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Sex Differences in Cerebellar Structure of Healthy Adults

Jihyun H. Kim, MD,"" Sujin Bae, MS,” Keun Taik Ryu, MS,’ Min-Seong Kang, BS,’
Soo Mee Lim, MD,’ Sunho Lee, BS,’ Sojin Lee, MD,* Eun Ko, BS,’ Do-Un Jeong, MD*’

'Department of Psychiatry, Daegu Catholic University Medical Center, Daegu, Korea

’Interdisciplinary Program in Neuroscience, Seoul National University College of Natural Sciences, Seoul, Korea
’Department of Radiology and Medical Research Institute, Ewha Womans University School of Medicine, Seoul, Korea
‘Department of Psychiatry, Gyeongsang National University School of Medicine, Jinju, Korea

’Interdisciplinary Program in Cognitive Science, Seoul National University College of Humanities, Seoul, Korea
°Department of Psychiatry, Seoul National University College of Medicine, Seoul, Korea

"Center for Sleep and Chronobiology, Department of Psychiatry, Seoul National University Hospital, Seoul, Korea

Objectives  Although there have been studies that examine sex differences of the brain structures using magnetic resonance imaging,
studies that specifically investigate cerebellar structural differences between men and women are scarce. The purpose of current study
was to examine sex differences in structures of the cerebellum using cerebellar template and cerebellum analysis methods.

Methods  Sixteen men and twenty women were included in the study. A MATLAB based program (MathWorks, Natick, MA, USA),
Statistical Parametric Mapping 5 (SPM5) using the spatially unbiased infra-tentorial atlas template (SUIT) as the cerebellum template,
was used to analyze the brain imaging data.

Results  There was no significant difference in age between men (mean age = 28.1) and women (mean age = 27.2). Men showed higher
gray matter density than women in two left cerebellar areas including the clusters in the lobules IV and V (a cluster located across the lob-
ules IV and V), and the lobule VIIIb (lobules IV and V, t = 4.75, p < 0.001 ; lobule VIIIb, t = 3.08, p = 0.004).

Conclusions The current study found differences in cerebellar gray matter density between men and women. The current study
holds its significance for applying the template specifically developed for the analysis of cerebellum.
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stk ZF AR AT} of 4] Afolof xlel7t Q=T bE AHEF 2724|GEE HAL SR T ek Alolo)] xfol= EASHA] eFgk
2o 2 ehlsl w7] 9J8f SUITOIA A& 287) £49] 3j8  tht = 0.59, p = 0.557). W& AT F4L 16,59 HA
A QRS o2 atad oY a9l deghe] Burghyt  2.2) 942 158 |AF 1.2)0]31al( = 1.35, p = 0.187)
o o] WS H9k 7k SUIT Z2 IS 5ol A B9 @28 fAIES 129, o e8& fAlEo] 199
© 2 AbEsho] STATA 11 ZR IO SHFE THAS A 082 wsAgt 9 A& of ik WA} of 4] Afolof zto]7}
AlSHAE §2AcHTable 1).

W33t o3/ Zholl Zfol7} Uz Ate] P 27H94 Ze4H
a4 i 7h 2R, UE 2] IV Vol &3t S0 2E 9
VIIbel &3t S AHAH(Fig. 1. sig FollA] &3t gt
W39 Hat voli= 2804010 AL (GEE HAL 4.5) o3> Bt & 7HAIAL AAIGE A0 wdo] ofAdof| Blel = Ut
Zh= 7o &2 YePF o AVET VY, t = 475, corrected p <

Table 1. Demographic characteristics of participants 0.001 ; VIIIbS, t = 3.08, corrected p = 0.004)(Table 2).
Men ~ Women P T3 28719] AA(lobule) 5 A4S AR A% Ak

(n=16) (n=20) value value
20 0B A Ao] oA A
Age (years = SD) 28.1 + 45 272+ 51 059 0.557 IV, V &4, 222 &o] IV, VI, X &) o/ gl |

Education (years + SD)* 165+ 22 158+ 12 135 o187 21 &l =22uncorrected p < 0.001), A=<} 7-p-]
Dominant-hand 12/3 19/1 NA 0292 = dAx} oJ4d9] Zfol7} EA51A] Y ch(Table 3). o] Ait=

tight/ e 7k 298 ol Aol AL AR Bk T A0
# . data missing for 1 subject, T : data missing for 1 subject, ¥ : }
AL BASA| oke Axtolck

e
i 1
Fisher's exact. SD : standard deviation 2os i

Lobule IV and V (left hemisphere)

Fig. 1. Regions of significantly incre-
ased gray matter density in men than
women (radiological convention).

Table 2. Regions of significantly increased gray matter density in men than women

Talairach coordinate

Cerebellar region Clustersize  Maximum z-score  Uncorrected p value  FDR corrected p value
X y z
Left IV, V lobule -16 —46 =20 434 4.23 < 0.001 0.001*
Left Vb lobule -14 —48 —61 237 6.22 0.004 0.010"

* © statistically significant at p < 0.05, T : stafistically significant at p < 0.01. FDR : false discovery rate
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Table 3. Differences of lobule volume between men and women

Men Women
Lobule (n=1¢) (n=20) t value Uncorrected
Mean SD Mean SD p value
Left
% 3430 377 2925 290  4.55 0.0001"
\ 3979 377 3479 358  4.07 0.0003"
\ 7210 727 6603 681  2.58 0.0145
Crus| 8827 722 8417 942 143 0.1611
Crusll 6049 830 5960 737  0.34 0.7345
Vil b 3582 507 3420 427  1.04 0.3072
Vil a 3494 484 3240 305 @ 1.92 0.0632
Vil b 3042 318 2763 206  3.19 0.0031*
IX 2421 353 2441 244 -0.20 0.8417
X 402 56 352 32 336 0.0020*
Right
% 2831 331 2469 255  3.71 0.0007"
v 3634 405 3240 440 277 0.0091*
\% 7462 697 6992 790  1.87 0.0703
Crus| 8628 914 8548 1049  0.24 0.8133
Crusll 6266 693 6247 810  0.07 0.9411
Vilb 3710 489 3428 450  1.80 0.0810
Vil a 4135 607 3609 418  3.08 0.0041*
Vil b 3215 319 2777 261 453 0.0001"
IX 2548 322 2427 275 1.21 0.2329
X 411 55 346 34 4.45 0.0001"
Vermis
\ 1336 142 1321 162 0.30 0.7641
Crus | 10 4 9 4 1.07 0.2939
Crus |l 306 38 309 31 -0.25 0.8060
Vil b 172 21 181 19 -1.32 0.1944
Vil a 859 96 879 73 -0.71 0.4811
Vil b 444 50 449 40 -0.29 0.7736
IX 649 75 665 70 —0.63 0.5307
X 121 25 121 24 0.1 0.9163

«  statistically significant at p < 0.01,
at p < 0.001. SD : standard deviatioin
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