohort into three subsamples based on age, a subsample comprised of
772 boys with ASD and 733 healthy controls (aged 4-13 years), a subsample of 360 male adolescents with
ASD and 321 healthy controls (aged 14-22 years), and a subsample of 221 adult men with ASD and 254
healthy controls (aged >22 years). Information on the cohort and the subsamples in the current study is

presented in Table 1 and Table S1.

Neuroimaging Segmentation

Structural T1-weighted brain MRI scans were collected at the various contributing sites. The MRI data were
segmented using standardized ENIGMA imaging protocols based on FreeSurfer version 5.3

(http://enigma.ini.usc.edu/protocols/imaging-protocals/). Given the importance and stability of subcortical

brain alterations in ASD as well as the need to limit the degrees of freedom to reach robust results, we
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selected the seven subcortical structures from the previous ENIGMA-ASD study for the current study. For
each participant, the mean of the 7 subcortical volumes for two hemispheres were used for the analyses. The
subcortical volumes were regressed with age, age”2, intracranial volume (ICV), and cohort site in the whole
ENIGMA-ASD cohort for children and the rest of participants separately to allow for non-linear patterns of

subcortical brain volumes across age.

Factor Analysis

We performed exploratory factor analysis (EFA) to uncover the latent structure underlying the subcortical
brain, and reduce the input variables to a more parsimonious model consisting of fewer factors than the total
number of subcortical volumes. Following our previously established analysis pipeline [31], covariance
matrices and squared multiple correlation were built as prior communality estimates for each subject over
all subcortical volumes. Subsequently, maximum likelihood method and oblique rotation were applied to
extract factors in the EFA. If the loading on the factor was 0.40 or more, a variable would be loaded on one
factor. Model fitness was evaluated by Tucker Lewis Index (TLI), Bayesian information criterion (BIC),
and the root mean square error of approximation (RMSEA). Given the EFA generated differential model
outcome in the adult males as compared to the boys and adolescents, Confirmation Factor Analysis (CFA)
was applied to test whether the factor structure generated in adult men was superior to that of the factor
structure observed in the other two subsamples. This was done by evaluating Comparative Fit Index (CFl),
TLI, BIC, and RMSEA between the resulting models. The analyses were conducted in R programming

v3.6.2 using the ‘psych’ package.

Community Detection (CD)

To identify distinct subgroups of participants based on factor scores generated from subcortical volumes,
we utilized community detection (CD) [32,33]. Based on the normalized factor scores, n x n weighted,
undirected networks were built to obtain distance information among participants. Then, we performed a
weight-conserving modularity algorithm to identify distinct communities of participants in each network
[30,33]. The algorithm sorts iteratively nodes (participants in this study) into communities until the

modularity (Q) reaches maximum to find the optimal partition. The variation of information (VOI) was
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calculated to assess robustness of community structure. VOI indicates the variance between the original and
perturbed networks over a range of alpha, which ranges between 0 and 1 [34]. The CD analyses were

performed in Matlab [33].

Statistical Analysis

Descriptive statistics of age and estimated intelligence quotient (1Q) were compared between individuals
with and without ASD, using independent-samples t-test or Analysis of Covariance (ANCOVA). Chi-square
test was used to check whether the distribution between communities differs for ASD cases and controls at
each age bin. Within each sample, we compared subcortical factor scores and subcortical brain volumes
between individuals with ASD and healthy controls using a t-test in each subgroup. Multivariate analysis of
variance (MANOVAs) was applied to test which grouping (brain-based subgroup or ASD diagnosis group)
showed a main effect on subcortical brain volumes in each subsample. False discovery rate (FDR) correction
was used to correct for multiple comparisons of case-control differences within communities in the factor
scores and subcortical volumes, separately in each age bin. All analyses were performed in IBM SPSS

Statistics 25.

Results

1. Participant characteristics

Demographic information about the three subsamples in current study is presented in Table 1. There were
no case/control differences in age in each subsample after regressing the effect of cohort site (boys: t = -1.2,
Padjusted = 0.46; male adolescents: t = 0.97, Padjusted = 0.53; adult men: t = 1.29, Padgjused = 0.42). Case/control
differences in 1Q were significant in each sample, with participants with ASD showing lower 1Q than
controls (Boys: F = 45.1, df = 1, pagjustea = 8.8e-10; male adolescents: F = 26.5, df = 1, padjusted = 5.8€-06;

adult men: F =17.7, df = 1, padjusted = 2.6€-04).

2. EFA on subcortical volumes

2.1 EFAin boys
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EFA was applied to the residualized subcortical volumes in boys with and without ASD separately and
together, which resulted in the similar factor structure. Three eigenvectors were extracted from the
covariance matrix (Model fitness: TLI = 0.95, BIC = 1.94, RMSEA = 0.07). The first eigenvector is
comprised of the volumes of caudate nucleus, globus pallidus, nucleus accumbens, and putamen. The second
eigenvector included the hippocampus and amygdala, and the third eigenvector only included the thalamus.
We interpreted them as ‘basal ganglia’, ‘limbic system’, and ‘thalamus’ (Figure 1, Figure S1). The three

eigenvectors accounted for 30%, 16%, and 9% of the total shared variance, respectively.

2.2 EFA in male adolescents

EFA was next performed in male adolescents, including both participants with and without ASD. The same
three eigenvectors as in boys were extracted (Model fitness: TLI = 0.94, BIC = -3.72, RMSEA = 0.08)
(Figure 1, Figure S1). The proportion of variance accounted for by each eigenvector was 28%, 20%, and

12% of the total shared variance, respectively.

2.3 EFA in adult men

In the subsample of adult men, EFA resulted in a different factor structure from that observed in boys and
male adolescents (Model fitness: TLI = 1.01, BIC = -16.99, RMSEA = 0.00). The volumes of caudate
nucleus, globus pallidus, and putamen loaded on the first eigenvector, which was interpreted as “basal
ganglia”; The second eigenvector comprised the nucleus accumbens, hippocampus, and amygdala, which
we named “limbic system-accumbens”; the third eigenvector only included the thalamus (Figure 1, Figure
S1). The three eigenvectors accounted for 28%, 21%, and 12% of the total shared variance. The factor
structure with nucleus accumbens loading on the second eigenvector was superior compared to the factor
structure observed in boys and male adolescents (Model fitness: CFI= 0.70, TLI = 0.47, BIC = 48570.5,
RMSEA = 0.24 compared to CFI=0.59, TLI = 0.28, BIC = 48688.2, RMSEA = 0.28; chi square difference

=117.69, Padjusted = 1.1e-14).

3. CD in each sample based on subcortical factor scores

3.1 CD in boys
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The CD algorithm was first performed on the subcortical factor scores in boys (with and without ASD).
Four distinct communities were generated, each comprising between 22.9% and 26.7% of the sample and
containing boys with and without ASD (Figure 2; Table 2). Community 1 was characterized by increased
volume of the basal ganglia and limbic system, but a smaller thalamus compared to the average volume of
the whole sample. Community 2 showed a smaller basal ganglia and limbic system, but larger thalamus.
Community 3 had a larger volume in the limbic system, but smaller basal ganglia, compared to the average
volume. Community 4 had a larger basal ganglia, and smaller limbic system and thalamus compared to the

average volume.

3.2 CD in male adolescents

CD in male adolescents resulted in three communities. Each community accounted for 27.0% to 44.8% of
the sample. No participants were present in the equivalent of Community 3 from the CD analysis in boys
(Figure 2, Table 2). The three remaining communities had quite similar features to the equivalent
communities in boys. Community 1 was characterized by increased volumes of the basal ganglia and limbic
system above the average volume, but with a smaller thalamus. The volume of basal ganglia and limbic
system were smaller than average, but the thalamus had a larger volume in Community 2. Community 4

showed a larger basal ganglia, but smaller limbic system and thalamus than average in the adolescents.

3.3 CD in adult men

In adult men, CD revealed three communities with the proportion of participants from 21.3% to 48.8% of
the sample. The equivalent of Community 3 in boys was absent (Figure 2, Table 2). In Community 1, the
basal ganglia and limbic system-accumbens had increased volumes compared to the average level over all
groups, but the thalamus was smaller. Community 2 had a reduced volume of the basal ganglia, but a larger
thalamus than average. The volume of basal ganglia in Community 4 was increased compared to the average
volume, but the limbic system-accumbens and thalamus were smaller than average.

In all three CD analyses, the quality index (Table 2) and VOIs (Figure S2) indicated that these communities
significantly differed from random networks, and the networks were robust against chance variation. In this

way, the VOI analysis can be viewed as an internal replication method, showing that the CD results do not
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change when a random part of the sample is perturbed. There were no significant differences in the
distribution of ASD cases and controls between communities at each age bin ( Boys: Chi square = 10.6, df
= 3, Padiusted = 0.08; Male adolescents: Chi square = 3.3, df = 2, pagjustea = 0.41; Adult men: Chi square = 2.5,

df = 2, Padjusted = 0.49). The distribution of cases and controls in each cohort is presented in Table S2-4.

4. Case/control comparison of subcortical factor scores in ASD

We examined whether individuals with ASD showed altered subcortical factor scores from healthy controls,
first in each age group and then in each community separately. The results, as presented in Table 2 and
Figure 2, indicate that boys with ASD had smaller basal ganglia than healthy controls in Community 3 (t =
-5.6, Padjusted = 1.0e-06, d =-0.63, 95% Cls [-0.86, -0.41]). For the limbic system, boys with ASD compared
to healthy controls showed increased volume in Community 1 (t = 3.1, Padjusted = 0.01, d = 0.30, 95% Cls
[0.11, 0.49]), but reduced volumes in Community 2 and 3 (Community 2: t = -5.9, Pagjusted = 1.4€-07, d = -
0.56, 95% Cls [-0.75, -0.37]; Community 3: t = -4.4, Pagjusted = 1.6€-04, d = -0.50, 95% Cls [-0.73, -0.27]).
In Community 3, boys with ASD had a larger thalamus than healthy controls (t = 4.5, padjusted = 1.3€-04, d =
0.51, 95% Cls [0.28, 0.74]). In the sample of male adolescents and adult men, two case/control differences
were found each, but did not survive FDR correction.

In Table S5-S7, we present case/control comparisons for each individual subcortical brain volume in the
whole sample and each community. We observed several significant case/control differences within
communities: eight case/control comparisons in boys and three in male adolescents survived FDR
correction. The effect sizes ranged from d = -0.84 (95% Cls [-1,07, -0.60]) to d = 0.37 (95% Cls [0.14,
0.59]) within communities, which were more pronounced than those in the whole subsample in which effect
sizes d ranged -0.29 (95% Cls [-0.44, -0.13]) to 0.04 (95% Cls [-0.14, 0.22]). MANOVA:s indicated that the
communities accounted for more variance in subcortical brain volumes than ASD diagnosis in each
subsamples ( Boys: Communities: F(21,4467) = 147.8, Padjusted = 1.1€-14; ASD diagnosis: F(7,1487) = 0.95,
Padjusted = 0.69; Male adolescents: Communities: F(14, 1332) = 113.7, Padjusted = 1.1e-14; ASD diagnosis: F(7,
665) = 4.38, Padjusted = 6.5€-04; Men: Communities: F(14, 920) = 3.12, padjusted = 6.4€-04; ASD diagnosis:

F(7,459) = 0.83, Pagjusted = 0.74).

Discussion
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In this study, we aimed to dissociate subgroups of ASD participants based on neuroanatomic profiles of
subcortical structures. We hypothesized that effect sizes of case/control differences would be larger within
each subgroup. In our exploratory factor analysis (EFA), we found that the latent structure of subcortical
volumes is comprised of three factors, which remain largely stable across the lifespan and are identical in
those with and without ASD. Among them, we discerned four distinct communities in boys and three in
male adolescents and adult men. Within several of the communities, effect sizes of case/control differences

in neuroanatomical volume were much stronger than the average differences across the whole sample.

In the samples of boys and male adolescents, the same three-factor structures - basal ganglia, limbic system,
and thalamus were observed based on their subcortical brain volume distribution in healthy controls and
participants with ASD taken together. In adult men, the three-factor structure was slightly different; nucleus
accumbens loaded onto the second factor, which we named ‘limbic system-accumbens’, instead of the
limbic system factor. These structural patterns of subcortical brain volumes were found regardless of
diagnostic status in those with and without ASD, which indicates that no qualitative differences in
subcortical brain organization exist in ASD. The factor structures are largely in line with previous smaller
scale studies looking at subcortical brain organization. One previous study using 322 healthy adults (age
range 65-85 years) reported three clusters based on cortex and subcortical structures, with one cluster
comprising of basal ganglia (caudate, putamen, and pallidum) and a second cluster including nucleus
accumbens, amygdala, hippocampus and thalamus; cortical lobes were in the third cluster [35]. A study on
404 healthy adults (age range 51-59 years) indicated that subcortical brain volumes could be partitioned into
three factors: basal ganglia/thalamus, nucleus accumbens, and a limbic factor [36]. In a recent study of the
ENIGMA-ADHD Working Group, we found identical subcortical factor structure as in the current analysis
- basal ganglia, limbic system and thalamus - existed in boys and adult men, which was irrespective of
ADHD diagnosis and age [31]. Nucleus accumbens receives direct glutamatergic inputs from amygdala and
hippocampus, and the nucleus accumbens shell may be regarded as a part of the extended amygdala [37];
this may explain why the nucleus accumbens loads on either the basal ganglia or the limbic factor in the

current study. The variation of the factor structure between age groups observed in the current study, in

10
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which we used a lifespan approach, may suggest that the correlation between subcortical structures changes

slightly during maturation, as has also been suggested previously [38].

Using CD analysis, each of the three subsamples could be stratified into similar subgroups with more
homogeneous neuroanatomic patterns. Four communities were observed in boys, three were seen in the
samples of male adolescents and adult men, irrespective of ASD status and age; The CD results indicated
that the heterogeneity in subcortical brain volumes is nested within normative variability, with different
neuroanatomic communities existing in both controls and patients [39]. Importantly, the observed
community structure is highly consistent with our recent findings in the ENIGMA-ADHD Working Group
[31]. The fact that we observe not only a similar factor structure, but also similar community structure in
that sample greatly supports the robustness of our current analysis. In fact, the CD results in the ENIGMA-
ADHD control group can be viewed as an independent, external validation of the currently observed
community structure. This also allows us to investigate where subjects with ADHD and ASD show
differences in their community structure. In the current analysis, Community 3 disappeared in adolescents
and men. In the ENIGMA-ADHD analysis, we also observed that Community 3 was absent in healthy men,
but not in men with ADHD. This reduction of subgroups from four in the subsample of boys to three in the
male adolescents and adult men may be related to structural brain maturation over age, leading to less

diversity in the organization of subcortical volumes in the population [40].

In the current study, analyzing case/control differences within communities indicated substantially larger
effect sizes as compared to the previous study on the entire sample without stratification [29]; interestingly,
case/control differences are not consistently present in each factor in each community. For example, boys
with ASD have increased volume of the limbic system in Community 1, but smaller volume in Community
2 and 3 compared to healthy controls. The substantially larger effect sizes within subgroups suggest that
neuroanatomically based subgroups may exist within the entire population, and that distinct/alternative
ASD-related anatomical alterations may be present in different subgroups. An important consequence of
these findings is that there might not be a single neuroanatomical risk profile for ASD. Instead, the altered
brain structures associated with ASD may be dependent on both the age and the neuroanatomical subgroup

of an individual. The results also may explain some subcortical heterogeneity found in previous studies, as

11
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previous smaller studies may have accidentally recruited a disproportionately higher number of any specific
subgroup, which may result in observed contradictory subcortical alterations in ASD [41]. In the current
study, the brain-based ASD subgroups accounted for more variance of subcortical brain volumes than just
the ASD diagnostic groups. However, because we did not have available to us deep phenotypic information,
we could not further characterize the clinical presentation of our brain-based subgroups. Therefore, we
cannot entirely rule out the existence of confounding factors that may be related to the neuroanatomical

profiles observed in the different communities.

This work has to be viewed in light of several strengths and limitations. Using the MRI dataset from the
ENIGMA-ASD Working Group, we had a large sample size, which allowed us to explore underlying
structural pattern and subgroups in ASD across the lifespan; however, as mentioned previously, the limited
availability of demographic information precluded our ability to explore whether brain-based communities
are linked to the clinical presentation of ASD. Moreover, in the current study, we only had sufficient power
to run the analysis in male participants. Previous studies have reported sex differences in subcortical brain
volumes [42], and different underlying subcortical organizations were reported in females from ENIGMA-
ADHD cohort [31]. Given that sex-based differences in neuroanatomy are a central topic in ASD [43,44],
further analysis including females may help us elucidate the association between neuroanatomical

organization and the specific etiology of ASD in females.

In conclusion, using subcortical brain volume data from the ENIGMA-ASD Working Group, we were able
to stratify subjects with and without ASD into more homogeneous subgroups based on underlying
neuroanatomic organization. Our results indicate that this stratification may enhance our ability to observe
case/control differences and may explain some of the contradictory results observed in previous, smaller

studies of brain structure in ASD.
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Table 1: Information on the three subsamples of the ENIGMA-ASD Working Group dataset

Variables Boys Male adolescents Adult men
Patients Controls Patients Controls Patients Controls
N 772 733 360 321 221 254

Mean Age (SD)  10.5(2.8)  10.6(2.5)  18.0(20) 17.9(20) 31.7(94)  30.7(8.1)
Mean 1Q(SD)  103.9 (19.5) 111.0(15.5) 105.4(17.8) 111.8(12.4) 109.7 (14.9) 115.1 (11.6)

Note: SD: Standard deviation; 1Q: intelligence quotient
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Table 2: The percentages of participants in each community of the three subsamples

Sample Total Patients Controls
Boys (N) 1505 772 733
1 381 (25.3%) 221 (28.6%) 200 (27.3%)
2 402 (26.7%) 204 (26.4%) 240 (32.7%)
3 345 (22.9%) 193 (25.0%) 129 (17.6%)
4 377 (25.0%) 154 (19.9%) 164 (22.4%)
Q values 0.45 0.46 0.43
Male Adolescent (N) 681 360 321
1 184 (27.0%) 105 (29.2%) 105 (32.7%)
2 305 (44.8%) 159 (44.2%) 143 (44.5%)
4 192 (28.2%) 96 (26.7%) 73 (22.7%)
Q values 0.47 0.48 0.48
Men (N) 475 221 254
1 142 (29.9%) 60 (27.1%) 75 (29.5%)
2 232 (48.8%) 104 (47.1%) 119 (46.9%)
4 101 (21.3%) 57 (25.8%) 60 (23.6%)
Q values 0.44 0.47 0.44

Note: Q values: the quality index of modularity
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Table 3: Case/control Comparison of subcortical factor scores in ASD

Community Basal ganglia Limbic system Thalamus
Mean factor scores sale  Adiusted Cohen’s d Mean factor scores ovale  adiusted Cohen’s d Mean factor scores ovale  adiusted Cohen’s d
Patients  Controls p value (95% Cls) Patients  Controls p value (95% Cls) Patients  Controls p value (95% Cls)
o (_8'53?) (gigi) e (-o.ig 0 3.03) (_c?.é)?l) (822%) Uam | Wik (-o.ig 0 3.07) (8:%) (87081) i R (-0.0%%.13)
1 (8%) (8:22) 033 053 (-0.2-8 ! 8.10) (8235) (8223) 2.0e:03 0.0 (0.12'-3 3.49) (ggf) (ggg) 041 062 (-0.191'(-)%.24)
& (-8'755?) (87687) i s (-o.o(i'%%.as) (-8'7651) (-8'723 e (-0.7-50'-5%.37) (82?8) (8:%) v (-0.2-2 0 ?).17)
3 (§§§) ((?725?) 5.2¢-08  1.0e-06 (-0.8?-6?6.41) (8228) (8222) 15e05  1.7e-04 (-0.7§l53).27) (8:5) ((())6282) 11e05  1.3e-04 (o.zg? %).74)
4 (8223) (822%) i (-0.1%(-)%.27) (-c()).ég) (-c()).gf) e (-0.0%%.40) (gf?g) ((())gf?) S s (-0.2-3 0 ?).17)
Male 000 000 . Lo 5.7¢-18 000  0.00 Lo Lo 2 26-16 000 0.0 Lo Lo 6.56-17
adolescents*  (0.91)  (0.93) (0.15-0.15) (091)  (0.90) (-015-015) (095  (0.82) (-0.15 - 0.15)
1 (8%;) (8:;12) 002 009 (-0.63-3%.05) (8222) (8:%) 0.02- 010 (0.02'-3 3.59) (87477) (85571) 0.68 081 (-0.2%(-)60.33)
2 (_8'329) (ggs?) oy 02z (-o.o%?lo.44) (_8.'72; (-8§5O) bie | 02 (-o.z_g 0 8.17) (gigg) (8:?(2)) wzg | e (-0.1%%20.35)
4 (8222) (8?2) 067 081 (-0.3_5J 0 2.24) (87591) (_8'7459) 089~ 0.94 (-o.ég 0 3.28) (_3'745) ((?72;)) 006 0.20 (—0.6(()).%%.01)
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Continued

Community Basal ganglia Limbic system-Accumbens Thalamus
Mean factor scores P adeSted Cohen’s d Mean factor scores P adjusted Cohen’s d Mean factor scores P adjusted Cohen’s d
Patients  Controls value p value (95% Cls) Patients  Controls value p value (95% Cls) Patients  Controls value p value (95% Cls)
Adult Men* (8:82) (8282) to 10 (-0.21'36-%.718) (8:gg) (8:gg) to 10 (-O-.Zlge-}-(:)L.618) (8222) (gigg) to 10 (-oéige-_gls)
L (gigg) (823‘11) D (-0.2%%10.46) (8232) (8228) il (-o.A:g ! 3.22) (ggg) (8223) e (-0.7-50'-4-(()).05)
2 (ggg) (87662) 081 090 (0380 3.23) (8232) (ggf) 011 030 (-0.005.?20.48) (8222) (8223) 008 024 (-0.3:2 0 3.22)
4 (8:25) (gigg) e (-o.z;g 0 8.29) (c?gg) (-8'652) il B (-o.ég ! 8.21) (c?g:) (-c?.gs?) e (0.08'fl ((5).82)

Note: Adjusted p value : adjusted p value: FDR-correction in factor scores across age groups. Significant difference in bold. 95% Cls: 95% Confidence intervals. * Community 3 is absent in male adolescents and adult
men, because no healthy controls were loaded using CD.
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Figure 1: The three-factor model that was generated by EFA. A boys. B: male adolescents. C: adult men.
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Figure 2: Subgroups generated by CD. A boys. B: male adolescents. C: adult men. Note: Lines represent participants

in each community from CD. Y-axis indicates the mean factor scores for each factor. Error bars: standard error of the mean. *indicates

case/control differences of subcortical factor scores are significant.
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