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Aim: Although the thalamus is a key structure in the pathophysiology of obsessive-compulsive disorder (OCD),
reports regarding thalamic volume alterations in OCD patients have been inconsistent. Because the thalamus has
a complex structure with distinct functions, we investigated subregional volume changes in the thalamus and
their relationship with clinical attributes in a large sample of medication-free OCD patients.

Methods: We collected T1-weighted magnetic resonance imaging data from 177 OCD patients and 152 healthy
controls (HCs). Using FreeSurfer, we segmented the thalamus into 12 nuclei groups; subregional volumes were
compared between groups using an analysis of covariance. The relationships between altered thalamic volumes
and OC symptom severity and OCD onset age were investigated.

Results: Compared to HCs, OCD patients showed a smaller volume of the left posterior thalamic nuclei. Other
thalamic subregions did not show significant group differences. There was a significant negative correlation
between the volume of the left posterior thalamic nuclei and the age of OCD onset but no significant correlation
with OC symptom severity.

Conclusions: This is the first study to report reduced volume of the posterior thalamic nuclei in a large sample of
medication-free OCD patients. Our results suggest that the volume of posterior thalamic nuclei may reflect
different pathophysiological mechanisms of OCD subtypes related to the age of onset. Additional studies with
pediatric samples are required to clarify the relationship between thalamic alterations and the onset age of OCD.

various brain regions and is involved in both cognitive functions and
behavioral patterns (Carrera and Bogousslavsky, 2006; Lacerda et al.,
2003; Mori, 2001; Saalmann and Kastner, 2015). Although the thalamus

1. Introduction

Obsessive-compulsive disorder (OCD) is a psychiatric disorder that

significantly lowers the quality of life of patients and is diagnosed in
approximately 2.5%-3% of the whole population (Eisen et al., 2006;
Robbins et al., 2019). Patients with OCD are bothered by intrusive and
undesirable thoughts, impulses, or specific images that are followed by
repetitive behaviors to relieve anxiety (Stein et al., 2019). Cortico-
striato-thalamo-cortical (CSTC) circuit dysfunction is a pathophysio-
logical model of OCD that explains impairments in self-regulation and
behavioral inhibition (Peters et al., 2016; Robbins et al., 2019; Stein
et al., 2019). Among the brain regions included in the CSTC circuit, the
thalamus plays a crucial role because it has extensive connections with

is comprised of separate nuclei groups with distinct anatomical locations
and neurocognitive functions (Morel, 2007; Sherman, 2007; 2016;;
Sherman and Guillery, 2002), thalamic subregional disruption in OCD
patients has not yet been sufficiently studied.

Several structural magnetic resonance imaging (MRI) studies with
relatively small sample sizes have provided inconsistent findings of
thalamic volume in adult OCD patients. While many studies have re-
ported intact thalamic structures (Gilbert et al., 2008; Hoexter et al.,
2012; Kang et al., 2004; Liu et al., 2019; Valente et al., 2005; Zhang
et al., 2019), other studies have observed larger thalamic volumes in

* Corresponding author at: Department of Neuropsychiatry, Seoul National University Hospital, 101 Daehak-no, Chongno-gu, Seoul 03080, Republic of Korea.

E-mail address: verte82@snu.ac.kr (M. Kim).

https://doi.org/10.1016/j.nicl.2021.102686

Received 4 February 2021; Received in revised form 15 April 2021; Accepted 17 April 2021

Available online 21 April 2021
2213-1582/© 2021 The Author(s).

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Published by Elsevier Inc.

This is

an open access article under the CC BY-NC-ND license


mailto:verte82@snu.ac.kr
www.sciencedirect.com/science/journal/22131582
https://www.elsevier.com/locate/ynicl
https://doi.org/10.1016/j.nicl.2021.102686
https://doi.org/10.1016/j.nicl.2021.102686
https://doi.org/10.1016/j.nicl.2021.102686
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nicl.2021.102686&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

J. Jurng et al.

OCD patients (Atmaca et al., 2006; Hou et al., 2013; Kim et al., 2001; Lv
etal., 2017; Shaw et al., 2015). Only one study by Tang et al. (2016) has
reported smaller thalamic volume in OCD. In addition, mega- and meta-
analyses have also been performed: the ENIGMA-OCD working group
(Boedhoe et al., 2017) and de Wit et al. (2014) did not reveal statistically
significant differences in adult OCD patients. The OCD Brain Imaging
Consortium (OBIC) (Fouche et al., 2017) reported that compared to
healthy controls (HCs), adult patients with OCD showed a trend toward
larger left and smaller right thalamic volumes before correcting for
multiple comparisons. These inconsistencies, especially for the studies
that used surface-based analyses, may be explained by their measure-
ments of whole thalamic volumes. Whole-thalamic analyses are
considered insufficient to detect volume changes that are limited to
specific subregions because all subregional volumes are summed and the
variation at the subregional level would be relatively subtle (Kwon et al.,
2003). Because the thalamus is a complex structure that has different
connectivity and function based on the particular subregion, subre-
gional analysis will further help to understand the role of the thalamus in
the pathophysiology of OCD (Kong et al., 2020; Stein et al., 2019).

In addition to the inconsistent results regarding thalamic volume, its
relationship to clinical attributes are also unclear despite the importance
of the thalamus in OCD pathophysiology. Studies examining the asso-
ciation between OC symptom severity and thalamic volume in OCD
patients have shown inconsistent results. Some studies did not report the
association (Christian et al., 2008; Hoexter et al., 2012; Kang et al.,
2004; Lv et al., 2017), while others observed positive (Atmaca et al.,
2007; 2016; 2018;; Hou et al., 2013) or negative (Hirose et al., 2017;
Valente et al., 2005; Zarei et al., 2011) correlations between thalamic
volume and OC symptom severity. Furthermore, there is a need to
investigate the relationship between thalamic volume and the age of
OCD onset, which has been reported to have associations with some
clinical features (Kim et al., 2020; Robbins et al., 2019; Taylor, 2011).
Structural MRI studies, including our previous study, have found re-
lationships between the age of onset and volume of several brain regions
in adult OCD patients (Boedhoe et al., 2017; 2018;; Exner et al., 2012;
Kim et al., 2020). Considering these prior results, age of onset may also
be associated with thalamic volumes. Since it is still unclear whether
clinical attributes, such as OC symptom severity and age of onset, are
associated with thalamic subregional volumes in OCD patients, this
relationship needs to be clarified with a large sample of medication-free
OCD patients.

In the present study, we aimed to investigate volumetric alterations
in thalamic subregions in a large sample of medication-free adult OCD
patients. We hypothesized that OCD patients, compared to HCs, would
exhibit volume differences in thalamic subregions. In addition, we hy-
pothesized that there would be an association of thalamic volume with
clinical attributes such as OC symptom severity or onset age in OCD
patients. In particular, we expected that earlier age of onset would be
associated with larger thalamic subregional volume in adult OCD pa-
tients, considering consistently reported larger thalamic volumes in
pediatric OCD studies (Boedhoe et al., 2017; Gilbert et al., 2000;
Rosenberg et al., 2000; Weeland et al., 2020).

2. Material and methods
2.1. Subjects

A total of 177 medication-free adult OCD patients and 152 HCs
participated in this study. T1 MRI data of 101 OCD patients and 103 HCs
were used in our previous study (Kim et al., 2020). The age range of the
participants was between 17 and 45 years in both the OCD and HC
groups. All participants with OCD were recruited from the inpatient and
outpatient clinics at the Department of Neuropsychiatry in the Seoul
National University Hospital (SNUH) and were diagnosed with OCD
according to the Diagnostic and Statistical Manual of Mental Disorders,
fourth edition (DSM-IV) criteria. Among the OCD patients, 78 patients
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were drug-naive, and 99 patients had been unmedicated for more than 4
weeks before MRI acquisition. For the psychiatric comorbidities, 6 OCD
patients had a diagnosed comorbidity of major depressive disorder; 2
patients had dysthymic disorder; 41 patients had depressive disorder,
not otherwise specified (NOS); 2 patients had bipolar II disorder; 3 pa-
tients had bipolar disorder, NOS; 4 patients had tic disorder; and 7 pa-
tients had personality disorders. The Yale-Brown Obsessive Compulsive
Scale (Y-BOCS) (Padhi et al., 2010), Hamilton Rating Scale for Anxiety
(HAM-A) (Thompson, 2015), and Hamilton Rating Scale for Depression
(HAM-D) (Orbell et al., 2013) were used for the assessment of psychi-
atric symptom severity. HCs were recruited via internet advertisement,
and they were shown not to have a lifetime history of psychiatric dis-
order after screening using the Structured Clinical Interview for the
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition,
Axis I disorders Nonpatient Edition (SCID-NP). The HCs were excluded if
they had a family member with a psychotic disorder among third-degree
relatives. The exclusion criteria for all participants were a lifetime his-
tory of neurological disorders, clinically severe head trauma, substance
use disorder (except nicotine), and intellectual disability (intelligence
quotient [IQ] < 70).

Written informed consent was received from all participants after
they were given a thorough explanation of the study procedure (IRB nos.
H-1201-008-392, H-1110-009-380, and H-1503-045-655). For the mi-
nors, informed consent was obtained from both the participants them-
selves and their parents. This study was conducted in accordance with
the Declaration of Helsinki and was approved by the Institutional Re-
view Board of SNUH (IRB no. H-2012-162-1184).

2.2. Image acquisition

T1-weighted images of all participants were obtained at SNUH using
a 3 T MRI scanner (MAGNETOM Trio, Siemens, Miinchen, Germany) and
12-channel head coil, with imaging parameters of echo time = 1.89 ms,
repetition time = 1670 ms, flip angle = 9°, voxel size = 1.0 x 1.0 x 1.0
mm?, and 208 slices. To reduce motion artifacts, we used head cushions
and instructed participants to minimize their movements.

2.3. Thalamic segmentation

The acquired images were automatically processed using FreeSurfer
version 7.1 (http://surfer.nmr.mgh.harvard.edu/). The processing
pipeline included motion correction, signal intensity normalization,
automated Talairach transformation, removal of nonbrain tissue, auto-
mated topology correction, cortical parcellation and subcortical seg-
mentation (Collins et al., 1994; Dale et al., 1999; Fischl and Dale, 2000;
Fischl et al., 1999a; 1999b; 2002; 2004). Estimated total intracranial
volume (eTIV) data were obtained by exploiting the relationship be-
tween intracranial volume (ICV) and the linear transform to Talairach
space (Buckner et al., 2004). Then, thalamic segmentation was per-
formed using Bayesian interference based on a probabilistic atlas
derived from ex vivo MRI and histologic data (Iglesias et al., 2018).

The output provided a volume of 25 regions of interest (ROIs) for
both the right and left thalamus. To validate thalamic segmentation, the
results of each thalamic segment were visually inspected by independent
researchers (i.e., J.J. and H.P.). In addition, statistical outliers were
determined when a subject’s thalamic subregional volume was 3 stan-
dard deviations away from the mean of each thalamic subregional vol-
ume. Supplementary Fig. 1 in the supplementary material presents the
volume distribution of the individual thalamic nuclei groups with their
statistical outliers, which were few in number, and none of them were
excluded from the analysis. We summed the volume of each nucleus to
calculate the volume of the following nuclei groups: anterior, lateral,
ventral, intralaminar, medial, and posterior parts. Nuclei groups are
shown in Fig. 1. The individual nuclei that comprised each group were
based on the atlas that Iglesias et al. (2018) provided, and they are
shown in Supplementary Table 1 in the supplementary material.
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Fig. 1. A 3D view of the thalamic nuclei groups obtained from thalamic segmentation.

2.4. Statistical analyses

All statistical analyses were conducted using IBM SPSS Statistics 26
(SPSS, Inc., Chicago, IL, USA). To compare demographic and clinical
data between the OCD patients and HCs, we performed independent t-
tests and chi-square tests. Then, we conducted one-way analysis of
covariance (ANCOVA) with age, sex, and eTIV as covariates to investi-
gate group differences in thalamic subregional volumes. We applied
Bonferroni correction to address the issue of multiple ANCOVA tests. For
the thalamic subregion that had a significant volumetric difference,
partial correlation analyses were performed to examine the relationship
between thalamic volumes and Y-BOCS scores in the OCD patients,
controlling for HAM-A and HAM-D scores. For the same subregion, we
also performed Pearson’s correlation analysis between the volume and
age of onset in the OCD group.

3. Results

There were no significant differences in the demographic data of the
OCD patients and HCs. The demographic and clinical characteristics of
the participants are described in Table 1. For the patients, the mean

Table 1
Demographic and clinical characteristics of patients with obsessive-compulsive
disorder (OCD) and healthy controls (HCs).

OCD (n=177) HCs (n=152)  Statistical

analyses *

T/x? p
Age (years) 25.1+7.0 241 + 6.1 1.372  0.176
Sex (male/female) 119/58 100/52 0.076  0.782
1Q 1109 + 11.6 112.8 £11.9 —1.403 0.162
Handedness (left/right) " 13/150 12/140 0.001  0.979
Education (years) 141 +22 147 £1.7 0.327 0.748
Duration of illness (years) 6.7 £ 5.6 NA - -
Age of onset (years) 184 + 6.7 NA - -
Y-BOCS
Total score 25.2+ 6.5 NA - -
Obsession score 13.4 + 3.4 NA - -
Compulsion score 11.8 £ 4.2 NA - -
HAM-A score 9.8 £5.9 NA - -
HAM-D score 10.7 + 6.4 NA - -

Abbreviations: IQ, intelligence quotient; Y-BOCS, Yale-Brown Obsessive
Compulsive Scale; HAM-A, Hamilton Rating Scale for Anxiety; HAM-D, Hamil-
ton Rating Scale for Depression.

# Independent t-tests for continuous variables, chi-square tests for categorical
variables.

b Data was missing from 14 participants in the OCD group.

duration of illness (DOI) was 6.71 years, and the mean age of onset was
18.37 years. The mean Y-BOCS total score of the patients was 25.18.
The volumes of the left posterior nuclei (F = 8.431, p = 0.004) and
right anterior nuclei (F = 5.333, p = 0.022) of the thalamus were smaller
in the OCD patients than in the HCs. However, only the left posterior
thalamic nuclei (Bonferroni-corrected p = 0.048) showed statistical
significance after multiple comparison corrections (Table 2 and Fig. 2).
There was no significant group by age interaction (F = 0.898, p = 0.344)
for the left posterior thalamic nuclei. However, a significant group by
sex interaction (F = 10.098, p = 0.002) and a group by eTIV interaction
(F = 65.168, p < 0.001) was observed for the left posterior thalamic
nuclei. The exploratory group comparison results of the volume of the
individual nuclei comprising the left posterior thalamic subregion
revealed that the patients with OCD showed smaller volumes in the

Table 2
Volumes of thalamic nuclei groups in patients with obsessive-compulsive dis-
order (OCD) and healthy controls (HCs).

Thalamic OCD (n HC(n= Statistical analyses *
nuclet group =177) 152) F Uncorrected Bonferroni-
P corrected P

Left

Anterior 147.5 + 149.5 + 2.739 0.099 1.000
18.7 20.4

Lateral 180.1 + 180.0 + 0.125 0.724 1.000
26.1 22.4

Ventral 3294.2 3310.6 2.571 0.110 1.000
+ 330.9 + 328.9

Intralaminar 469.3 + 474.9 + 3.806 0.052 0.624
52.1 50.5

Medial 1240.0 1245.1 0.092 0.762 1.000
+ 138.0 + 141.8

Posterior 2318.2 2367.1 8.431 0.004 0.048
+ 243.6 + 235.5

Right

Anterior 153.0 + 156.2 + 5.333 0.022 0.264
21.7 20.8

Lateral 181.5 + 181.2 + 0.010 0.921 1.000
25.7 25.2

Ventral 3394.2 3410.5 1.789 0.182 1.000
+ 367.2 + 340.6

Intralaminar 487.7 + 492.2 + 2.227 0.137 1.000
57.9 54.3

Medial 1283.7 1286.5 0.016 0.900 1.000
+ 141.5 + 141.2

Posterior 2858.9 2855.4 0.273 0.602 1.000
+ 312.5 + 283.2

@ Analysis of covariance with age, sex, and estimated total intracranial volume
as covariates.
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Fig. 2. Volume of left posterior thalamic nuclei was smaller in patients with obsessive-compulsive disorder (OCD) than healthy controls (HCs). (A) Left posterior
thalamic nuclei is shown in blue. (B) Bar chart shows the volume of the left posterior thalamic nuclei in OCD patients and HCs, controlling for age, sex, and estimated

total intracranial volume.

pulvinar, lateral geniculate nucleus (LGN), and medial geniculate nu-
cleus (MGN) subregions than the HCs (Supplementary Table 2). The
whole thalamic volumes of the left and right hemispheres were not
significantly different between the OCD and HC groups (Supplementary
Table 3).

As shown in Fig. 3, there was a negative correlation between the left
posterior thalamic volume and age of onset (r = -0.223, Bonferroni-
corrected p = 0.012). However, we found no significant correlation
between thalamic volume and Y-BOCS scores.

4. Discussion
In the present study, we investigated volume differences in the
thalamus at the subregional level in a large sample of medication-free

OCD patients using atlas-based automatic segmentation. We observed
that the volume of the left posterior thalamic nuclei was smaller in the

3000

)

mm

£ 2750-
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17509 - 0223

p=0.012
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10 20 30 40

Age of onset

Volume of left posterior nuclei

Fig. 3. Correlation analysis between the volume of the thalamic subregion and
age of onset in patients with obsessive—compulsive disorder (OCD). The volume
of left posterior thalamic nuclei was negatively correlated with age of onset in
OCD patients.

OCD patients than in the HCs. This region consists of the pulvinar, lateral
geniculate nucleus (LGN), medial geniculate nucleus (MGN), and
suprageniculate nucleus. Furthermore, a smaller volume of the left
posterior thalamic nuclei was related to later onset of disease. To our
knowledge, this is the first study to report volume alterations in a spe-
cific thalamic subregion and their relationship with the age of onset in
OCD patients.

Among the regions that showed differences in the OCD patients
compared to the HCs, we focused mostly on pulvinar, one of the higher-
order thalamic nuclei that constitutes approximately one-third of the
whole thalamus (Sherman, 2007). The pulvinar has widespread con-
nections to several regions: superior colliculus and visual cortices,
inferior parietal and prefrontal cortices, several association areas,
amygdala, and cingulate cortex (Benarroch, 2015). Hence, it not only
plays a critical role in visual processing, such as exploring, coding, and
modulating the transmission of visual information (Halassa and Kastner,
2017; Petersen et al., 1987; Purushothaman et al., 2012; Robinson and
Petersen, 1992; Saalmann and Kastner, 2011; Zhou et al., 2016), but also
is involved in attention and salience (Robinson and Petersen, 1992;
Saalmann et al., 2012; Zhou et al., 2016), which are frequently impaired
in OCD patients (Abramovitch et al., 2012; de Geus et al., 2007; Hol-
lander et al., 1990; Muller and Roberts, 2005; Shin et al., 2014; Tukel
etal., 2012; Viard et al., 2005; Yovel et al., 2005). In addition, deformity
(Kang et al., 2008; Shaw et al., 2015) and altered functional activity
(Viard et al., 2005) of the pulvinar in OCD patients have been observed
in previous studies. Thus, the altered volume of pulvinar found in the
current study may be related to dysfunctional visuospatial memory and
abnormal attention accompanied by OCD.

In addition to the pulvinar, the left posterior thalamic nuclei, which
showed significantly smaller volumes in the OCD patients in the current
study, also includes the LGN and MGN regions, which are well known for
directly receiving sensory information from the periphery. The LGN is
not only understood to be a gateway for the visual pathway (Usrey and
Alitto, 2015) but also known to be involved in the modulation of
attentional responses to visual stimuli (Kastner et al., 2004; O’Connor
et al., 2002). Therefore, structural alterations in the LGN may also be
related to abnormalities in visuospatial dysfunction in OCD patients
(Hollander et al., 1990; Shin et al., 2014; Tukel et al., 2012; Viard et al.,
2005; Yovel et al., 2005). In addition, the MGN is another well-known
relay center for auditory information (Henkel, 2018). However, since
there are only a handful of studies that observed auditory dysfunction in
OCD patients, more research is required to examine the association
between the MGN and OCD pathophysiology.

One interesting point is that while the smaller volume of the left
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posterior thalamic nuclei had no correlation with OC symptom severity,
it was significantly associated with a later age of onset. These findings
may suggest that the left posterior thalamic nuclei are neural substrates
that underlie the pathophysiology of OCD related to the age of onset
rather than the current symptom severity, which fluctuates with time.
Furthermore, our results support prior studies that have reported re-
lationships between the volume of brain structures and age of onset in
OCD patients (Boedhoe et al., 2017; Exner et al., 2012; Kim et al., 2020;
Koprivova et al., 2009). The ENIGMA-OCD working group (Boedhoe
et al., 2017) reported that early-onset patients had a larger pallidum,
while late-onset patients had a smaller hippocampus, than controls. In
addition, Kim et al. (2020) found larger volumes of several cortical areas
in early-onset OCD patients, suggesting biological evidence for clinical
and neurocognitive differences related to age of onset. Other studies
have also reported cortical volumetric differences related to the onset
age (Exner et al., 2012; Koprivova et al., 2009).

This study has several limitations. First, since our MRI resolution (i.
e., 3 T) was suboptimal for accurate segmentation of individual thalamic
nuclei to the smallest level, we calculated and analyzed the volumes of
the nuclei groups. Second, the segmentation pipeline used in this study
relies on a probabilistic algorithm that produces a degree of uncertainty
to a quality of thalamic segmentation. Although we performed a thor-
ough visual inspection of the segmentation results and checked the
statistical outliers to confirm the quality of the segmentation results, the
current study results should be interpreted with caution regarding the
limitation of the segmentation pipeline. Third, information on symptom
dimensions was not provided in the current study, which makes it hard
to draw relevant conclusions about the neurobiological correlates of
symptom heterogeneity in OCD. Fourth, although we suggested an as-
sociation between thalamic subregional volume and age of onset, our
sample included adult patients whose age of onset was older than that of
pediatric OCD patients. Because many previous studies regarding the
onset age of OCD included pediatric participants with earlier onset than
our participants, future studies that include pediatric OCD patients are
needed to confirm the results of the current study.

5. Conclusions

To our knowledge, this is the first study that investigated thalamic
subregional volumes in a large sample of medication-free OCD patients.
The present study observed that OCD patients had a smaller volume of
the left posterior thalamic nuclei than HCs, which might be related to
impaired neurocognitive functions in individuals with OCD. In addition,
our results indicate that the volume of the posterior thalamic nuclei in
OCD patients may reflect the different pathophysiological mechanisms
of OCD related to the age of onset. Future studies with pediatric samples
would help to clarify the relationship between thalamic alterations and
onset age.
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