





BENEFITS OF PHYSICAL EXERCISE ON AGING BRAIN

Figure 1. (A) Motor response time increases as a function of age. Significant
differences between groups are shown by the gray area behind the plots. (B)
Lack of correlation between response accuracy (expressed as percentage of the
false alarms) and age.

(adjusted R? = .835; slope = 0.245) and PEP (adjusted
R?=.846; slope = 0.253) groups, indicating that anticipation
in the PFC_PL corresponded with slow RTs (Figure 2B).

Figure 3A shows MRCP waveforms over the medial pre-
frontal areas in the N-PEP and PEP groups divided into two
age cohorts (n = 25): younger (mean age: 25 years) and
older (mean age: 65 years). Activity started earlier and was
larger in the N-PEP than in the PEP group. The minimum
norm estimation (Supplementary Materials) of the cerebral
sources that generate prefrontal activity at its peak latency
were consistently bilaterally localized within the PFC in the
frontal pole (Figure 3B) and showed an increasing gradient
of intensity from the younger PEP (the lowest) to the older
N-PEP (the highest) participants. This localization agrees
well with previous studies that used the same paradigm but
a different source localization method (2).

DiscUSSION
The issue of population aging will be a challenge in the
coming decades in both advanced and developing countries.
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Figure 2. (A) Correlation between age and premotor activity in the pre-
frontal cortex (PFC). Significant differences between groups are shown by the
gray area. (B) Linear correlation between motor response time and premotor
activity in the PFC.

Although the clinical literature has recognized for years that
exercise affects overall health and brain function (13), less
is known about the benefits of physical exercise on execu-
tive functions mediated by the PFC across the adult life
span. We extended previous investigations by studying a
population with a greater age range (15-86 years). Using
high-resolution 64-channel EEG, we showed novel results
concerning the timing of PFC activity during motor plan-
ning, its modulation by physical activity and its relation-
ship with behavioral parameters. Physical activity did not
affect PFC activity during young adulthood, but its effect
was evident in participants older than 38 years of age: active
individuals engaged the PFC less and were faster than less
active individuals. We did not observe significant differ-
ences in the executive processes of the young participants
between the two groups. This suggests that compared with
middle-aged and older participants, the young participants
were easily able to accomplish the task, showing decreased
effortful task preparation, especially in the PFC. The ben-
eficial effects of physical exercise on cognitive functions in
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Figure 3. (A) MRCP waveforms over the medial prefrontal cortex (PFC; recorded on AFz) across the four cohorts. Premotor activity shows a gently rising
negativity peaking around the stimulus onset. Time zero represents the response onset. (B) Source localization of the aforementioned activity using MNE rendered
on a realistic template of the brain (frontal point of view) at PFC_PL. The activation foci were within the mid-dorsal PFC in the middle-frontal gyrus (BAs 9-10).

young people were not detected during the performance of
the present task, but they cannot be excluded.

We observed that physical exercise is particularly impor-
tant from middle age onwards, when the brain faces a series
of challenges that can include neurodegenerative diseases.
We extended previous fMRI findings, which revealed
lower activation of the PFC in older adults during execu-
tive control tasks following an exercise intervention (14).
The present findings reveal that in middle-aged and older
individuals, moderate-to-high levels of physical exercise
has beneficial effects on the planning and execution of a
response, as well as on the executive functions mediated
by the PFC; thus, public policy should focus on ways of
increasing volitional activity in adults, starting from mid-
dle age.

There are accumulating animal and human studies
explaining the metabolic and molecular changes induced
by physical exercise that promote cognitive health in older
people. Physical exercise has been shown to promote angio-
genesis (15,16), neurogenesis (17) (see also the neurogenic
reserve hypothesis) (18), and synaptogenesis (19) and to
modulate central and peripheral levels of key neurochemi-
cals, such as insulin like growth factor 1 and brain-derived
neurotrophic factor (20). Physical exercise also induces
structural and functional changes across different brain

regions, as revealed by neuroimaging findings in response
to specific physical exercise interventions (21-23). This
study reports the first evidence of changes in the electro-
physiology of the PFC induced by physical exercise.

Further studies combining different techniques and
behavioral measures would contribute to improving our
understanding of the mechanisms underpinning cortical
overrecruitment in older adults and how it might be
mitigated. Furthermore, further studies should identify
methods to choose the most appropriate tools to investigate
the aging brain and to propose individually tailored
interventions using a combination of physical and cognitive
programs for successful aging.

A critical issue of this study is its correlational nature and
the lack of a programmed intervention. Future work should
seek to replicate the present findings with controlled longi-
tudinal intervention programs.

In summary, these findings are of great importance to
researchers in different related fields for fully understand-
ing the aging process and developing effective multidisci-
plinary therapeutic and prevention strategies to counteract
brain diseases.

SUPPLEMENTARY MATERIAL
Supplementary material can be found at: http://biomedgerontology.
oxfordjournals.org/.
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