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Changes in the Volume and Cortical Thickness of the Specific Regions of Cerebellum
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Objectives A growing body of evidence has suggested that morphologic changes in cerebellum may be implicated with pathophysi-
ology of major depressive disorder (MDD). The aim of this study is to investigate a difference in the volume and cortical thickness of the
specific region of cerebellum between patients with MDD and healthy controls (HC).

Methods A total of 127 patients with MDD and 105 HC participated in this study and underwent T1-weighted structural magnetic
resonance imaging. We analyzed volume and cortical thickness of each twelve cerebellum regions divided by left and right and the vol-
ume and cortical thickness of the whole cerebellum from T1-weigted image of participants. One-way analysis of covariance was used to
investigate the volume and cortical thickness difference of total and specific regions between two groups adjusting for age, gender, med-
ication, and total intracranial cavity volume.

Results We found that the patients with MDD had significantly greater volume in the left cerebellum lobule IIT region [false dis-
covery rate (FDR)-corrected p = 0.034] compared to HC. Also, our findings indicate that cortical thickness of left lobule VIIB (FDR-
corrected p = 0.032) and lobule VIIIB (FDR-corrected p = 0.032) are significantly thinner in the patients with MDD compared with
the HC. No significant volume and cortical thickness differences were observed in other sub-regions of the cerebellum. The volumes
and cortical thickness of whole cerebellum between patients with MDD and HC did not differ significantly.

Conclusions  We observed the region-specific volume and cortical thickness difference in cerebellum between the patients with
MDD and HC. The results of our study implicate that the information about structural alterations in cerebellum with further replicative
studies might provide a stepping stone toward a specific marker to diagnose MDD.
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Fig. 1. Automated cerebellum lob-
ule segmentation by CEREbellum
Segmentation (CERES). The upper
low shows segmented and labelled
lobules, middle shows the tissues
classification of gray matter and white
matter, and lower low represents the
thickness of cerebellar cortices. The
color bar represents the thickness of
cerebellar cortices in mm.

Fig. 2. Three dimensional rendering
of segmented lobules. Cerebellum
segmentation were labelled with dif-
ferent colors. A : anterior view, P :
posterior view, S : superior view, | :
inferior view, R : right view, L : left
view.
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[ Left lobule Il

[ Left lobule Il

W Left lobule IV

O Leftlobule V

O Left lobule VI

W Left lobule Crus |
[ Left lobule Crus Ii
W Left lobule VIIB

[ Left lobule VIIA
[0 Left lobule VIIB
O Left lobule IX

B Left lobule X

M Left white matter
[J Right lobule I-II
[ Right lobule Il

[ Right lobule IV

[0 Right lobule V

[ Right lobule VI

[ Right lobule Crus |
@ Right lobule Crus Il
O Right lobule VIIB
I Right lobule VIIIA
M Right lobule VIIB
[ Right lobule IX

@ Right lobule X

[ Right white matter
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Table 1. Demographic and clinical characteristics of patients with MDD and HC

MDD (n = 127) HC (n = 105) t, 2 p value

Age 44.60 = 11.94 41.86 = 14.16 t=1.574 0.117
Sex %’ = 5.601 0.018

Male 26 36

Female 101 69
Education level x> = 4.650 0.098

Elementary and middle school 32 19

High school or college/university 89 74

Above graduate school 6 12
HDRS-17 score 14.46 = 7.98 2.04 £ 1.91 =16.96 <0.001
Duration of illness (months) 48.98 + 51.84 N/A N/A
Medication (drug-naive/medicated) 50/77 N/A N/A
Total intracranial cavity volume (mm?®) 1.47 x 10° + 1.45 x10° 1.49 x 10° £ 1.43 x 10° t=-1.312 0.191

Data represent mean + standard deviation for age, HDRS-17 scores, duration of illness, and total intracranial cavity volume. The
p values for distribution of sex and education were obtained by chi-square test. The p values for comparisons for age, HDRS-17
and fotal intfracranial cavity volume were obtained by independent t-test. MDD : major depressive disorder, HC : healthy con-
frols, HDRS-17 : Hamilton Depression Rating Scale, N/A : not applicable
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Table 2. Difference in cerebellar volume between patients with MDD and HC

Cerebellar regions MDD (cm®) HC (cm®) Fa,2sn  Uncorrected p FDR-corrected p
Cerebellum total (left) 6.127 x 10" + 7.109 6.278 x 10" + 6.907 1.142 0.286 0.620
Cerebellum 1&l (Ieft) 6.803 x 107 + 2208 x 102  6.517 x 10% + 1.550 x 10%  2.681 0.103 0.335
Cerebellum Ill (left)* 7.194 x 107 + 1.419 x 10" 6912 x 10" + 1.426 x 107 9.260 0.003 0.034
Cerebellum IV (left) 2.221 + 3.698 x 10" 2.292 + 3.893 x 10" 0.903 0.343 0.637
Cerebellum V (left) 4.042 + 6.424 x 10" 4115 + 5876 x 10" 0.695 0.405 0.659
Cerebellum VI (left) 8.372 + 1.238 8.447 + 1.189 1.787 0.183 0.475
Cerebellum Crus | (leff)  1.160 x 10" + 2.030 1.216 x 10" + 1.954 0.088 0.767 0.767
Cerebellum Crus Il (left)  7.696 + 1.328 8.046 + 1.424 0.098 0.755 0.767
Cerebellum VIIB (left) 4.659 + 7.147 x 10" 4.759 + 8.148 x 10" 0.544 0.462 0.667
Cerebellum VIIA (leff) 6.083 + 1.061 6.177 +1.083 0.224 0.636 0.752
Cerebellum VIIB (left) 4154 + 6.615 x 10" 4.146 + 6.632 x 10" 3.600 0.059 0.256
Cerebellum IX (left) 3.482 + 6.940 x 10" 3.666 + 5.999 x 10" 0.402 0.527 0.685
Cerebellum X (left) 6.147 x 10" + 8,085 x 10”  6.188 x 10" + 8.507 x 10  4.077 0.045 0.256
Cerebellum total (ight)  6.047 x 10" + 6.882 6.194 x 10" + 6.536 0.898 0.344 0.583
Cerebellum 1&l (right) 5973 x 107 + 1.856 x 107 5982 x 10% + 1.929 x 102  0.003 0.955 0.955
Cerebellum Il (right) 6.673 x 10" + 1323 x 10" 6.673 x 107" + 1.348 x 107 4.816 0.029 0.380
Cerebellum IV (right) 2.231 + 3.688 x 10" 2.210 + 3.185 x 10" 2.708 0.101 0.583
Cerebellum V (right) 4023 + 5811 x 10" 4061 + 5.458 x 10" 0.881 0.349 0.583
Cerebellum VI (right) 8.407 + 1.247 8.525 + 1.203 1.137 0.287 0.583
Cerebellum Crus | (right)  1.123 x 10" + 1.716 1.174 x 10" + 1.815 0.468 0.495 0.643
Cerebellum Crus Il (right)  7.317 + 1.292 7.496 £ 1.171 0.525 0.470 0.643
Cerebellum VIIB (right) 4.450 + 7.191 x 10" 4.489 + 7.594 x 10" 0.845 0.359 0.583
Cerebellum VIIA (right)  6.148 + 1.028 6.335 + 1.190 1.076 0.301 0.583
Cerebellum VIIB (ight)  4.318 + 7.309 x 10" 4.460 + 7.755 x 10" 0.196 0.658 0.713
Cerebellum IX (right) 3.306 + 6.932 x 10" 3.500 + 5.968 x 10 0.299 0.585 0.692
Cerebellum X (right) 5938 x 10" + 8.467 x 102 6.098 x 10" + 7.739 x 10  1.009 0.316 0.583

Data represent mean * standard deviation for gray-matter volume (cm?®). The F and p values were obtained using one-way anal-

ysis of covariance (ANCOVA) adjusted for age, sex, medication,

and total cranial cavity volume as covariates. The FDR was ap-

plied within each hemisphere (13 cortical regions). * : regions that remained significant after the FDR correction are marked with an
asterisk. MDD : major depressive disorder, HC : healthy controls, FDR : false discovery rate

Wbt 4t A 9] 9l FA Zpol S H sk o Fo-9-2
ol EAkto] A4k et § gRe 9d FAE HIle
L o]z BARCE Fou|et A= oA Ak
(left cerebellum), Faosn = 3.843, uncorrected p value =
0.051, FDR~corrected p value = 0.136 ; MDD = 4.639 +
1076 x 10" mm, HC = 4.684 + 1.166 x 10" mm, $-5HE
A Y (right cerebellum), Fqosy = 0.711, uncorrected p value =
0.400, FDR-corrected p value = 0.683 ; MDD = 4.758 +
9453 x 10 mm, HC = 4766 + 1.158 x 10" mm] (3£ 3).
ShH A Ak 49 VIIB 99(left lobule VIIB, Foosy =
8.982, uncorrected p value = 0.003, FDR-corrected p
value = 0.032 ; MDD = 4.934 + 1472 x 10" mm, HC =
4976 + 1.292 x 10" mm]7} FRHE A 24 VIIB 3
[left lobule VIIIB, Fuas = 8.052, uncorrected p value =
0.005, FDR~-corrected p value = 0.032 ; MDD = 4.868 +
1986 x 10" mm, HC = 4.899 + 1.762 x 10" mmlollA]

3%% off Z}t-2 AL o] vlE| F-ou]slA eRS
Aé_ = ME}. 1 T A3l FDR 24 A%l o]0

Ay A9 T4 7909 9d A 4 Fujet HDRS A4,
18 717k B
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] Ay A4 599 ud £ 9 Fu]et HDRS 34 14
717e] AFtmAel sl BrAskr] Qs HATHEAS Al
ShoiTh SRANE k] Ay =4 F919] 9 F7l= HDRS
A = 4 717 fogt ARAlE HolA] efgkor
(all, uncorrected-p > 0.05)GE 4), &4 &¢ =4 H919]
] Al HDRS &4~ B 9 7171 A2 o3t
A TAE Holx| 9F9kthall, uncorrected—p > 0.05)(GE 4).
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Table 3. Difference in cerebellar cortical thickness between patients with MDD and HC

Cerebellar regions MDD (mm) HC (mm) Fa, 231 Uncorrected p  FDR-corrected p
Cerebellum total (leff) 4.639 + 1.076 x 10" 4.684 + 1.166 x 10" 3.843 0.051 0.136
Cerebellum 1&l (Ieft) 1.751 + 4.224 x 10" 1.732 + 5.155 x 10" 0.486 0.486 0.710
Cerebellum Il (left) 3.456 + 3.453 x 10" 3.393 + 4.018 x 10" 0.929 0.336 0.624
Cerebellum IV (left) 4985 + 1.119 x 10" 5.000 + 1.681 x 10" 0.097 0.756 0.8%0
Cerebellum V (left) 4970 + 1.512 x 10" 4981 + 1.536 x 10" 0.001 0.971 0.971
Cerebellum VI (left) 4.795 + 2.029 x 10" 4.788 + 1.901 x 10" 0.474 0.492 0.710
Cerebellum Crus | (left) 4.420 + 2.538 x 10 4.487 + 2.837 x 10" 0.051 0.822 0.890
Cerebellum Crus Il (leff) 4.499 + 2.644 x 10" 4.624 + 2.393 x 10" 3811 0.052 0.136
Cerebellum VIIB (left)* 4.934 + 1.472 x 10" 4.976 + 1.292 x 10" 8.842 0.003 0.034
Cerebellum VIIA (leff) 4.808 + 1.544 x 10" 4815 + 1.672 x 10" 1.350 0.247 0.534
Cerebellum VIIB (left)* 4868 + 1.986 x 10" 4899 + 1.762 x 10" 7.930 0.005 0.034
Cerebellum IX (left) 4169 + 3.720 x 10" 4.294 + 3.537 x 10" 5.147 0.024 0.105
Cerebellum X (leff) 2.523 + 4.175 x 10" 2.541 + 4.472 x 10" 0.328 0.568 0.738
Cerebellum total (right) 4.758 + 9.453 x 107 4766 + 1.158 x 10" 0.711 0.400 0.683
Cerebellum 1&l (right) 1.794 + 4.363 x 10" 1.761 + 5205 x 10" 0.232 0.631 0.683
Cerebellum Il (right) 3.483 + 3.612 x 10" 3.436 + 4.204 x 10" 0.277 0.599 0.683
Cerebellum IV (right) 5.062 = 1.124 x 10" 5.082 + 1.190 x 10" 0.465 0.496 0.683
Cerebellum V (right) 5.094 + 1.502 x 10" 5.102 + 1.405 x 10" 0.436 0.510 0.683
Cerebellum VI (right) 4.983 + 1.826 x 10" 4973 + 1.677 x 10" 1.940 0.165 0.683
Cerebellum Crus | (right) 4.564 + 2.197 x 10" 4.574 + 2.608 x 10" 1.691 0.195 0.683
Cerebellum Crus Il (right) 4,525 + 2.370 x 10" 4.556 + 2.459 x 10" 0.141 0.707 0.707
Cerebellum VIIB (right) 4.954 + 1.462 x 10" 4.954 + 1.305 x 10" 0.265 0.607 0.683
Cerebellum VIIA (right) 4.977 + 1.381 x 10" 4.985 + 1.508 x 10" 1.252 0.264 0.683
Cerebellum VIIB (right) 5.055 + 2.044 x 10" 5.056 + 2.129 x 10" 1.462 0.228 0.683
Cerebellum IX (right) 4061 + 4.152 x 10" 4.125 + 4,053 x 10" 0.532 0.466 0.683
Cerebellum X (right) 2.977 + 3.892 x 10" 2.969 + 4.101 x 10" 0.576 0.449 0.683

Data represent mean + standard deviation for gray-matter thickness (mm). The F and p values were obtained using one-way
analysis of covariance (ANCOVA) adjusted for age, sex, and medication as covariates. The FDR was applied within each hemi-

sphere (13 cortical regions).
depressive disorder, HC : healthy controls, FDR :
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: regions that remained significant after the FDR correction are marked with an asterisk. MDD @ major
false discovery rate
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Table 4. Correlation analysis between volumes and thickness of cerebellar regions and the HDRS and duration of illness among the

patients with major depressive disorder

Volume Thickness
Cerebellar regions HDRS score Duration of illness (month) HDRS score Duration of illness (month)
r Uncorrected-p r Uncorrected-p r Uncorrected-p r Uncorrected-p
Cerebellum total (left) -0.075 0.411 -0.017 0.835 -0.087 0.335 0.024 0.792
Cerebellum I&lI (left) 0.011 0.905 -0.043 0.636 -0.057 0.532 0.003 0.974
Cerebellum lil (Ieft) -0.106 0.241 0.006 0.949 -0.003 0.977 0.050 0.581
Cerebellum IV (left) -0.021 0.821 -0.011 0.902 0.169 0.060 0.018 0.839
Cerebellum V (left) -0.138 0.128 0.017 0.849 0.110 0.222 0.001 0.993
Cerebellum VI (left) -0.137 0.130 -0.026 0.779 0.022 0.811 -0.032 0.728
Cerebellum Crus | (left) 0.006 0.946 0.035 0.703 -0.048 0.599 -0.002 0.982
Cerebellum Crus Il (left)  -0.020 0.825 -0.020 0.828 -0.156 0.083 0.174 0.054
Cerebellum VIIB (left) -0.067 0.460 0.042 0.648 -0.108 0.231 -0.001 0.994
Cerebellum VIIA (left) -0.022 0.813 -0.035 0.703 -0.015 0.868 -0.022 0.808
Cerebellum VIIB (left) -0.152 0.094 -0.136 0.134 0.012 0.897 -0.054 0.554
Cerebellum IX (left) -0.038 0.674 -0.069 0.446 -0.041 0.652 -0.070 0.442
Cerebellum X (left) -0.009 0.920 0.020 0.829 0.110 0.225 -0.072 0.430
Cerebellum fotal (right)  -0.111 0.220 -0.029 0.750 0.070 0.440 0.054 0.550
Cerebellum 1&I (right) 0.050 0.584 -0.044 0.629 -0.064 0.481 -0.013 0.886
Cerebellum lII (right) -0.133 0.143 0.012 0.897 -0.017 0.853 0.054 0.555
Cerebellum IV (right) -0.041 0.655 -0.065 0.478 0.035 0.702 -0.077 0.393
Cerebellum V (right) -0.083 0.362 0.005 0.954 0.070 0.442 -0.108 0.231
Cerebellum VI (right) -0.088 0.335 -0.054 0.556 0.069 0.448 -0.038 0.676
Cerebellum Crus | (right)  -0.093 0.306 0.092 0.310 0.071 0.430 0.101 0.267
Cerebellum Crus I (right)  -0.101 0.266 -0.043 0.633 -0.054 0.553 0.168 0.063
Cerebellum VIIB (right) -0.035 0.702 0.002 0.987 -0.020 0.822 0.044 0.626
Cerebellum VIIIA (ight) ~ -0.038 0.679 -0.030 0.741 0.048 0.595 -0.048 0.597
Cerebellum VIIB (right) -0.121 0.184 -0.122 0.178 0.080 0.380 -0.069 0.444
Cerebellum IX (right) -0.068 0.458 -0.045 0.620 0.005 0.956 -0.007 0.941
Cerebellum X (right) -0.100 0.271 -0.049 0.587 0.051 0.572 -0.076 0.399

A two-tailed Pearson's partial correlation was performed to analyze following correlations adjusting for age, gender, medication

status, and total intracranial cavity volume (only for the volume analysis)

. i) correlation between cerebellar volume and HDRS

score : i) correlation between cerebellar volume and duration of iliness : iii) correlation between cerebellar thickness and HDRS
score : iv) correlation between cerebellar thickness and duration of illness. HDRS : Hamilton Depression Rating Scale
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