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Two distinct subtypes of obsessive compulsive disorder
revealed by heterogeneity through discriminative analysis
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Abstract

Neurobiological heterogeneity in obsessive compulsive disorder (OCD) is under-
studied leading to conflicting neuroimaging findings. Therefore, we investigated
objective neuroanatomical subtypes of OCD by adopting a newly proposed method
based on gray matter volumes (GMVs). GMVs were derived from T1-weighted ana-
tomical images of patients with OCD (n = 100) and matched healthy controls (HCs;
n = 106). We first inquired whether patients with OCD presented higher inter-
individual variability HCs in terms of GMVs. Then, we identified distinct subtypes of
OCD by adopting heterogeneity through discriminative analysis (HYDRA), where
regional GMVs were treated as features. Patients with OCD presented higher inter-
individual variability than HCs, suggesting a high structural heterogeneity of OCD.
HYDRA identified two distinct robust subtypes of OCD presenting opposite neuroan-
atomical aberrances compared with HCs, while sharing indistinguishable clinical and
demographic features. Specifically, Subtype 1 exhibited widespread increased GMVs
in cortical and subcortical regions, including the orbitofrontal gyrus, right anterior
insula, bilateral hippocampus, and bilateral parahippocampus and cerebellum. Subtype
2 demonstrated overall decreased GMVs in regions such as the orbitofrontal gyrus,
right anterior insula, and precuneus. When mixed together, none of patients pres-

ented significant differences compared with HCs. In addition, the total intracranial

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Human Brain Mapping published by Wiley Periodicals LLC.

Hum Brain Mapp. 2022;43:3037-3046.

wileyonlinelibrary.com/journal/hbm 3037


https://orcid.org/0000-0001-7331-0315
https://orcid.org/0000-0002-4264-6374
https://orcid.org/0000-0002-6996-329X
mailto:shaqianghan@163.com
mailto:zzuzhangyong2013@163.com
mailto:fccchengjl@zzu.edu.cn
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/hbm

2 | WILEY

HAN ET AL

KEYWORDS

1 | INTRODUCTION

It is a generally accepted notion that obsessive compulsive disorder
(OCD) is a highly heterogeneous disorder reflected in its diversity
of symptoms and treatment responses (Alexander, Delong, &
Strick, 1986; McKay et al., 2004). Although OCD is characterized
by obsessions and compulsions, OCD symptoms present high inter-
individual heterogeneity. To handle this heterogeneity, OCD is fur-
ther divided into various subtypes, such as washing and checking in
clinical practice (Mataix-Cols et al., 2004). Despite the great suc-
cess, subtypes based on symptomatology often share overlapping
patterns of aberrance (Ravindran et al., 2020; Yoo et al., 2008),
have a vague diagnostic threshold in terms of how to handle sub-
threshold symptoms, and have low sensitivity (Okada et al., 2015).
Moreover, there is no universally accepted taxonomy (McKay
et al., 2004). The high heterogeneity obscures the discovery of bio-
markers indicative of precision diagnosis and treatment (Chand
et al., 2020). Recently, instead of attempting to subtyping patients
based on symptom presentation, researchers turn to identify sub-
types using objective neuroanatomical data such as structural mag-
netic resonance imaging (MRI; Abi-Dargham & Horga, 2016; Chand
et al,, 2020).

Previous neuroimaging studies have mainly adopted binary case-
control strategies to probe abnormal neuroanatomy in OCD. These
studies identified brain structural aberrance in distributed brain
regions, such as the medial frontal gyrus, middle temporal lobe, ante-
rior insula, and anterior cingutate cortex (Endrass, Klawohn,
Schuster, & Kathmann, 2008; Kwon et al., 2003; Menzies, Williams,
et al., 2008). Although the cortico-striato-thalamo-cortical circuit is
widely accepted as the core circuit of OCD, the heterogeneity ham-
pers reaching validated findings for application to clinical diagnosis,
and treatment of OCD (Bokor & Anderson, 2014). Subtypes of OCD
are accompanied by distinct genetic characterizations, comorbidities,
and treatment responses (Mataix-Cols et al, 2004; McKay
et al., 2004; Starcevic & Brakoulias, 2008). Moreover, neuroimaging
studies have shown reduced, increased, and even no differential gray
matter volumes (GMVs) in patients with OCD (Lazaro et al., 2011;
Okasha et al., 2000). In clinical practice, OCD is subjectively sub-
divided into subtypes according to symptom representation, because
this is no universally accepted taxonomy (McKay et al., 2004).
Although studies with dimensional approach demonstrate that obses-

sive dimensions are mediated by distinct neural systems and

volume of Subtype 2 was significantly correlated with the total score of the Yale-
Brown Obsessive Compulsive Scale while that of Subtype 1 was not. These results
identified two distinct neuroanatomical subtypes, providing a possible explanation for
conflicting neuroimaging findings, and proposed a potential objective taxonomy con-

tributing to precise clinical diagnosis and treatment in OCD.

gray matter volume, heterogeneity, machine learning, OCD, subtypes of OCD

correspond to distinct neuropsychological deficits (Di Paola
et al., 2013; Mataix-Cols, Rosario-Campos, & Leckman, 2005; Piras
et al., 2015), and might even be indicative of treatment outcome/
selection to some extent (Mataix-Cols et al., 2005; Starcevic &
Brakoulias, 2008), one of the weaknesses is that taxonomy based on
phenomenology does not provide the underpinned neuroanatomical
aberrance; thus, the obtained subtypes usually share overlapping pat-
terns of aberrance (Piras et al, 2015; Ravindran et al., 2020; Xia
et al., 2020; Yoo et al., 2008). In recent years, an increasing number of
researchers have tried to handle the heterogeneity by identifying sub-
types using objective neuroimaging data in mental disorders (Beijers,
Wardenaar, van Loo, & Schoevers, 2019; Chand et al., 2020; Mar-
quand, Wolfers, Mennes, Buitelaar, & Beckmann, 2016).

Objective identification of distinct neuroanatomical subtypes of
mental disorders is a growing trend. Patients with mental disorders
exhibit high heterogeneity, leading to inconsistent findings (Sun
et al, 2021). To address this heterogeneity, Dwyer et al. (2018)
uncovered two neuroanatomical subtypes of schizophrenia, thus
improving stratification for computer-aided diagnosis. Chand et al.
adopted a semi-supervised method and revealed two robust subtypes,
where Subtype 1 presents widespread decreased GMVs, while Sub-
type 2 presents increased GMVs in the basal ganglia and internal cap-
sule. These two subtypes challenge the widely accepted notion that
schizophrenia is characterized by general brain volume loss (Chand

et al., 2020), helping to deepen our understanding of the mechanism

and move toward targeted treatment (Varol, Sotiras, &
Davatzikos, 2017). Nevertheless, no study has explored the putative
subtypes of OCD.

In this study, we aimed to uncover putative neuroanatomical sub-
types of OCD by adopting a newly proposed method named hetero-
geneity through discriminative analysis (HYDRA) from GMVs (Varol
et al, 2017). HYDRA can identify subtypes by mapping differences
from a normal population rather than clustering patients directly
(Chand et al., 2020). Furthermore, this method excluded the effects of
confounding factors, such as age and sex (Chand et al., 2020). First,
we investigated whether OCD exhibited a higher structural heteroge-
neity than healthy controls (HCs). Then, we adopted HYDRA to reveal
subtypes of OCD from GMV obtained by voxel based morphometry
(VBM). There were two main hypotheses: (a) OCD would exhibit
higher interindividual heterogeneity considering its various symptom
representations in clinical settings and (b) HYDRA can uncover sub-

types with distinct neuroanatomical aberrance.
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2 | MATERIALS AND METHODS

21 | Sample

In this study, we recruited 100 patients with OCD and 106 HCs.
Patients were recruited from outpatient services of the Department
of Psychiatry, The First Affiliated Hospital of Zhengzhou University.
The diagnosis was made by two experienced psychiatrists according
to the Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-V) for OCD. The patients were all drag-naive and first-
episode. Patients were excluded if they had comorbid other mental/
psychotic disorders, nervous system disease/brain trauma, or first-
degree relatives with a history of mental illness or neurological dis-
ease. The Yale-Brown Obsessive Compulsive Scale (Y-BOCS) was
used to evaluate symptom severity (Goodman et al., 1989). HCs were
recruited from the community through poster advertisement. Neither
of them had a history of serious medical nor neuropsychiatric iliness
or a family history of major psychiatric or neurological illness in their
first-degree relatives.

In addition, all participants were Han Chinese, right-handed, and
had to meet the following exclusion criteria: (a) taking drugs such as
anesthetics, those that were sleep-inducing, or analgesics in the past
month; (b) substance abuse; (c) a history of a brain tumor, trauma, sur-
gery, or other organic body diseases; (d) suffering from cardiovascular
diseases, diabetes, or hypertension; (e) has contraindications for MRI
scanning; and (f) has other structural brain abnormalities.

Written informed consent was obtained from all the participants
before the experiment. The study was approved by the research
ethics committee of the First Affiliated Hospital of Zhengzhou Univer-
sity and adhered to the Helsinki Declaration.

2.2 | Data acquisition

High-resolution T1-weighted anatomical images of participants were
acquired using on 3-T GE Discovery MR750 scanner (General Elec-
tric). T1-weighted images were obtained using the following parame-
ters: repetition time = 8,164 ms, echo time = 3.18 ms, inversion

TABLE 1 Demographic and clinical

characteristics of participants
Male, no. (%)

Age, mean (SD) [range], y

Educational level, mean (SD), y
Duration of illness, mean (SD), m —

Y-BOCS score, mean (SD)

TIV, mean (SD), 10 cm?®
IQR, mean (SD)

time = 900 ms, flip angle = 7°, resolution matrix = 256 x 256,
slices = 188, thickness = 1.0 mm, and voxel size = 1 x 1 x 1 mm°.

2.3 | Voxel-based morphometry analysis

CAT 12 (http://dbm.neuro.uni-jena.de/cat12/) toolbox was used to
calculate voxel-based morphometry (VBM) for each subject. We
followed the recommended pipeline of CAT 12 mainly including reor-
ientation of images, segmentation into gray matter, white matter, and
cerebrospinal fluid volume. Segmented images were normalized into
Montreal Neurological Institute and resampled to
1.5 x 1.5 x 1.5mm followed by nonlinear modulation
(Ashburner, 2009; Han, Chen, et al., 2021; Han, Zheng, et al., 2021).

Finally, the gray matter maps were smoothed using 6 mm full width at

space

half maximum Gaussian kernel (FWHM). The quality of obtained gray
matter maps is included in Table 1. The total intracranial volume (TIV)
for each participant was estimated for the next produces.

24 | Heterogeneity of GMV and group difference

First, we investigated whether patients with OCD exhibited higher
interindividual variability than HCs. To map the interindividual vari-
ability/distance, we extracted regional GMVs based on the brain atlas
(268 brain region atlas and validated with 200 brain atlas (Craddock,
James, Holtzheimer 3rd, Hu, & Mayberg, 2012; Shen, Tokoglu,
Papademetris, & Constable, 2013). Thus, 1 M x 1 (M for the total
number of brain regions) GMV vector for each subject was obtained.
Then, the Euclidean distance between pairs of GMV vectors was cal-
culated. An N x N (subject x subject) structural distance matrix was
obtained for each group. This procedure was performed separately in
OCD and HCs. For each subject, the variability value was defined as
the mean value of distance values (N—1 excluding the distance to
itself) representing the distance (variability) between this one and the
others in the group. Thus, a heterogeneous group was expected to
have larger variability values than those in the homogeneous group. A

two sample t test was performed to compare variability values in

HC (N = 106) OCD (N = 100) p

53 (50.00) 53 (53.00) .99°
23.09 (5.63) [16-43] 22.93(9.31) [12-49] .88°
15.18 (3.19) 11.82(3.16) <.01°

48.08 (57.61)

- 21.92(7.09)

1.55(0.13) 1.55(0.14) .70°
2.09 (0.15) 2.09 (0.16) .98°

Abbreviations: HC, healthy control; OCD, obsessive-compulsive disorder; IQR, imaging quality rating;
TIV, total intracranial volume; Y-BOCS, Yale-Brown Obsessive Compulsive Scale.

22 t test.

bTwo-tailed two sample t test.
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OCD with that in HCs, after adjusting for age, sex, and educational
level.

2.5 | Subtyping with HYDRA

Thereafter, we clustered patients with OCD into subtypes using a
recently proposed semi-supervised method named HYDRA where
regional GMVs were treated as features (Chand et al., 2020; Varol
et al., 2017). HYDRA performed classification and subtyping simul-
taneously and successfully revealed two distinct neuroanatomical
subtypes of schizophrenia (Chand et al., 2020). This method adap-
tively determines the number of clusters according to the adjusted
rand index (ARI), which quantifies the similarity between clustering
results of cross-validation (Varol et al., 2017). The optimal number
of clusters was determined when ARl was the largest. As done in
previous studies (Chand et al., 2020, 2022; Varol et al., 2017), we
identified optimal subtypes of OCD from 1 to 6 using 10-fold cross
validation where age, sex, and education level were included as
covariates. The workflow is shown in Figure 1.

Voxel-wise GMV aberrance was also obtained for each subtype
of OCD (and all patients vs. HC) compared with HCs using a two sam-
ple t test equipped in SPM12 where age, sex, educational level, and
TIV were included as covariates. Voxel-wise results were corrected
using FDR (p < .005).

2.6 | Reproducibility analysis

To confirm the robustness of the subtyping results, we validated the
subtyping results using (a) different brain atlases (268/200 brain atlas;
Craddock et al., 2012; Shen et al., 2013); and (b) to exclude the possi-
bility that subtyping results were driven by a few subjects, we ran-
domly selected 80% of subjects (for HCs and patients, respectively)
and performed the same subtyping results on the sub-samples. ARI
was calculated between the subtyping result obtained from sub-
samples and that from the whole dataset (all HCs and patients). This
procedure was repeated 100 times; (c) to investigate whether GMVs

could distinguish between these two subtypes, and a linear support
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FIGURE 1

vector machine (SVM, equipped in LIBSVM, https://www.csie.ntu.
edu.tw/~cjlin/libsvm/index.html) classifier was constructed using the
same features (regional GMVs; Marquand et al., 2016). The performance
of the model was evaluated using a leave-one-out cross-validation
strategy, and the significance was determined by a permutation test
(1,000 times; Han, Chen, et al., 2021; Han et al., 2019; Li et al., 2021).

2.7 | External validation

To assess clinical validity, we investigated whether these two sub-
types demonstrated significant differences in clinical and demo-
graphic features, including age, sex, education level, duration of
iliness, and the total score of Y-BOCS with a two-sample t test or
;(2 test. In addition, Pearson's correlation between TIV and duration
of illness/the total score of Y-BOCS was calculated for each sub-
type to investigate whether the association between neuroimaging
representation and severity of symptoms differed between these
two subtypes.

3 | RESULTS

3.1 | Clinical demographics
Demographic information was included in Table 1. Patients with OCD
showed no significant difference (p > .05) in terms of age, TIV, IQR,

and sex, but had fewer years of education compared with HCs.

3.2 | Higher heterogeneity of GMV in OCD

To depict the heterogeneity of GMV, we calculated the variability
value for each subject in OCD and HCs separately. Variability values in
OCD were compared with those in HCs to determine whether patients
with OCD had higher heterogeneity. As a result, patients with OCD
presented significantly larger variability values than those in HCs
(t = 3.11, p<.01, Cohen's d = 0.43) that was confirmed with
200 regions brain atlas (t = 2.89, p < .01, Cohen's d = 0.40; Figure 2a).

Voxel-wise aberrance

HYDRA Optimal Statistic

bt,
SUPLYPES  Between Clinical and demographic

subtypes difference


https://www.csie.ntu.edu.tw/%7Ecjlin/libsvm/index.html
https://www.csie.ntu.edu.tw/%7Ecjlin/libsvm/index.html
https://www.csie.ntu.edu.tw/%7Ecjlin/libsvm/index.html

HAN ET AL

WILEY_L®4

(a)
2.50 Groups

Il HCs

225 ™ OCD

t=2.89 =3.
cohen’d = 0.40 ohén’3=”0.4

2.00

1.75

Varibility

1.50

1.25

1.00

0.75

200 268
Atlas

©

0.6 —

0.5

0.3~

(b)

1.0

0.9

0.8

ARI

0.7

0.6

0.5

— 268
— 200

4 5 6

Number of clusters

FIGURE 2 Higher heterogeneity and subtyping results of OCD. (a). Patients with OCD exhibited higher structural heterogeneity (variability)
than HCs. (b). ARl values between subtyping results of the randomly selected sub-dataset and reported one. (c). ARI values of different numbers

of subtypes

3.3 | Two OCD subtypes exhibit opposite GMV
difference

The optimal number of subtypes was 2, where the ARl was maximum
for 268 brain regions brain atlas (Figure 2c). The numbers of patients
in subtypes 1 and 2 were 50 and 50, respectively.

These two subtypes exhibited opposite voxel-wise GMV differ-
ences compared to HCs. Specifically, Subtype 1 exhibited wide-
spread increased GMV in brain regions, including the right anterior
insula, bilateral middle temporal gyrus, bilateral hippocampus, bilat-
eral parahippocampus, precuneus, frontal gyrus, and cerebellum.
decreased GMV in the

orbitofrontal gyrus, precuneus, posterior cingulate, and putamen.

Subtype 2 demonstrated overall

The details are shown in Figure 3 and Table S1. We also obtained
the GMV aberrance of OCD subtypes according to regional GMVs
based on the 200 brain atlas (Figure 3). The GMV aberrance of

subtypes with the 200 brain atlas was consistent with that of
268 (Subtype 1: spatial correlation r = .99, p < .01; Subtype 2: spa-
tial correlation r = .98, p < .001). There were no significant differ-
ences between all patients with OCD and HCs.

3.4 | Reproducibility results

Various strategies were adopted to investigate the subtype reproduc-
ibility. As a result, our subtyping results were robust and reproducible.
Specifically, the optimal number of subtypes was consistently 2, and
the ARI between these subtyping results obtained from different brain
atlases was 0.89. The ARI values between the original subtyping result
using whole samples and that based on randomly selected sub-
samples datasets were 0.74 + 0.09 (Figure 2b). Regional GMVs could
distinguish between these two subtypes (accuracy reached 87%,
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FIGURE 3 Voxel-wise GMV aberrance in each subtype of OCD. The “r’ represented the spatial correlation between the GMV aberrance of

subtypes based on 268 and 200 brain atlas

p < .05 for permutation). These results suggested that patients with
OCD could be robustly divided into two subtypes.

3.5 | External validation results

These were no differences in age, sex, educational level, duration of
iliness, and total Y-BOCS scores between these two subtypes (all
p > .05). However, TIV of Subtype 2 was significantly correlated with
the total Y-BOCS scores (r = —.36, p = .01) while that of Subtype
1 was not (Figure 4).

4 | DISCUSSION

In this study, we had two main findings: (a) patients with OCD pres-
ented higher structural heterogeneity than HCs. These results
suggested a high level of structural heterogeneity in OCD for the first
time and (b) we identified two remarkably distinct subtypes of OCD
presenting opposite structural aberrances compared to HCs. Subtype
1 exhibited a widespread increase in GMV, whereas Subtype
2 exhibited decreased GMVs. In addition, TIV in Subtype 2 was asso-
ciated with symptom severity, where TIV in Subtype 1 was not. These

results revealed two neuroanatomical subtypes demonstrating oppo-
site structural aberrances, offering an explanation for the conflicting
findings in OCD. The two identified subtypes provide potential clues
for the nosology of OCD.

We identified a high level of structural heterogeneity in OCD. In
the clinic, patients with OCD demonstrated various symptoms and
were often grouped into subtypes based on symptom representation
(Starcevic & Brakoulias, 2008). These subtypes exhibited distinct neu-
ropsychological deficits along with different symptom profiles (McKay
et al., 2004; Starcevic & Brakoulias, 2008). Other mental disorders,
such as schizophrenia, were found to exhibit higher interindividual
variability measured using different methods (Cole, Anticevic,
Repovs, & Barch, 2011; Gopal et al., 2016; Sun et al., 2021). Hetero-
geneity hampered the revelation of neuropathological mechanisms
and the discovery of stabilized biomarkers to guide clinical diagnosis
and treatment (Sun et al., 2021). However, the heterogeneity of OCD
remained unclear. Knowing this was the first step in the precision
diagnosis and determination of follow-up treatment plans. Our results
showed that high level of heterogeneity in OCD for the first time. This
result confirmed that OCD was a highly heterogeneous disorder and
highlighted the necessity of studying subtypes of OCD.

After affirming the high heterogeneity of OCD, we revealed two
robust subtypes of OCD using a semi-supervised method. To handle
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FIGURE 4 Correlation between the total intracranial volume and total Y-BOCS scores in subtypes

heterogeneity, OCD was further divided into various subtypes according
to symptom presentation, such as washing and checking (Mataix-Cols
et al,, 2004). However, this taxonomy based on phenomenology resulted
into subtypes sharing overlapping patterns of aberrance (Ravindran
et al., 2020; Xia et al., 2020; Yoo et al., 2008), and presented a vague
diagnostic threshold to handle sub-threshold symptoms, thus having low
sensitivity (Okada et al., 2015). Moreover, there was no universally
accepted taxonomy (McKay et al., 2004). Although studies with dimen-
sional approach demonstrated great success, we aimed to address the
heterogeneity by identifying subtypes using objective neuroimaging data.
In this study, we revealed two objective subtypes using structural infor-
mation derived from neuroimaging data for the first time. The exclusion
criteria used in this study ruled out other factors, such as comorbidities
with other mental disorders and medicine (McKay et al., 2004). These
two subtypes exhibited distinct structural aberrances, providing new
insights into the taxonomy of OCD. We did not observe any differences
in age and illness duration between these two subtypes; however, this
result did not mean that they did not affect structural aberrance in OCD.
Studies found that age and illness duration drove the enlargement of
striatal areas (Boedhoe et al., 2017; de Wit et al., 2014). One plausible
explanation was that the effect of age/illness duration could be ignored
when compared with the inherent differences between these subtypes
revealed in this study. Another reason might be that there was no signifi-
cant difference between children and adults with OCD (Rotge
etal., 2010).

It was worth noting that these two subtypes presented opposite
patterns of structural aberrances. Although the cortico-striato-tha-
lamo-cortical circuit was widely accepted as the core circuit, findings
from neuroimaging studies were far from consistent in OCD (Bruin,
Taylor, Thomas, & Shock, 2020; Kong et al., 2020; Yun et al., 2020).

These two subtypes exhibited abnormal GMV in regions, that were
consistently found, included, or beyond this circuit (Alexander
et al, 1986; Boedhoe et al., 2018; Hazari, Narayanaswamy, &
Venkatasubramanian, 2019; Menzies, Chamberlain, et al., 2008) while
presenting remarkable opposite patterns of structural aberrances,
such as the orbitofrontal gyrus and right anterior insula. Consistent
with findings of hypermetabolism and increased cerebral bold flow as
revealed by functional brain imaging (Saxena, Brody, Schwartz, &
Baxter, 1998; Saxena & Rauch, 2000; Swedo et al., 1992), the volume
of the orbitofrontal gyrus was found to be increased in OCD (Kim
et al., 2001; Pujol et al., 2004; Szeszko et al., 2008). However, other
studies found that gray matter volume of the orbitofrontal gyrus was
decreased (van den Heuvel et al., 2009; Pujol et al., 2004). A possible
explanation was that hyperactivity compensated for decreased neuro-
nal density. Alternatively, hyperactivity lead to neurotoxic changes
resulting in volume reduction (Endrass et al., 2008). As another key
region in OCD, the right anterior insula was suggested to be responsi-
ble for the poor inhibitory control in OCD (Fan et al., 2016). The find-
ings of the right anterior insula were also mixed, wherein both
increased (Nishida et al., 2011; Yoo et al., 2008) and decreased
(Besiroglu et al., 2011; Subira et al., 2013) GMVs were reported,
although these inconsonant results might be attributed to medical
exposure, methodological differences, age, comorbidity, or illness
duration. Our results showed that the main reason for this might be
the high heterogeneity of OCD. Especially, Wu et al. (2021) uncov-
ered two subgroups with distinct symptom profiles using a large sam-
ple of children with OCD, providing powerful evidence of the high
heterogeneity in OCD. In fact, when mixed together, all patients pres-
ented no significant differences compared with the HCs in our study.

These two distinct neuroanatomical subtypes might be related to the
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pathogenesis of OCD rather than those caused by other factors, such
as age, illness duration, educational level, and medicine. Recently,
researchers began to acknowledge this high heterogeneity and real-
ized that group-level differences in brain structure were not represen-
tative of every patient in mental disorders (Liu et al., 2021; Lv, Di
Biase, Cash, & Cocchi, 2020; Wolfers et al., 2018; Wolfers &
Beckmann, 2020). However, to the best of our knowledge, a limited
number of studies focused on structural aberrance in subtypes of
OCD (e.g., children vs. adults, contamination vs. aggressive; Boedhoe
et al.,, 2018, 2017; Yoo et al., 2008). Our results indicated that future
researchers might pay more attention to more homogeneous samples,
and, even individualized aberrance, in the study of OCD.

5 | LIMITATIONS

Several limitations should be considered when interpreting our results.
First, we used multiple strategies to confirm the reliability of the results.
These results were obtained in a single dataset, one more dataset was
needed to confirm these results in the future. Second, we did not record
the obsessive dimensions; thus, we could not investigate the association
between neuroanatomical aberrance and symptom dimensions. Future
studies should examine this relationship. Third, factors such as body
mass index and alcohol/cigarette use were not well controlled in this
study (Abramovitch et al., 2019; Abramovitch, Pizzagalli, Geller,
Reuman, & Wilhelm, 2015; Torres et al., 2006), and future studies could
evaluate their effects on these results. Fourth, we did not include
patients with late-onset OCD; thus, we could not determine whether

our conclusion holds true for late-onset OCD.

6 | CONCLUSION

We observed high heterogeneity in terms of gray matter volume
across patients with OCD and revealed two robust neuroanatomical
subtypes of OCD. These two subtypes exhibited remarkably opposite
gray matter volume aberrances compared to healthy controls. Our
results provide a possible explanation for the conflicting neuroimaging
findings and an objective taxonomy contributing to precision clinical

diagnosis and treatment of OCD.
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