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ABSTRACT

The human body becomes vulnerable to various diseases due to deterioration in structure and function as it
ages. In particular, changes in brain structure weaken the immune system against diseases such as vascular and
metabolic neuropsychiatric diseases. In this study, we used a magnetic resonance imaging technique that allows
non-invasive observation of brain structures and measurement of how the volumes of the brain, gray matter, white
matter, and subcortical regions changes with aging in women aged 65 to 85 years. As a result of our investigation,
we observed a significant linear decrease in subcortical regions with age. These results suggest that the changes
due to aging in the brain structure area are closely related to neuropsychiatric diseases in old age, and can provide
information in understanding the vulnerability of the brain in old age.
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II. MATERIAL AND METHODS
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Fig. 1. 3Tesla Philips Achieve MRI scanner (A) and
32-Channel head coil (B)

Table 1. MRI experimental parameters.

Parameter

Sequence MPRAGE | Recon Matrix 288 x 270
TR (ms) 6.8 Recon voxel (mm) 1 x1x12
TE (ms) 32 Slice 170
FA (° 9 Slice Thickness (mm) 1.2
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Fig. 2. Segmented view of Subcortical anterior (A), superior (B), left lateral (C), right lateral (D), posterior (E),
inferior (F), left medial (G) and right medial (H). The regions are colored to identify region boundaries. Similarity of
colors between spatially separated regions is not meaningful; all regions are spatially contiguous.
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Fig. 3. T1-weighted three-dimensional magnetization-prepared rapid gradient echo (T1-MPRAGE) images (A).
Segmentation of the human brain subcortical on representative MPRAGE minimum deformation images (B).
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Table 2. Volumes of brain structures and subcortical

(mm’)
Age group
65-75(N=20) 76-85(N=22) Total(N=42)
Mean + SD Mean + SD Mean + SD

Total brain volume

478671.611 + 44351.262

473365.193 + 45717.377

475892.059 + 44601.294

Gray Matter

440118.130 + 42430.243

437593.796 + 51641.727

438795.860 + 46924.217

White Matter

918789.741 + 84716.970

910958.989 + 96063.489

914687.918 + 89823.243

Nucleus Accumbens 526.127 + 88.905 421.107 + 129.277 471117 + 122,642

Amygdala 1191.063 + 248251 1137.951 + 228.596 1163.243 + 236.740

Caudate 2932.005 + 335.072 2898.018 + 532.389 2914202 + 444.409

Left Hippocuampus 3764.005 + 490.370 3315.118 + 486.194 3528.874 + 532.913
Globus Pallidus 1731.224 + 343.160 1765.023 + 420.398 1748.928 + 381.295

Putamen 4403.720 + 420.672 4041.400 + 592.055 4213.934 + 543222

Thalamus 7032412 + 647.076 6716.043 + 671.902 6866.695 + 671.447

Nucleus Accumbens 375.040 + 88.378 301.856 + 120.278 336.706 + 111.346

Amygdala 1293.131 + 255.823 1231.948 + 192.048 1261.083 + 224.000

Caudate 3099.590 + 332.382 3045.929 + 554314 3071.482 + 457.506

Right Hippocuampus 3885.985 + 538.771 3433205 + 442.738 3648.815 + 536.003
Globus Pallidus 1733.072 + 305.495 1728218 + 427.133 1730.529 + 369.732

Putamen 4551.110 + 628.106 4176.727 + 507.564 4355.005 + 592.107

Thalamus 6756.975 + 680.182 6450.562 + 619.867 6596.473 + 659.691

Table 3. Regression analyses with four brain structures and subcortical region

Regression with age Regression with age and age’

B F R? P age B age’ B F R?

Total brain volume .002 .005 1.27E-4 944 554 -.004 234 793

Gray Matter -.001 3.15E-4 8.00E-6 .986 .683 -.005 .012 702

White Matter .004 .028 4.12E-4 .899 200 -.001 357 939
Nucleus Accumbens -.109 18.865 .320 9.3E-5 714 -.005 .018 2.49E-4

Amygdala -.047 2.498 .059 122 -353 .002 .063 285

Caudate .001 2.99E-3 7.00E-6 .986 .561 -.004 .003 789

Left Hippocuampus -.076 7.295 154 .010 1.028 -.007 10.342 .013

Globus Pallidus -.030 1.024 .025 318 .298 -.002 .347 .562

Putamen -.065 5.217 115 .028 276 -.002 1.297 .083

Thalamus -.044 2.202 .052 .146 .108 -.001 .052 345

Nucleus Accumbens -.054 3.354 077 .074 -742 .005 239 141

Amygdala -.029 938 .023 339 -.007 -1.44E-4 012 .636

Caudate .003 012 291E-4 915 933 -.006 4.908 514

Right Hippocuampus -.068 5.709 125 .022 409 -.003 201 .061

Globus Pallidus -.035 1.339 .032 254 -303 .002 .584 498

Putamen -.030 1.018 .025 319 325 -.002 .029 .556

Thalamus -.040 1.825 .044 .184 440 -.003 2.656 349
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Fig. 4. Displays regression graphs that shows the differences between age and volumes of Total brain volume (A),
Gray Matter (B), White Matter (C), Left Nucleus Accumbens (D), Left Amygdala (E), Left Caudate (F),
Left Hippocampus (G), Left Globus Pallidus (H), Left Putamen (I), Left Thalamus (J), Right Thalamus (K),
Left Putamen (L), Right Globus Pallidus (M), Right Hippocampus (N), Right Caudate (O), Right Amygdala (P)
and Right Nucleus Accumbens (Q).

In this figure, the horizontal axis is age, and the vertical axis is normalized volume of z-scores. L, Left; R, Right.
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