

[image: image1]
Volumetric assessment of individual thalamic nuclei in patients with drug-naïve, first-episode major depressive disorder













	 
	

	TYPE Original Research
PUBLISHED 22 March 2023
DOI 10.3389/fpsyt.2023.1151551





Volumetric assessment of individual thalamic nuclei in patients with drug-naïve, first-episode major depressive disorder

Enkhmurun Chibaatar1, Keita Watanabe2, Naomichi Okamoto1, Nasanbadrakh Orkhonselenge3, Tomoya Natsuyama1, Gaku Hayakawa1, Atsuko Ikenouchi1, Shingo Kakeda4 and Reiji Yoshimura1*

1Department of Psychiatry, University of Occupational and Environmental Health, Kitakyushu, Japan

2Open Innovation Institute, Kyoto University, Kyoto, Japan

3Department of Second Internal Medicine, University of Occupational and Environmental Health, Kitakyushu, Japan

4Department of Radiology, Graduate School of Medicine, Hirosaki University, Hirosaki, Japan

[image: image]

OPEN ACCESS

EDITED BY
Nuno Madeira, University of Coimbra, Portugal

REVIEWED BY
João Valente Duarte, University of Coimbra, Portugal
Taro Kishi, Fujita Health University, Japan

*CORRESPONDENCE
Reiji Yoshimura, yoshi621@med.uoeh-u.ac.jp

SPECIALTY SECTION
This article was submitted to Mood Disorders, a section of the journal Frontiers in Psychiatry

RECEIVED 26 January 2023
ACCEPTED 06 March 2023
PUBLISHED 22 March 2023

CITATION
Chibaatar E, Watanabe K, Okamoto N, Orkhonselenge N, Natsuyama T, Hayakawa G, Ikenouchi A, Kakeda S and Yoshimura R (2023) Volumetric assessment of individual thalamic nuclei in patients with drug-naïve, first-episode major depressive disorder.
Front. Psychiatry 14:1151551.
doi: 10.3389/fpsyt.2023.1151551

COPYRIGHT
© 2023 Chibaatar, Watanabe, Okamoto, Orkhonselenge, Natsuyama, Hayakawa, Ikenouchi, Kakeda and Yoshimura. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

Introduction: Despite the previous inconsistent findings of structural and functional abnormalities of the thalamus in patients with major depressive disorder (MDD), the disruption of the thalamic nuclei in the pathophysiology of this disorder has not yet been adequately studied. Therefore, we investigated the volumetric changes of thalamic subregions and their nuclei in drug-naïve, first-episode MDD patients. We also investigated the association between HAM-D scores, a clinical scale frequently used to evaluate the severity of depression and thalamic nuclei volumes in MDD patients.

Methods: This study included 76 drug-naïve MDD patients and an equal number of healthy subjects. Magnetic resonance imaging (MRI) data were obtained using a 3T MR system and thalamic nuclei volumes were evaluated using FreeSurfer ver.7.11. The volumetric differences were compared by one-way analysis of covariance (ANCOVA) and to ensure that effects were not accounted for by other factors, age, sex, and ETICV variables were included as covariates.

Results: We observed significant volume reductions of the left whole thalamus (p < 0.003) and several thalamic nuclei mostly on the left side in the MDD group compared with healthy controls (HCs). Furthermore, we have revealed weak negative correlations between several thalamic nuclei volumes and HAM-D total and subscale scores.

Discussion: This is the first research study to investigate alterations of the various thalamic nuclei volumes in MDD patients compared with HCs. Moreover, we first analyzed the association between individual thalamic nuclei volumes and HAM-D subscale scores. Though our study may be restricted at certain levels, especially by the demographic difference between the two groups, they possibly contribute at a preliminary level to understanding the thalamic structural changes at its subregions in patients with drug-naïve, first-episode MDD.
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1. Introduction

Major depressive disorder (MDD) is a highly devitalizing mental disease that is common, with a high lifetime prevalence of approximately 15–20% (1). Patients with MDD are bothered by irritable and empty feelings, loss of pleasure or interest, impaired cognitive function, and, most importantly, thoughts of death or suicide (2). Specific structural alterations in brain regions and circuits, including the cortico-striato-thalamo-cortical (CSTC) circuit, have been reported as pathophysiological models of MDD that explain impairments in emotional and cognitive processes (3, 4). Among the brain regions that show deterioration and involvement in the circuit, the thalamus has been a prominent topic because of its extensive connections with other areas and its critical roles in cognitive impairment (5, 6). Although the thalamus is formed into functionally segregated nuclei, each with distinct anatomical locations and physiological functions (7–9), disruption of the thalamic nuclei in MDD patients has not yet been adequately studied.

Recent structural magnetic resonance imaging (MRI) studies have revealed inconsistent findings regarding the thalamic structure in patients with first-episode MDD. While most of the studies have shown a reduced volume in the bilateral thalami (10–14) or the left thalamus (15, 16), other meta-analyses observed increased thalamic volumes in patients with MDD (17, 18). As a volumetric change in the whole thalamus does not inform us about the functional significance of the cognitive and emotional processes underlying the pathophysiology of MDD, only one study has investigated thalamic subregions in the context of MDD. Choi et al. reported contractions in the medial and lateral nuclei in participants with MDD compared with participants in the control group (19). However, a more comprehensive segmentation study of the thalamus is required to identify the potential role of specific thalamic nuclei in the pathophysiology of MDD. Determining whether specific nuclei primarily drive thalamic differences could pinpoint specific circuits more affected in MDD, providing a potential avenue for targeted treatment strategies.

In vivo estimation of thalamic nuclei volumes could be challenging because of the limited contrast of most structural MRI images, which affects the accurate delineation of the internuclear borders. However, recent advances in automated thalamic segmentation have allowed unbiased large-scale volumetric analysis of individual nuclei. For instance, a probabilistic atlas presented by Iglesias et al. (20) enabled automatic segmentation of the thalamus into 25 specific nuclei using ex vivo brain MRI, histological data, and an in vivo MRI segmentation atlas.

In the present study, we applied this method to investigate volumetric differences in six different thalamic subregions (anterior, lateral, ventral, intralaminar, medial, and posterior) between drug-naïve patients with MDD in their first episode and healthy controls (HCs). We also investigated the association between HAMD-17 scores, a clinical scale frequently used to evaluate the severity of depression, and thalamic nuclei volumes in patients with MDD. As this is the first study of volumetric differences within various nuclei of the thalamus in the context of MDD and all nuclei can be potentially relevant from a functional perspective, we did not postulate an a priori hypothesis regarding which nuclei show differences.



2. Materials and methods


2.1. Participants

Seventy-six drug-naïve MDD patients (34 males, 42 females) and seventy-six healthy subjects (50 males, 26 females) participated in this study (Table 1). All patients with MDD were recruited from the inpatient and outpatient clinics of the Department of Psychiatry at the University of Occupational and Environmental Health (UOEH) Hospital, according to the following criteria: (1) newly diagnosed with MDD based on standard criteria of the Diagnostic and Statistical Manual of Mental Disorders–5 (DSM-V); (2) scored equal to or more than 14 on the 17-items Hamilton Rating Scale for Depression (HAMD-17); (3) did not use antidepressants or other psychiatric drugs; and (4) had no previous history of medical illness, neurological, or psychiatric disorders. Healthy subjects were recruited from the community through advertisements according to the following criteria: (1) had never been diagnosed with any psychiatric disorders according to the Structured Clinical Interview for DSM Disorders (SCID), and (2) had no family history of a serious medical or neuropsychiatric disorder among their first-degree relatives. All participants provided written informed consent after the study procedure was explained. The study protocol was approved by the Ethics Committee of the UOEH and was conducted in accordance with the Declaration of Helsinki.


TABLE 1    Demographic and clinical characteristics of patients with MDD and healthy controls.
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2.2. Hamilton rating scale for depression

Hamilton Rating Scale for Depression HAMD-17 items were divided into the following subcategories: core (items 1, 2, 7, 8, 10, and 13), sleep (items 4 and 6), activity (items 7 and 8), psychic (items 9 and 10), and somatic anxiety (items 11 and 13), similar to our previous work (21, 22).



2.3. Structural MRI acquisition

Magnetic resonance imaging data were obtained using a 3T MR system (Signa EXCITE 3T; GE Healthcare, Waukesha, WI, USA) with an 8-channel brain phased-array coil. Images were acquired using three-dimensional fast-spoiled gradient-recalled acquisition (3D-FSPGR). The acquisition parameters were as follows: repetition time/echo time, 10/4.1 msec; flip angle, 10°; field of view, 24 cm; resolution, 0.9 mm × 0.9 mm × 1.2 mm. All images were corrected for image distortion due to gradient non-linearity using the “Grad Warp” software program (23).



2.4. Image processing (thalamic segmentation)

FreeSurfer ver.7.11 (24) was used to evaluate the volume of thalamic subregions. This fully automated segmentation technique for thalamic nuclei is based on a prior probabilistic atlas and a Bayesian modeling approach (20). The bilateral thalami were generated in each subject for 25 nuclei in six different regions (Figure 1) and the whole thalamus. The left and right substructures were analyzed separately. Furthermore, the estimated intracranial volume was also calculated using “Aseg segmentation.”
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FIGURE 1
Segmentation of the thalamic nuclei. The example of probabilistic segmentation (not all segmentations are shown) of the thalamus generated by FreeSurfer ver.7.11 (23). Anterior region: AV, anteroventral. Intralaminar region: CeM, central medial; CM, centromedian; Pf, Parafascicular; medial region: MDI, mediodorsal lateral parvocellular; MDm, mediodorsal medial magnocellular; MV-re, medial ventral reuniens; Pt, paratenial. Posterior region: MGN, medial geniculate; PuA, pulvinar anterior; PuI, pulvinar inferior; PuL, pulvinar lateral; PuM, pulvinar medial. Ventral region: VA, ventral anterior; VAmc, ventral anterior magnocellular; VLa, ventral lateral anterior; VLp, ventral lateral posterior; VM, ventromedial; VPL, ventral posterolateral.




2.5. Statistical analyses

All statistical analyses were performed using IBM SPSS Statistics (version 26.0; SPSS Inc., Chicago, IL, USA). We performed independent t-tests and x2 tests to compare the demographic and clinical data between patients with MDD and HCs. To investigate the volumetric differences, a one-way analysis of covariance (ANCOVA) was used to ensure that the effects were not accounted for by other factors; age, sex, and ETICV variables were included as covariates. The assumptions of normal distribution, linearity, and homogeneity of variance were tested and verified. The Bonferroni’s correction method was used for multiple comparisons. To examine the association between thalamic nuclei volumes and HAMD-17 scores, we performed a partial correlation analysis with age, sex, and ETICV as covariates. Results were considered statistically significant at p < 0.05.




3. Results


3.1. Demographic and clinical data

The demographic and clinical characteristics of patients with MDD and HCs are shown in Table 1. Significant differences (p < 0.05) were observed between the groups in age, sex, and estimated total intracranial volume (ETICV). However, these variables were used as covariates to eliminate their effects in further analyses. Table 1 also showed HAM-D total and subscale scores in the MDD group. Notably, all patients with MDD were in the first episode and were medication-free.



3.2. Volumetric analysis

Table 2 shows the thalamic volume as a whole and the individual nuclei. The right thalamic volume was not different between the two groups of patients with MDD and HCs; in contrast, the left thalamus was significantly different (p < 0.003). Regarding individual nuclei, significant differences were detected in 16 nuclei belonging to five regions, including the lateral, ventral, intralaminar, medial, and posterior regions, in which we found volume reductions in patients with MDD. Intergroup volumetric changes showing significance are summarized in Figures 2, 3. We found a significant bilateral volumetric decrease in the Pc nuclei of the intralaminar regions (L: p = 0.01; R: p = 0.03) and MDm nuclei of the medial regions (L: p = 0.01; R: p = 0.05). We also observed significant volumetric reductions in several nuclei of the left thalamus. Specifically, Left-LD (p < 0.001) in the lateral region, left VAmc (p = 0.03), left VLp (p = 0.03), left VPL (p = 0.04), and left VM (p = 0.02) in the ventral region, left CL (p = 0.03), left CM (p = 0.04) in the intralaminar region, left Pt (p = 0.03), and left MDI (p = 0.01) in the medial region. Last of all, left-LGN (p = 0.03), left-PuA (p = 0.02), and left-PuL (p = 0.04) in the posterior region.


TABLE 2    Differences in thalamic nuclei volumes between patients with MDD and healthy control.
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FIGURE 2
Schematic figure of the altered thalamic nuclei. Schematic illustration of altered thalamic nuclei. The nuclei in the red represent the significant volume alteration in patients with MDD as compared with HCs. The figure shows the left thalamic nuclei are significantly reduced compared with the right thalamic nuclei. AV, anteroventral; LD, laterodorsal; LP, lateral posterior; VA, ventral anterior; VAmc, ventral anterior magnocellular; VLa, ventral lateral anterior; VLp, ventral lateral posterior; VPL, ventral posterolateral; VM, ventromedial; CeM, central medial, CL, central lateral; Pc, paracentral; CM, centromedian; Pf, parafascicular; Pt, paratenial; MV-re, medial ventral reuniens; MDm, mediodorsal medial magnocellular; MDI, mediodorsal lateral parvocellular; LGN, lateral geniculate; MGN, medial geniculate; L-Sg, limitans suprageniculate; PuA, pulvinar anterior; PuM, pulvinar medial; PuL, pulvinar lateral; PuI, pulvinar inferior.
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FIGURE 3
The volumetric differences of thalamic nuclei between MDD patients and HCs. Significant volume differences between groups. p-values were obtained using a one-way analysis of covariance (ANCOVA) adjusted for age, sex, and estimated total intracranial cavity volume (ETICV) as covariates. The Bonferroni’s correction was applied, *p < 0.05 and **p < 0.03.




3.3. Correlation analysis

The results of partial correlation analyses between affected nuclei volume and depression severity, as assessed by the HAMD-17 score, are shown in Figure 4. We found that the HAMD-17 total score was negatively correlated with the volume of the left thalamus (r = −0.232, p = 0.05), VAmc (L: r = −0.262, p = 0.03), and PuA (r = –0.241, p = 0.04) in the left thalamus, and Pc (r = −0.293, p = 0.01) in the right thalamus. Moreover, we assessed the relationship between affected nuclei and HAMD-17 subscale scores. Only three nuclei showed a negative correlation. The right Pc was correlated with the core score (r = −0.267, p = 0.02), and the left-PuA was associated with the core (r = −0.243, p = 0.04) and activity scores (r = −0.247, p = 0.04). Interestingly, only the right-MDm was negatively correlated with core (r = −0.270, p = 0.02), sleep (r = −0.274, p = 0.02), activity (r = −0.309, p = 0.01), and anxiety (r = −0.306, p = 0.01) scores.
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FIGURE 4
Significant correlations between the affected nuclei volume and HAMD-17 total and subscale scores. The figure represents the correlation between affected nuclei volume and depression severity, as assessed by the HAMD-17 score.





4. Discussion

In the present study, volumetric changes in various nuclei in six different regions of the bilateral thalami were investigated in medication-free, first-episode MDD patients relative to HCs. We observed significant volume reductions in the left thalamus and several thalamic nuclei, mainly on the left side, in the MDD group. Furthermore, we revealed weak negative correlations between several thalamic nuclei volumes and the HAMD-17 total and subscale scores.

As emerging perspectives on the thalamus and its role in the neuropathology of depression, several studies have investigated thalamic volume in patients with MDD. Following the earliest study that reported significant bilateral thalamic volume reduction in female subjects diagnosed with MDD (10), assorted studies have confirmed this result in different subjects with MDD (11–14, 19), including older adults (10, 14), patients with mild symptoms (13), and drug naïve MDD patients (19). In this study, we found thalamic volume contraction only on the left side, which is consistent with some volumetric studies in recent years (15, 16). However, these studies have several limitations compared to our research. They analyzed the thalamus as a whole or segmented it into subregions while we investigated the alterations of 25 individual thalamic nuclei volumes. Even so, previous meta-analyses that enrolled drug-naïve MDD patients revealed significantly increased gray matter volume in the thalamus (17, 18), contradictory to our findings. All participants with MDD in our study were medication-free, and in their first episode, like those in the meta-analyses, their average age was higher (53.7) compared with MDD patients in the previous studies. Therefore, these opposing results of increased volumetric changes in the thalamus may be specifically related to the patient’s age and could reflect early thalamic hyperfunction (14).

According to thalamic nuclei functions, some nuclear groups are known as relay stations. They receive specific and well-defined motor and sensory information inputs and project them to the brain cortex. Previous functional studies have reported that the lateral and ventral nuclei of the thalamus process motor and somatosensory information and support alertness and arousal in humans (25–27), as well as in rodents (28). The importance of the posterior region, especially the LGN, was also reported in a recent meta-analysis (29). In the present study, we found significant reductions in LD nuclei in the lateral region, VAmc, VLp, VPL, and VM nuclei in the ventral region, and LGN in the posterior region of the left thalamus in patients with MDD compared to HCs. Given that physical pain and psychomotor retardation or agitation often present symptoms of MDD (30, 31), we assumed that contractions in these nuclei could be related to the above-mentioned somatic symptoms. However, further functional and connectivity studies are required to provide further insight.

Intralaminar nuclei, known as “non-specific” nuclei of the thalamus, seem to be broadly connected with the entire cortex and globally activate it (32). In the current study, we found that patients with MDD had significantly decreased intralaminar nuclei of the CL and CM in the left thalamus and Pc in the bilateral thalamus. However, it is not clear whether volume reductions in these nuclei play a crucial role in MDD, and the concept that intralaminar nuclei can facilitate some depression symptoms is consistent with the findings of previous studies indicating that lesions to the intralaminar nuclei lead to attention diminishment. For example, Van Der Werf et al. (33) reported that damage to this area elicits complex attention deficits. Furthermore, other findings detailed the contribution of rostral intralaminar nuclei, together with CL, Pc, and CM, to extended cognitive and behavioral functions (34–36). Relating to the major depression symptoms of insufficient concentration and indecisiveness, our results of depletion in rostral intralaminar nuclei, specifically Pc nuclei in the bilateral thalamus in MDD patients, consistently support prior outcomes, such as the influence of cognitive processes (37), impairment of working memory (38), and attentional engagement of sensory events (35). Thus, our findings suggest that alterations in these rostral intralaminar nuclei could be related to depression-related arousal, awareness, and attention deficits in patients with MDD.

Among the thalamus parts that showed differences in patients with MDD, the medial and pulvinar have been the regions of interest because of their significant interconnection with the prefrontal cortex and other subcortical structures. The results of the study of many neuropsychiatric disorders reported changes in these regions of the thalamus, particularly in obsessive-compulsive disorder (OCD) (39, 40), psychosis (41), schizophrenia (42, 43), and Parkinson’s disease (44). As for depression, few studies have investigated the structural (19) and functional (45) alterations of medial and pulvinar regions in MDD patients. Although the results of these previous studies were consistent with the outcomes of our research, none of them investigated detailed structural changes in the different nuclei of the thalamus. In particular, the mediodorsal (MD) nuclei and pulvinar nuclei (Pu). MD, one of the largest nuclei of the thalamus, is primarily involved in emotional, cognitive, and behavioral processing and is often impaired in depression (1). We found altered MDm, Pt, and MDI nucleus volumes in the current study. Above all, only the MDm nucleus showed differences on both sides of the thalamus, whereas the remaining two were on the left side. Given that the MD nuclei or its medial part physiologically interact with the prefrontal cortex during cognitive function (46) and emotion regulation (24), our findings suggest that alterations in the MD nuclei could be directly related to emotional and behavioral failure in MDD through involvement in the orbitofrontal circuit. Indeed, we observed volume reductions in the PuA and PuL nuclei of the left thalamus. Pu, the largest nuclear mass, is involved in executive function and emotional processing (47). Moreover, its circuit with the cortex predicts cognition in many psychiatric disorders, including schizophrenia (48) and psychosis (41).

Similarly, it showed a positive response to antidepressant treatment (49, 50). The Pu nuclei also play a role in attention (51), indicating that it could influence the dysfunctional cognition process and abnormal emotional behaviors accompanying MDD; whether the relationship between depression and structural changes in the thalamic nuclei in MDD remains a critical argument that requires further specifically designed approaches.

We also investigated the correlations between the HAMD-17 total and subscale scores and the affected thalamic nuclei volumes in patients with MDD. We found a weak negative correlation between the left thalamus and HAMD-17 total score, which supports previous reports of an association between thalamic volume and depression severity (52). Moreover, in the left thalamus, VAmc and PuA nuclei were negatively associated with evaluation scores. These findings suggest that the nuclei of the ventral and posterior regions of the thalamus are negatively correlated with depression severity, suggesting their involvement in the anterior cingulate-prefrontal circuit (53). Regarding HAMD-17 subscale scores, the PuA nucleus of the left thalamus and Pc and MDm nuclei of the right thalamus showed a weak negative correlation with the core score, which might suggest their role in the core symptoms of depression, including depressed mood, loss of energy, and difficulty with memory and attention (45). Interestingly, only the right MDm nucleus was negatively correlated with sleep, activity, and anxiety scores. As the MDm nuclei have extensive efferent and afferent connections with the prefrontal cortex, motor cortex, basal ganglia, and amygdala, this result suggests that structural changes in the MDm nuclei may be relevant for explaining MDD symptoms, which are poorly understood (54). In support of this proposal, future studies will benefit from using longitudinal approaches that investigate the functional and structural relationships between specific thalamic nuclei and the clinical symptoms of MDD.

To the best of our knowledge, this is the first MDD study to investigate alterations in the volumes of various thalamic nuclei compared with HCs. Moreover, we first analyzed the association between individual thalamic nuclei volumes and HAMD-17 subscale scores. Nevertheless, this study had several limitations that should be addressed. First, we used a cross-sectional design, which makes it challenging to investigate the causal association between structural changes and clinical features. Second, we enrolled a relatively small sample without age and sex matching, limiting the generalizability of our results. Even though the analysis was statistically adjusted, demographic indicators between the two groups were different. Therefore, to understand the role of different regions of the thalamus in the pathophysiology of depression, longitudinal studies with larger age- and gender-matched sample sizes are required. Third, we did not investigate detailed clinical data, including handedness, educational year, age of onset, and duration of illness, which might have influenced the volumetric changes we reported. Finally, the present volumetric study did not point to functional abnormalities or neuronal plasticity associated with depression; thus, additional work is required to elucidate alternative explanations for the connections between structural and functional pathology and depressive symptoms.



5. Conclusion

In summary, our findings showed a reduction in the volume of the left thalamus in medication-free patients with MDD. The volumetric data of specific thalamic nuclei also showed alterations, mainly on the left side. In addition, our results also highlight the relationship between thalamic nuclei volume and the severity of clinical symptoms, suggesting an association between volumetric alteration of various nuclei in the thalamus relevant to the clinical outcome of depression. Although these findings may be restricted to certain levels, they may contribute to understanding brain structural changes in MDD and highlight the need for further investigation.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of the University of Occupational and Environmental Health, Japan. The patients/participants provided their written informed consent to participate in this study.



Author contributions

EC, KW, SK, and RY: study conception and design. KW, NOk, TN, GH, AI, SK, and RY: data collection. EC, KW, and NOr: analysis and interpretation of results. EC: draft manuscript preparation. All authors reviewed the results and approved the final version of the manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Malhi G, Mann J. Depression. Lancet. (2018) 392:2299–312. doi: 10.1016/S0140-6736(18)31948-2

2. Otte C, Gold S, Penninx B, Pariante C, Etkin A, Fava M, et al. Major depressive disorder. Nat Rev Dis Primers. (2016) 2:16065. doi: 10.1038/nrdp.2016.65

3. Peters S, Dunlop K, Downar J. Cortico-striatal-thalamic loop circuits of the salience network: a central pathway in psychiatric disease and treatment. Front Syst Neurosci. (2016) 10:104. doi: 10.3389/fnsys.2016.00104

4. Zhang F, Peng W, Sweeney J, Jia Z, Gong Q. Brain structure alterations in depression: psychoradiological evidence. CNS Neurosci Ther. (2018) 24:994–1003. doi: 10.1111/cns.12835

5. Zacková L, Jáni M, Brázdil M, Nikolova Y, Mareèková K. Cognitive impairment and depression: meta-analysis of structural magnetic resonance imaging studies. Neuroimage Clin. (2021) 32:102830. doi: 10.1016/j.nicl.2021.102830

6. Yang C, Xiao K, Ao Y, Cui Q, Jing X, Wang Y. The thalamus is the causal hub of intervention in patients with major depressive disorder: evidence from the Granger causality analysis. NeuroImage Clin. (2022) 37:103295. doi: 10.1016/j.nicl.2022.103295

7. Sherman S. The thalamus is more than just a relay. Curr Opin Neurobiol. (2007) 17:417–22. doi: 10.1016/j.conb.2007.07.003

8. Phillips J, Kambi N, Redinbaugh M, Mohanta S, Saalmann Y. Disentangling the influences of multiple thalamic nuclei on prefrontal cortex and cognitive control. Neurosci Biobehav Rev. (2021) 128:487–510. doi: 10.1016/j.neubiorev.2021.06.042

9. Roy D, Zhang Y, Halassa M, Feng G. Thalamic subnetworks as units of function. Nat Neurosci. (2022) 25:140–53. doi: 10.1038/s41593-021-00996-1

10. Kim MJ, Hamilton JP, Gotlib IH. Reduced caudate gray matter volume in women with major depressive disorder. Psychiatry Res. (2008) 164:114–22. doi: 10.1016/j.pscychresns.2007.12.020

11. Bora E, Harrison B, Davey C, Yücel M, Pantelis C. Meta-analysis of volumetric abnormalities in cortico-striatal-pallidal- thalamic circuits in major depressive disorder. Psychol Med. (2012) 42:671–81. doi: 10.1017/S0033291711001668

12. Nugent A, Davis R, Zarate C, Drevets W. Reduced thalamic volumes in major depressive disorder. Psychiatry Res. (2013) 213:179–85. doi: 10.1016/j.pscychresns.2013.05.004

13. Webb C, Weber M, Mundy E, Killgore W. Reduced gray matter volume in the anterior cingulate, orbitofrontal cortex and thalamus as a function of mild depressive symptoms: a voxel-based morphometric analysis. Psychol Med. (2014) 44:2833–43. doi: 10.1017/S0033291714000348

14. Ancelin M, Carrière I, Artero S, Maller J, Meslin C, Ritchie K, et al. Lifetime major depression and grey-matter volume. J Psychiatry Neurosci. (2019) 44:45–53. doi: 10.1503/jpn.180026

15. Du M, Wu Q, Yue Q, Li J, Liao Y, Kuang W, et al. Voxelwise meta-analysis of gray matter reduction in major depressive disorder. Prog Neuropsychopharmacol Biol Psychiatry. (2012) 36:11–6. doi: 10.1016/j.pnpbp.2011.09.014

16. Lu Y, Liang H, Han D, Mo Y, Li Z, Cheng Y, et al. The volumetric and shape changes of the putamen and thalamus in first episode, untreated major depressive disorder. NeuroImage Clin. (2016) 11:658–66. doi: 10.1016/j.nicl.2016.04.008

17. Zhao Y, Du M, Huang X, Lui S, Chen Z, Liu J, et al. Brain grey matter abnormalities in medication-free patients with major depressive disorder: a meta-analysis. Psychol Med. (2014) 44:2927–37. doi: 10.1017/S0033291714000518

18. Peng W, Chen Z, Yin L, Jia Z, Gong Q. Essential brain structural alterations in major depressive disorder: a voxel-wise meta-analysis on first episode, medication-naive patients. J Affect Disord. (2016) 199:114–23. doi: 10.1016/j.jad.2016.04.001

19. Choi K, Han K, Kim H, Kim A, Kang W, Kang Y, et al. Comparison of shape alterations of the thalamus and caudate nucleus between drug-naïve major depressive disorder patients and healthy controls. J Affect Disord. (2020) 264:279–85. doi: 10.1016/j.jad.2020.01.011

20. Iglesias J, Insausti R, Lerma-Usabiaga G, Bocchetta M, Van Leemput K, Greve D, et al. A probabilistic atlas of the human thalamic nuclei combining ex vivo MRI and histology. NeuroImage. (2018) 183:314–26. doi: 10.1016/j.neuroimage.2018.08.012

21. Igata N, Kakeda S, Watanabe K, Ide S, Kishi T, Abe O, et al. Voxel-based morphometric brain comparison between healthy subjects and major depressive disorder patients in japanese with the s/s genotype of 5-HTTLPR. Sci Rep. (2017) 7:3931. doi: 10.1038/s41598-017-04347-8

22. Tesen H, Watanabe K, Okamoto N, Ikenouchi A, Igata R, Konishi Y, et al. Volume of amygdala subregions and clinical manifestations in patients with first-episode, drug-naïve major depression. Front Hum Neurosci. (2021) 15:780884. doi: 10.3389/fnhum.2021.780884

23. Jovicich J, Czanner S, Greve D, Haley E, Van Der Kouwe A, Gollub R, et al. Reliability in multi-site structural MRI studies: effects of gradient non-linearity correction on phantom and human data. NeuroImage. (2006) 30:436–43. doi: 10.1016/j.neuroimage.2005.09.046

24. Fischl B. FreeSurfer. NeuroImage. (2012) 62:774–81. doi: 10.1016/j.neuroimage.2012.01.021

25. Johansen-Berg H, Behrens T, Sillery E, Ciccarelli O, Thompson A, Smith S, et al. Functional-anatomical validation and individual variation of diffusion tractography-based segmentation of the human thalamus. Cereb Cortex. (2005) 15:31–9. doi: 10.1093/cercor/bhh105

26. Kumar V, van Oort E, Scheffler K, Beckmann C, Grodd W. Functional anatomy of the human thalamus at rest. NeuroImage. (2017) 147:678–91. doi: 10.1016/j.neuroimage.2016.12.071

27. Honnorat N, Saranathan M, Sullivan E, Pfefferbaum A, Pohl K, Zahr N. Performance ramifications of abnormal functional connectivity of ventral posterior lateral thalamus with cerebellum in abstinent individuals with alcohol use disorder. Drug Alcohol Depend. (2021) 220:108509. doi: 10.1016/j.drugalcdep.2021.108509

28. Tlamsa A, Brumberg J. Organization and morphology of thalamocortical neurons of mouse ventral lateral thalamus. Somatosens Mot Res. (2010) 27:34–43. doi: 10.3109/08990221003646736

29. Wu W, Howard D, Sibille E, French L. Differential and spatial expression meta-analysis of genes identified in genome-wide association studies of depression. Transl Psychiatry. (2021) 11:8. doi: 10.1038/s41398-020-01127-3

30. Sobin C, Sackeim H. Psychomotor symptoms of depression. Am J Psychiatry. (1997) 154:4–17. doi: 10.1176/ajp.154.1.4

31. Trivedi M. The link between depression and physical symptoms. Prim Care Companion J Clin Psychiatry. (2004) 6:12–6.

32. Groenewegen H, Berendse H. The Specificity of the ‘nonspecific’ Midline and intralaminar thalamic Nuclei. Trends Neurosci. (1994) 17:52–7. doi: 10.1016/0166-2236(94)90074-4

33. Van Der Werf Y, Scheltens P, Lindeboom J, Witter M, Uylings H, Jolles J. Deficits of memory, executive functioning and attention following infarction in the thalamus; a study of 22 cases with localised lesions. Neuropsychologia. (2003) 41:1330–44. doi: 10.1016/S0028-3932(03)00059-9

34. Schiff N. Central thalamic contributions to arousal regulation and neurological disorders of consciousness. In Ann N Y Acad Sci. (2008) 1129:105–18. doi: 10.1196/annals.1417.029

35. Schiff N, Shah S, Hudson A, Nauvel T, Kalik S, Purpura K. Gating of attentional effort through the central thalamus. J Neurophysiol. (2013) 109:1152–63. doi: 10.1152/jn.00317.2011

36. Cover K, Mathur B. Rostral intralaminar thalamus engagement in cognition and behavior. Front Behav Neurosci. (2021) 15:652764. doi: 10.3389/fnbeh.2021.652764

37. Vertes R, Linley S, Hoover W. Limbic circuitry of the midline thalamus. Neurosci Biobehav Rev. (2015) 54:89–107. doi: 10.1016/j.neubiorev.2015.01.014

38. Mair R, Hembrook J. Memory enhancement with event-related stimulation of the rostral intralaminar thalamic nuclei. J Neurosci. (2008) 28:14293–300. doi: 10.1523/JNEUROSCI.3301-08.2008

39. Jurng J, Park H, Kim T, Park I, Moon S, Lho S, et al. Smaller volume of posterior thalamic nuclei in patients with obsessive-compulsive disorder. NeuroImage Clin. (2021) 30:102686. doi: 10.1016/j.nicl.2021.102686

40. Weeland C, Vriend C, van der Werf Y, Huyser C, Hillegers M, Tiemeier H, et al. Thalamic subregions and obsessive-compulsive symptoms in 2,500 children from the general population. J Am Acad Child Adolesc Psychiatry. (2022) 61:321–30. doi: 10.1016/j.jaac.2021.05.024

41. Huang A, Rogers B, Sheffield J, Jalbrzikowski M, Anticevic A, Blackford J, et al. Thalamic nuclei volumes in psychotic disorders and in youths with psychosis spectrum symptoms. Am J Psychiatry. (2020) 177:1159–67. doi: 10.1176/appi.ajp.2020.19101099

42. Takahashi T, Tsugawa S, Nakajima S, Plitman E, Chakravarty M, Masuda F, et al. Thalamic and striato-pallidal volumes in schizophrenia patients and individuals at risk for psychosis: a multi-atlas segmentation study. Schizophr Res. (2022) 243:268–75. doi: 10.1016/j.schres.2020.04.016

43. Perez-Rando M, Elvira UKA, García-Martí G, Gadea M, Aguilar EJ, Escarti MJ, et al. Alterations in the volume of thalamic nuclei in patients with schizophrenia and persistent auditory hallucinations. NeuroImage Clin. (2022) 35:103070. doi: 10.1016/j.nicl.2022.103070

44. Bhome R, Zarkali A, Thomas G, Iglesias J, Cole J, Weil R. Thalamic white matter macrostructure and subnuclei volumes in Parkinson’s disease depression. NPJ Parkinsons Dis. (2022) 8:2. doi: 10.1038/s41531-021-00270-y

45. Kang L, Zhang A, Sun N, Liu P, Yang C, Li G, et al. Functional connectivity between the thalamus and the primary somatosensory cortex in major depressive disorder: a resting-state FMRI study. BMC Psychiatry. (2018) 18:339. doi: 10.1186/s12888-018-1913-6

46. Ouhaz Z, Fleming H, Mitchell A. Cognitive functions and neurodevelopmental disorders involving the prefrontal cortex and mediodorsal thalamus. Front Neurosci. (2018) 12:33. doi: 10.3389/fnins.2018.00033

47. Hakamata Y, Sato E, Komi S, Moriguchi Y, Izawa S, Murayama N, et al. The functional activity and effective connectivity of pulvinar are modulated by individual differences in threat-related attentional bias. Sci Rep. (2016) 6:34777. doi: 10.1038/srep34777

48. Mitelman S, Byne W, Kemether E, Hazlett E, Buchsbaum M. Correlations between volumes of the pulvinar, centromedian, and mediodorsal nuclei and cortical Brodmann’s areas in schizophrenia. Neurosci Lett. (2006) 392:16–21. doi: 10.1016/j.neulet.2005.08.056

49. Tadayonnejad R, Ajilore O, Mickey B, Crane N, Hsu D, Kumar A, et al. Pharmacological modulation of pulvinar resting-state regional oscillations and network dynamics in major depression. Psychiatry Res Neuroimaging. (2016) 252:10–8. doi: 10.1016/j.pscychresns.2016.04.013

50. Kraus C, Klöbl M, Tik M, Auer B, Vanicek T, Geissberger N, et al. The pulvinar nucleus and antidepressant treatment: dynamic modeling of antidepressant response and remission with ultra-high field functional MRI. Mol Psychiatry. (2019) 24:746–56. doi: 10.1038/s41380-017-0009-x

51. Saalmann Y, Pinsk M, Wang L, Li X, Kastner S. The pulvinar regulates information transmission between cortical areas based on attention demands. Science. (2012) 337:753–6. doi: 10.1126/science.1223082

52. Li H, Song S, Wang D, Tan Z, Lian Z, Wang Y, et al. Individualized diagnosis of major depressive disorder via multivariate pattern analysis of thalamic SMRI features. BMC Psychiatry. (2021) 21:415. doi: 10.1186/s12888-021-03414-9

53. Haber S, Calzavara R. The cortico-basal ganglia integrative network: the role of the thalamus. Brain Res Bull. (2009) 78:69–74. doi: 10.1016/j.brainresbull.2008.09.013

54. Grill W. Exploring the thalamus and its role in cortical function. 2nd ed. In: Sherman S, Guillery R Ill editors. Index. Cambridge, MA: MIT Press (2007). XXIII+484 p. doi: 10.1086/519647


OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Volumetric assessment of individual thalamic nuclei in patients with drug-naïve, first-episode major depressive disorder



		1. Introduction



		2. Materials and methods



		2.1. Participants



		2.2. Hamilton rating scale for depression



		2.3. Structural MRI acquisition



		2.4. Image processing (thalamic segmentation)



		2.5. Statistical analyses







		3. Results



		3.1. Demographic and clinical data



		3.2. Volumetric analysis



		3.3. Correlation analysis







		4. Discussion



		5. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher’s note



		References

















OPS/images/fpsyt-14-1151551-t001.jpg
Characteristics

Patients with

Healthy controls

MDD (n = 76) (n=76)
Age 53.71 17.07 35.66 =+ 12.07
Gender
Male (1, %) 34 (44.74%) 50 (65.79%)
Female (1, %) 42 (55.26%) 26 (34.21%)

ETICV (mm® +SD)

1521 10° +1.74 10°

15.89 10° #+1.36 10°

HAMD-17 total score

22.45 6.283

HAMD-17 subscale score

Core (0-22) 10.18 £ 3.56 -
Sleep (0-4) 2434+ 1.13 -
Activity (0-8) 3.82+ 151 -
Psychic (0-8) 2.78 £1.28 -
Anxiety (0-6) 2.71£1.20 -

Values represent the mean =+ SD unless otherwise stated. MDD, major depressive disorder;
ETICV, estimated total intracranial cavity volume; HAMD-17, 17 items hamilton depres-

sion rating scale.





OPS/images/fpsyt-14-1151551-t002.jpg
Thalamic nucleus Patients with

MDD (n = 76)

Healthy controls (n = 76)

Mean, mm3 SD, mm? Mean, mm3 SD, mm?®
Left whole thalamus 6425.39 865.44 7293.72 795.60 8.91 0.003*
Right whole thalamus 6493.89 805.46 7170.51 747.52 2.88 0.092
Anterior
Left-AV 137.96 23.19 151.09 24.50 2.73 0.101
Right-AV 145.07 26.32 158.22 25.36 3.10 0.080
Lateral
Left-LD 24.31 7.47 32.71 8.04 13.84 <0.001*
Right-LD 28.44 8.57 33.91 8.60 1.69 0.195
Left-LP 124.01 24.66 141.73 19.73 3.09 0.081
Right-LP 117.41 24.75 134.81 20.77 2.63 0.107
Ventral
Left-VA 404.61 68.30 449.40 61.21 2.44 0.121
Right-VA 377.08 60.65 421.18 54.23 1.97 0.162
Left-VAmc 31.89 5.93 36.36 4.83 5.05 0.026*
Right-VAmc 32.16 5.73 36.01 4.67 1.40 0.238
Left-VLa 636.55 103.85 701.07 90.93 3.37 0.069
Right-VLa 612.95 96.15 672.73 88.98 1.34 0.248
Left-VLp 835.66 126.17 922.67 112.70 4.66 0.033*
Right-VLp 799.73 118.25 882.43 111.00 2.04 0.155
Left-VPL 892.78 142.20 984.15 137.13 4.51 0.035*
Right-VPL 844.68 127.75 935.08 127.83 2.55 0.112
Left-VM 23.57 3.93 26.51 3.93 5.49 0.020*
Right-VM 22.71 3.71 25.01 3.55 1.19 0.278
Intralaminar
Left-CeM 66.41 13.52 73.25 12.26 1.34 0.249
Right-CeM 70.38 14.87 75.53 11.52 0.32 0.572
Left-CL 38.84 8.04 45.76 9.20 4.84 0.029*
Right-CL 40.96 9.48 46.35 10.92 0.85 0.359
Left-Pc 3.54 0.61 4.07 0.57 6.20 0.014*
Right-Pc 3.84 0.69 4.47 0.63 4.69 0.032*
Left-CM 250.08 44.34 279.85 40.62 4.31 0.040*
Right-CM 241.02 39.88 264.69 41.00 1.19 0.276
Left-Pf 59.70 11.09 67.40 10.21 3.18 0.077
Right-Pf 61.66 12.35 67.57 13.85 0.95 0.332
Medial
Left-Pt 7.44 1.13 8.13 1.16 4.88 0.029*
Right-Pt 7.35 1.13 8.08 1.05 2.34 0.128
Left-MV-re 11.64 3.30 13.77 3.24 1.28 0.260
Right-Mv-re 11.92 3.71 13.79 3.40 0.14 0.706
Left-MDm 678.72 153.81 828.76 119.61 6.39 0.013*
Right-MDm 683.59 130.05 814.32 129.87 4.09 0.045*
Left-MDI 242.05 48.06 292.95 45.27 6.48 0.012*
Right-MDI 247.92 50.93 291.45 52.47 1.81 0.181
Posterior
Left-LGN 275.52 55.69 313.47 55.25 5.09 0.026*
Right-LGN 267.60 59.66 304.56 53.34 2.29 0.132
Left-MGN 118.09 22.45 126.93 21.94 0.00 0.989
Right-MGN 120.01 25.67 128.33 23.17 0.04 0.841
Left-L-Sg 24.70 7.74 28.56 7.36 0.10 0.749
Right-L-Sg 19.76 7.44 23.17 8.03 1.24 0.267
Left-PuA 184.25 32.09 215.47 34.22 5.57 0.020*
Right-PuA 200.68 29.13 218.36 24.58 0.11 0.739
Left-PuM 939.24 169.40 1087.96 195.19 3.52 0.062
Right-PuM 1062.58 156.02 1135.65 146.29 0.00 0.947
Left-Pul 192.74 38.20 213.04 45.61 4.28 0.040*
Right-PuL 219.68 46.29 215.71 49.36 0.13 0.717
Left-Pul 221.10 46.93 248.66 53.71 2.20 0.140
Right-Pul 254.70 49.88 259.09 53.25 0.03 0.873
AV, anteroventral; LD, laterodorsal; LP, lateral posterior; VA, ventral anterior; VAmc, ventral anterior magnocellular; VLa, ventral lateral anterior; VLp, ventral lateral posterior; VPL, ventral
posterolateral; VM, ventromedial; CeM, central medial, CL, central lateral; Pc, paracentral; CM, centromedian; Pf, parafascicular; Pt, paratenial; MV-re, medial ventral reuniens; MDm,
mediodorsal medial magnocellular; MDI, mediodorsal lateral parvocellular; LGN, lateral geniculate; MGN, medial geniculate; L-Sg, limitans suprageniculate; PuA, pulvinar anterior; PuM,
pulvinar medial; PuL, pulvinar lateral; Pul, pulvinar Inferior. The F and p-values were obtained using a one-way analysis of covariance (ANCOVA) adjusted for age, sex, and estimated total

intracranial cavity volume (ETICV) as covariates. The Bonferroni’s correction was applied, *p < 0.05.





OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Psychiatry

Volumetric assessment
of individual thalamic nuclei
In patients with drug-naive,
first-episode major depressive
disorder





OPS/images/fpsyt-14-1151551-g001.jpg
AV
CeM
CM
MDI
MDm
MGN
MV(Re)
Pf

Pt
PuA
Pul
PulL
PuM
VA
VAmc
V0La
V0Lp
VM
VPL







OPS/images/fpsyt-14-1151551-g004.jpg
RN

:

Left thalamus volume, mm?®

:

N

W

(=
1

S
1

150

Left-PuA volume, mm?

Fpartar™ -0-24, p=0.04

100
AUV

6..
1 E
£
g 8=
=
e
o 3
-
2
0
1200 —
2 o
g
E
g s00-
S -
pO
2 wo-
1 | 1 1
0 5 10 15 20
HAM-D subscale (Core) score
1200 - rw“--o.Sl,pd).Ol
Lag}
:
< 1000 - 9 .
5 ©
g
S w- H
% ' &
§ 400 ® ©
I | I | |
0 2 4 6 8 10

HAM-D subscale (Activity) score

T partiar= -0-26, p=0.02

50—
}340-
S
E§3o-
-
&
- 20
| | 1 1
0 10 20 30 40
HAM-D total score
300 - rMI--o.u,pd).M
9 @
EZSO- D #® <]
E; Cb. ‘ul
e 200- ® .. .. .
~ o @ '“'.'
E :'O.. & ® . '
§lso- fee_%,
@ 0®
100 T T T 1
0 5 10 15 20
HAM-D subscale (Core) score
- Fpartiar™ 027, p=0.02
s ! °
= .' & .
5 2 @
£ : ' é 4
3":. 0.. .. z .
3+ o0 ®
2 jo.!
‘0
2 | | I |
0 5 10 15 20
HAM-D subscale (Core) score
1200 - I'W- -0.27, p<0.02
-E )
.glooo— ®
g 800 -
g -
-
§' 400 @
| | | | |
0 1 2 3 4 5
HAM-D subscale (Sleep) score
1200 - Fpartia™ 031, p<0.01
=
f] .
§ @
'é 800 - .
: i3
m-
0 D
2 wo- ’
1 1 I 1
0 2 4 6 8
HAM-D subscale (Anxiety) score







OPS/images/fpsyt-14-1151551-g002.jpg






OPS/images/fpsyt-14-1151551-g003.jpg
Left-VAmc volume, mm?

o

HC MDD

Left-CL volume, mm?

(=

HC MDD

Left-Pt volume, mm?

HC MDD

Left-LD volume, mm?

HC MDD

Left-VLp volume, mm’

*k

1400
1200

1000 -

HC MDD

Left-Pc volume, mm?

6

4—:

2

=]

HC MDD

Left-MDm volume. mm?

*%
1500

1200
900

600

300

HC MDD

Left-LGN volume. mm?

600 -

200

(=]

HC MDD

Left-VPL volume, mm?

1400
1200

1000+

HC MDD

Right-Pc volume, mm®

o

HC MDD

Right-MDm volume, mm?

.
1500

1200 -

HC MDD

Left-PuA volume, mm?

400 -

200+

o

HC MDD

Left-VM volume. mm?

10-

o

HC MDD

Left-CM volume, mm?

o

HC MDD

Left-MDI volume. mm?

500~
400 -

300

=]
—

HC MDD

Left-Pul. volume, mm?

4001

200+

o

HC MDD







OPS/images/logo.jpg
’frontiers ‘ Frontiers in Psychiatry







