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Changes of Regional Cerebral Glucose Metabolism in Normal
Aging Process: A Study With FDG PET

Joon-Kee Yoon, M.D., Sang Eun Kim, M.D., Kyung-Han Lee, M.D., Yong Choi, Ph.D., Yearn-Seong
Choe, Ph.D., and Byung-Tae Kim, M.D.
Department of Nuclear Medicine, Samsung Medical Center,

Sungkyunkwan University School of Medicine, Seoul, Korea

Abstract

Purpose: Normal aging results in detectable changes in the brain structure and function. We evaluated the
changes of regional cerebral glucose metabolism in the normal aging process with FDG PET. Materials and
Methods : Brain PET images were obtained in 44 healthy volunteers (age range 20-69 'y M:F = 29:15) who had
no history of neuropsychiatric disorders. On 6 representative transaxial images, ROls were drawn in the cortical
and subcortical areas. Regional FDG uptake was normalized using whole brain uptake to adjust for the injection
dose and correct for nonspecific declines of glucose metabolism affecting ail brain areas equally. Results : In the
prefrontal, temporoparietal and primary sensorimotor cortex, the normalized FDG uptake (NFU) reached a peak in
subjects in their 30s. The NFU in the prefrontal and primary sensorimotor cortex declined with age after 30s at
a rate of 3.15%/decade and 1.93%/decade, respectively. However, the NFU in the temporoparietal cortex did not
change significantly with age after 30s. The anterior (prefrontal) posterior (temporoparietal) gradient peaked in
subjects in their 30s and declined with age thereafter at a rate of 2.35%/decade. The NFU in the caudate nucleus
was decreased with age after 20s at a rate of 2.39%/decade. In the primary visual cortex, putamen, and thalamus,
the NFU values did not change significantly throughout the ages covered. These patterns were not significantly
different between right and left cerebral hemispheres. Of interest was that the NFU in the left cerebellar cortex
was increased with age after 20s at a rate of 2.86%/decade. Conclusion: These data demonstrate regional
variation of the age-related changes in the cerebral glucose metabolism, with the most prominent age-related
decline of metabolism in the prefrontal cortex. The increase in the cerebellar metabolism with age might reflect
a process of neuronal plasticity associated with aging. (Korean J Nucl Med 2001:35:231-240)
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Table 1. Characteristics of Subjects

Age Male Female Total
20 - 29 3 3 6
30 - 39 8 5 13
40 - 49 7 3 10
50 - 59 4 2 6
60 - 69 7 2 9

Total 29 15 44
1. CHa&t

7738 AR} 447(vto] 20-694); HAF 291, o
2L 159 E e sigchk BE aidele HES,
7P, i} Fof AEH Al AARAS, =&
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Table 2. Region Localization

Anatomical location Approximate axial level* In-plane location '
Prefrontal cortex +27 mm Sector 20° - 40°
Temporoparietal cortex +13 mm Sector 120° - 140°
Temporoparietal cortex 0 mm Sector 120° - 140°
Temporoparietal cortex -13 mm Sector 100° - 120°
Primary sensorimotor cortex +27 mm Sector 80° - 100°
Primary visual cortex Slice with most active representation Most active pericalcarine area
Caudate nucleus 0 mm
Putamen 0 mm
Thalamus 0 mm
Cerebellum Slice with best representation Cerebellar cortex

*Relative to level that represents thalamus best.
T Brain convexity regions lay between two radial angles originating in the center of each slice and ranging each
hemisphere from O (frontal pole) to 180 (occipital pole).

Fig.1. ROIs drawn on prefrontal cortex (A), sensorimotor cortex {A), temporoparietal cortex
(B,C.D), putamen (C), caudate nucleus (C), thalamus (C), primary visual cortex (D), and
cerebellar cortex (E).

3 PET AAMSIA FA el oldly] A (temporoparietal association cor-
) eesn tex), Yxp7H7H-$-=3] A (primary sensorimotor cor-
oltloll AA-Eo] ol gAR W Vel whek A tex), YAAAS Aprimary visual cortex), 1)

9 A%ty A (prefrontal association cortex), 25 (caudate nucleus), ¥ Z+(putamen), A]4}(thalamus),
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Table 3. Changes of NFU Values with Age in Brain Regions

, NFU*
Region
20s 30s 40s 50s 60s
Prefrontal cortex
Right 3374029 363+0.30 3.35+040 3.25+024 326+032
Left 3.34+033 3654032 3444042 3254025 329+036
Total 3.36+0.29 3644029 3404040 3254022 3.28+033
% Right to left difference 49+42 41437 38+39 49+39 46+38
Temporoparietal cortex
Right 3.00+0.11 3.76+032 3051034 307+02) 3.13+0.36
Left 293+011 375+020 3024039 301+0.18 2994033
Total 297011 315+036 303+0.36 3044017 3.06+0.34
% Right to left difference 2614 34+28 33+2] 40431 45+38
Anterior-posterior gradient
Right 1.12£0.09 1.15+009 1.10+0.08 1.06+0.09 1.05+0.11
Left 1.14+0.09 117011 1.15+0.10 1.0840.09 1.10£0.11
Total 1.13+0.09 1.16 009 1.12+0.08 1.07+£0.07 1.08+0.10
% Right to left difference 46436 55+64 69+48 82+56 72+56
Primary sensorimotor cortex
Right 295+0.16 313£016 295+0.30 2.89+0.12 296+032
Left 305024 3124020 293+028 287+0.17 2924034
Total 3.00+0.19 312+016 294+0.28 288+0.14 294+032
% Right to left difference 38+46 45431 40+34 3019 48+47
Primary visual cortex
Right 3.39+027 349+034 3444021 3224015 3424046
Left 3.53+028 3494043 3444024 3.28+0.23 3.35+047
Total 346+0.26 349+037 3444022 3254017 3.39+0.46
% Right to left difference 50+32 48+45 21+£16 47425 44423
Caudate nucleus
Right 2.77+032 2564029 254+034 2414019 245+046
Left 2884043 261022 257+033 231+025 2544036
Total 283+036 258+023 255+033 236+0.19 2504031
% Right to left difference 7.2£41 75+38 27+23 70+69 94+76
Putamen
Right 283+026 2824024 2.74+040 256+022 2684023
Left 293050 2.83+0.37 2.80+0.33 2464019 270+024
Total 288+038 2.82+0.29 277+0.36 251+017 2694023
% Right to left difference 48+58 68+40 47+29 57435 24425
Thalamus
Right 255+0.17 248+040 256+032 239017 2554034
Left 2574019 2554036 2544033 2424014 254+0.36
Total 2561015 2514037 255+032 241+015 2554034
% Right to left difference 65140 6.3+48- 48+31 33+25 50+42
Cerebellum ‘
Right 269+0.26 263+032 280+028 2794020 2744030
Left 2594027 2674026 2.83+0.31 285+0.24 287+031
Total 264+026 265+0.28 281+0.29 282+022 2.80+030
% Right to left difference 45421 4417 28+19 34414 50432

* Peak value in italic. Values are mean4sd.
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Table 4. Rate of Changes of NFU Values with Age in Brain Regions

%change/decade* r p
Region )
Right Left Total Right Left Total Right Left Total
Prefrontal cortex - =295 | -331 =315 -0371 -0405 -0401 0022 0012 0012
Temporoparietal cortex -0.28 -1.54 -091 -0032 -0170 -0M0 0082 0305 0517
Anterior-posterior gradient -2.67 -2.01 -235 -0389 -0277 -03N 0016 0093 0022
Primary sensorimotor cortex -1.87 -1.99 -193 -028 -0.285 -0.300 0.082 0.086 0.068
Primary visual cortex -0.46 -1.17 -082 -0071 -0161 -0122 0647 0293 0424
Caudate nucleus -2.20 -2.59 -239 0272 -0297 0302 0075 0051 0.046
Putamen -1 -2.06 -188 -0076 -0239 -0249 0115 0120 0104
Thalamus +0.14 -0.40 -013 0000 -0.045 -0000 0917 0762 0920
Cerebellum +1.37 286  +21 0179 0362 0277 0242 0016 0068
*Calculated with values after the maximal value is attained in each region.
r=-0371
14 r p=0022
y=1.24-0.00272 x
T2}t
Q
©
(0]
-
o
o,
< 10F
0 8 'l L i 1 ']
25 35 45 55 685 75
Age
Fig.2. Relationship between age and AP (anterior-posterior) gradient.
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Fig.3. Representative FDG PET images of 35-year old female and 67-year old male
subjects, showing lower AP (anterior-posterior) gradient in elderly subject.
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