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A Review of Brain Magnetic Resonance Imaging Correlates
of Successful Cognitive Aging
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Normal aging causes changes in the brain volume, connection, function and cognition. The brain changes with increases in age and
difference of gender varies at all levels. Studies about normal brain aging using various brain magnetic resonance imaging (MRI) vari-
ables such as gray and white matter structural imaging, proton spectroscopy, apparent diffusion coefficient, diffusion tensor imaging
and functional MRI are reviewed. Total volume of brain increases after birth but decreases after 9 years old. During adulthood, total
volume of brain is relatively stable. After 35 years old, brain shrinks gradually. The changes of gray and white matters by aging show
different features. N-acetylaspartate decreases or remains unchanged but choline, creatine and myo-inositol increase with aging. Ap-
parent diffusion coefficient decreases till 20 years old and then becomes stable during adulthood and increase after 60 years old. Diffu-
sion tensor properties in white matter tissue are variable during aging. Resting-state functional connectivity decreases after middle
age. Structural and functional brain changes with normal aging are important for studying various psychiatric diseases such as de-
mentia, schizophrenia and bipolar disorder. Our review may be helpful for studying longitudinal changes of these diseases and suc-
cessful aging.
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Fig. 1. Change of periventricular caps on FLAIR magnetic resonance imaging. A : Periventricular caps. B : More enlarged periventricular
caps. C : Large periventricular caps. D : Extended periventricular caps. FLAIR : fluid-attenuated inversion recovery.
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Fig. 3. A: Punctate deep white matter lesion (WML). B : Multiple punctate deep WMLs. C : Multiple punctate deep WMLs begin conflu-
ence. D : Confluent deep WMLs.
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Table 1. Summary of structural and functional changes of magnetic resonance imaging (MRI) findings with normal aging

Brain volume
Total volume Birth—9 years old

9—13 years old : volume loss is starting

Until 18 years old : continue to decrease

18—35 years old : no change or increases

increases by about 1% per year

After 35 years old : decreases by about 0.2% per year — a rate of volume loss increases with aging gradually
After 60 years old : decreases at about 0.5% per year

Gray matter Birth—childhood : increases

After childhood : decreased continually by 2.39—4.37 mL per year

White matter
After 50 years old : continue to decrease

Hippocampus
White matter lesions

Birth—45 to 50 years old : continue to increase

After 60 years old : decreases by 1.41—-1.6% per year

« Increase in periventricular cap/lining, punctate deep/subcortical lesion and microbleed with normal aging

« Perivascular space enlargement

« Considered a normal aging finding, but related to cognitive deficits, dementia and depression

Proton spectroscopy
N-acetylaspartate No change or decreases

Choline Increases
Creatine Increases
Myo-Inositol Increases

Apparent diffusion coefficient (ADC)

ADC 2-20 years old : decreases
20—-60 years old : no change
After 60 years old : increases
Diffusion tensor imaging (DTI)
FA Decreases with regional variation
RD Mostly increases
AD Increases or decreases
Functional MRI
RSFC Decreases after middle ages at high-ordered network such as DMN
FA : fraction anisofropy, RD : radial diffusivity, AD : axial diffusivity, RSFC : resting state functional connectivity, DMN : default mode
network
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