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cture and psychological well-being in young adult

s (J. Sports Med. Phys. Fitness, in press)

i S #F A E A TAE B ® A B
A& OB’ OB OMmA
Bl A MR M R

0 E

There is convergent evidence that exercise increases psychological wel
I-being; however, the mechanism of this psychological effect of exerc
ise is not yet completely understood. Structural changes in the brain hav
e been reported among psychiatric patients such as those who suffer fro
m major depression and posttraumatic stress disorder (PTSD). These struc
tural differences are predominantly found in the limbic and paralimbic sy
stems including the insula and basal ganglia. Since these regions are inv
olved in generation and regulation of emotional states, they appear to pl
ay roles in the pathogenesis of some psychiatric diseases. In addition, re
cent studies have revealed that adult brain structure changes in response
to learning and environmental demands. Furthermore, animal studies have
reported that voluntary exercise promotes cell proliferation in the hippo
campus, and that hippocampal neurogenesis was associated with antidepre
ssant effects of exercise. It may thus be that the brain structural change
s caused by exercise contribute to its psychological benefits. The purpos
e of the present study was to examine the effects of aerobic exercise tra
ining on brain structure and psychological well-being in young adults. Th
e hypothesis of this study was that the limbic and paralimbic structural

changes are related to the effect of exercise in improving mental health.



University students who had not regularly exercised were divided into
training group (n=15) and control group (n=15). The training group perfo
rmed a total 30 periods of aerobic exercise training, while the control gr
oup did not perform. Whole-brain magnetic resonance imaging scans and
mental health questionnaire examinations were performed bef
ore and after the exercise training period for all of the partic
ipants. A voxel-based morphometry (VBM) analysis was used
to compare the changes in gray matter volumes in the two gro
ups. VBM is an objective whole-brain technique for character
ization of regional cerebral volume and tissue concentration
differences in structural magnetic resonance images.

The results of VBM analysis revealed no change in gray mat
ter volume in the training group, although the gray matter vo
lume of the left insula was significantly decreased in the con
trol group after the exercise training period. The training group ex
hibited significant improvement in some scores on the mental healt
h questionnaire after the exercise training period, compared with
the control group.

The insula is a region involved in fundamental multimodal sensory inte
gration and linked with the limbic system, and plays a role in the gener
ation of affective states in response to emotional stimulation. One morp
hometric study demonstrated that abnormalities in the insula
were present in patients with schizophrenia in the early stage
s of illness. This abnormality was also related to the severity
of psychotic symptoms in schizophrenia. In addition, meditat
ion has been reported to be associated with increase in the co
rtical thickness of the insula in human brain. Some previous
studies demonstrated that regular practice of meditation redu
ces anxiety and has positive effects on practitioners. This reg
ion thus appears to be important in sustaining psychological
well-being. Maintenance of insula gray matter volume by exer
cise may be related to the psychological effects of exercise.

In addition, Williamson et al.(1997) found that the left insula is activa



ted during transient exercise and related to autonomic regulation. Autono
mic function is closely related to mental state, and transient exercise
is known to improve mood. Therefore, the activation of the insula induc
ed by exercise may also be associated with improvement of mood. It is
speculated based on our findings that transient activation of t
he insula and improvement of mood after exercise training ma
y prevent loss of gray matter volume.

These findings suggest that aerobic exercise training may in
hibit gray matter volume loss in the insula, and that a relatio
nship may exist between preservation of insula gray matter an
d improvement of psychological well-being by aerobic exercis

e training.
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