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Abstract

Exercise, as a potent epigenetic regulator, implies the potential
to counteract pathophysiological processes and alterations in most
cardiovascular/respiratory cells and tissues not withstanding a paucity
of understanding the underlying molecular mechanisms and dose-
response relationships. In the present account, the assets accruing
from physical exercise and its influence upon executive functioning
are examined. Under conditions of neuropsychiatric and neurologic
ill-health, age-related deterioration of functional and biomarker
indicators during healthy and disordered trajectories, neuroimmune
and affective unbalance, and epigenetic pressures, exercise offers a
large harvest of augmentations in health and well-being. Both animal
models and human studies support the premise of manifest gains from
regular exercise within several domains, besides cognitive function
and mood, notably as the agency of a noninvasive, readily available
therapeutic intervention. Clin Ter 2016; 167(6):e180-185. doi: 10.7417/
CT.2016.1965
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Introduction

In the present account the exercise as a potent epigenetic
regulator and the assets accruing from physical exercise and
its influence upon executive functioning are examined by a
literature review.

In addition to provide therapeutic benefits by increas-
ing the muscle thickness and function (1), the cognitive
benefits accruing from activity and exercise by the aged
have been demonstrated repeatedly (2). In general, physical
exercise intervention studies present significant and large
improvements in physical capacity, in some cognitive and
cognitive-affective domains, and in quality of life. These
benefits seem to be more-or-less equivalent between frail and
non-frail participants (3). The cognitive domains most sensi-
tive to aging include executive functions such as planning,
inhibition, task switching, maintenance and manipulation of
information (4,5), processing speed and episodic memory,
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i.e., memory of previous events (6,7). The aging-related
decline in cognitive function may be exacerbated by car-
diovascular disease and cardiovascular risk factors, such as
hypertension, diabetes, obesity, elevated total cholesterol,
chronic inflammatory condition (8,9).

Moderate aerobic effort has positive effects on fibri-
nolysis, blood viscosity and vascular tone (10). Aerobic
exercise programs appear to hold promise for decelerating
the progression of age-related neural changes and thereby
reducing the risk for mild cognitive impairment as well
as dementia. These programs combined with elevations
of cortico-releasing factor are associated with increased
cerebral blood volume and hippocampal neurogenesis (11),
cerebral perfusion (12), altered white matter (13,14), and
enhanced functional connectivity within neural networks
that determine executive function and episodic memory (15-
17). In a study controlling for demographics, chronic health
problems, and acculturation in elderly Latinos assigned to
both light and moderate/vigorous-intensity physical activity
(PA), Wilbur et al. (18) observed that the cognitive benefits,
including episodic memory and executive function (infer-
ence control, inattention, and word fluency, were evident
for both light-intensity and moderate/vigorous physical
activity, although these effects appear to be domain-specific.
Importantly, as indicated by Hayes et al. (19), aerobic-based
activities that require coordination, e.g. ballroom dancing or
‘water aerobics’ or skiing/ice-skating, in combination with
strength training would be expected to produce further cogni-
tive and brain-health benefits. Taken together, these diverse
studies serve to emphasize the influence of physical exercise
in the augmentation of the cognitive involved spatial learn-
ing and memory together with the cellular and molecular
mechanisms involved in neuroplasticity (20).

Executive functioning associated with the prefrontal
cortex is often an earlier marker of age decline in cognition
(21), e.g. disruption of white matter tracts, especially within
the PFC, may be a mechanism for age-related changes in
memory functioning (22). Within this context of age-linked
vulnerability, neurotrophic and inflammatory processes ap-
pear to induce opposite effects on neuroplasticity and neu-
roreparation, but also produce opposite effects on mitochon-
drial functions, oxidative phosphorylation and glycolytic



Cognitive Benefits of Exercise Intervention

181

processes, as modulated by stress and glucocorticoid action
(23, 24); these oxidative metabolism disorders, implicated
in neurologic and psychiatric conditions may have an onset
far pre-dating symptom debut. Brain-derived neurotrophic
factor (BDNF) conjoins physical activity to changes in
respiratory efficiency and these effects may be opposed by
inflammatory cytokines, implicated in neurodegenerative
conditions (25). A period of supervised regular exercise
improves the pulmonary function (26). Leckie et al. (27)
examined BDNF serum levels, as a mediator of the effects
of a 1-year walking intervention on executive function, in
90 older adults with a mean age of around 66 years. They
observed that age moderated the effect of intervention group
on changes in BDNF levels, with those in the highest age
quartile showing the greatest increase in BDNF after 1-year
of moderate intensity walking exercise, and concluded that
both age and BDNF serum levels are essential factors that
ought to be taken into account in considerations of the
mechanisms through which chosen exercise interventions
influence cognitive outcomes, particularly in elderly popula-
tions. In a 16-week multimodal physical exercise program on
peripheral BDNF levels and on Tumor Necrosis-o. (TNF-cx)
and Interleukin- 6 (IL-6) as pro-inflammatory markers in
cognitive healthy elderly individuals and in elderly with
mild cognitive impairment (MCI), Nascimento et al. (28)
assessed cognitive functions (Montreal Cognitive Assess-
ment), prior to and after the exercise intervention. They
assigned thirty cognitively healthy participants and thirty-
seven MCI participants control and exercise-trained groups.
The exercise-trained participated in a multimodal physical
training program over a 16-week period. The results showed
a significant difference in between-subjects interaction,
which indicates the beneficial contribution of training on the
reduction of TNF-o. and IL-6 and on the improvement of
BDNF peripheral concentrations. Cognitive functions also
presented significant improvements for MCI trained group.
In conclusion, physical exercise was effective to reduce pro-
inflammatory cytokines and to improve BDNF peripheral
levels, with positive reflexes on cognition. It is likely that this
study provides the first evidence of the longitudinal effects
of a multimodal physical exercises protocol on peripheral
concentrations of pro-inflammatory cytokines and related
cognition performance in elderly MCI individuals (29).

In a cross-sectional sample of 382 women over 50-
years-of-age, Valdes et al. (30) observed a strong correlation
between leukocyte telomere length and a subset of cognitive
performance measures, implying that telomere length may
offer a biomarker for cognitive aging in women prior to
the onset of dementia (see also Cherkas et al. and telomere
connection, below) (31). In groups of elderly participants,
exercised versus sedentary, regular physical exercise pro-
moted behavioral and electrophysiological performance
pertaining to executive control and contributed evidence
for the beneficial effects of open-skill exercise on the
task-switching paradigm (32).In a comparison of cognitive
training versus cognitive training plus exercise training in
a sample of healthy elderly individuals, considerable gains
were obtained by the exercise group with regard to cogni-
tive state, letter verbal fluency, and immediate and delayed
verbal memory (33). Executive functioning offers a corner-
stone of an individual’s cognitive sufficiency, capacity and

functional integrity: improvements in executive functioning
were shown to be related to adherence to exercise post- in-
tervention (34) whereas Anderson-Hanley et al. (35) found
that for older adults aerobic “exergaming”, video games
that are also a form of exercise relying on technology that
tracks body movement or reactions, yielded greater cogni-
tive benefit than traditional exercise alone. In a follow-up
study that examined the relationship between executive
function, self-regulation, and exercise behavior in the post-
intervention (naturalistic) period, Anderson-Hanley et al.
(35) obtained an important relationship between executive
functioning, self-regulation, and exercise behaviors during
the employment of ever-gaming with individuals presenting
poorer executive functioning are likely to ever-game more
frequently.

Physical exercise exerts a positive impact on physical he-
alth through various different avenues, for example, exerci-
se has been shown to affect positively cognitive performance
based upon a relocation of cortical activity which seems
to contribute the development of brain connectivity. Wol-
Iseiffen et al. (36) studied the effects of different types of
breaks (work-pauses) upon the cognitive performance and
related cortical activity among office-based employees. The
working-day was organized such that breaks were filled
with exercise, resting or a usual break compared with a
control condition wherein employees continued working
without any break. Cognitive performance was assessed
using the d2-R test, a test of attention, and two commer-
cially available cognitive tasks. Brain cortical activity was
recorded using electroencephalography before and after the
breaks. Each individual’s mood was analysed using a profile
of mood state. Their results indicated a positive effect of
a 3-min ‘boxing intervention’ on cognitive performance,
mirrored by a decrease in prefrontal cortex activity. Al-
though perceived psychological state was increased after
the usual break, this is reflected in neither cortical activity
nor cognitive performance. Since bike activity resulted
also in an increase in brain prefrontal region o-2 activity,
a positive effect of exercise on neuro-cognitive performance
was concluded. Similarly, high-intensity interval training, as
opposed to moderate-intensity continuous training, perfor-
med in a real-world gym setting improves cardio-metabolic
risk factors and psychological health in physically inactive
adults, as well as ensuring greater adherence and compliance
(37). Following a six-week exercise program, Wagner et al.
(38) obtained an improvement of physical fitness in most
subjects, healthy young adults with regard to cytokine and
BDNF integrity, and a positive correlation between the
degree of fitness improvement and increased brain-derived
neurotrophic factor (BDNF) levels. Increased levels of
biomarkers for BDNF, e.g. BDNF-positive cells and serum
BDNEF, are associated with improved cognitive performance
and psychological health (39-41).

Physical exercise assets

Physical exercise offers both ontogenetic and epigenetic
propensities that attest to benefits within several health do-
mains affecting neurobehavioral, brain regional, cellular and
physiological mechanisms. Psychological well-being, co-
gnitive, emotional, motor, behavioral, clinical, recuperative,



182

T. Archer et al.

epigenetic and health domains all make considerable impact
upon individuals’ propensity for and compliance with regular
exercise and physical activity and visa versa throughout
the lifespan development (42-48, 50-58). Generally, four
types of well-being are considered: (i) Hedonic well-being
which consists of deriving pleasure and happiness from
different aspects of life (“feeling good”), (ii) Eudaimonia
which consists of a mature and actively virtuous life-style
(“doing good”), (iii) Wellness which consists of the absence
of disease or infirmity (“good physical health”), and (iv)
Prosperity which consists of consisting of success in ende-
avors and good fortune (“prosperity”). In contrast, ill-being
has been defined as the absence of health, happiness and
prosperity due to infirmity or physical disability, unhappy
or dissatisfied, socially isolated or alienated, unsuccessful or
unfulfilled. Health has been described variously to conform
with a state of physical, mental and social well-being through
which individuals apply their own abilities, cope with the
normal stresses of life, live and work productively, fruitfully
and constructively, with adequate community contribution
(48, 49). Parkinson’s disease is associated with a variety of
non-motor symptoms, such as problems of remembering and
mood, that significantly reduce quality of life, even in the
early stages of the disease (59-61). Reynolds et al. (62) have
outlined the means through which, across the stages of the
disease, physical exercise exercise-interventions contribute a
treatment strategy with the unique ability to ameliorate a ran-
ge of non-motor symptoms while also alleviating the classic
motor symptoms of the disease. Neuroinflammation imparts
a markedpathological feature of neurogenerative disorders
by advancing the neurotoxic back-drop to the observed
cognitive deterioration (63-65). Accumulated dysregulation
of hippocampal neurogenesis provides a critical mechanism
underlying the cognitive impairment associated both with
normal aging and the neurocognitive deficits presented in
preclinical models of Alzheimer’s disease and other forms of
neuropathology (66). Ryan and Nolan (67) have examined
notions concerning exercise-induced effects on hippocampal
neurogenesis, cognitive functioning and neuroinflammation;
the postulate the physical exercise presents greater potential
as a pro-neurogenic and anti-inflammatory (as in cardiac di-
sease) (68), non-invasive, non-pharmacological intervention
for cognitively-based neurological disorder accumulated
much preponderance.

Physical exercise and executive function

Non-pharmacological therapies, such as physical exerci-
se interventions, present an appealing alternative or add-on
to current pharmacological treatment of cognitive symptoms
in patients with dementia. Executive functioning involves
several of the highest levels of behavioral functions peculiar
to homo sapiens, including complex planning, working me-
mory, reasoning, task flexibility, abstract thinking, problem-
solving and developing empathy and attachment (69-72).
Moderate-intensity continuous exercise has been found to
promote acutely the facilitation of executive functioning
likely through the selective activation of neurophysiological
and psychological processes (73, 74). A primary phase of
an overall meta-analysis revealed a positive overall effect of
physical exercise interventions on cognitive function. The

secondary phase analyses yielded evidence that physical
activity interventions were equally beneficial in patients
with Alzheimer’s disease and in patients with AD or a
non-AD related dementia diagnosis (75). The combined
(i.e. aerobic and non-aerobic) exercise interventions and
aerobic-only exercise interventions exerted a positive effect
on cognitive performance whereas this association was ab-
sent for non-aerobic exercise interventions. In conclusion,
the authors found that interventions offered at both high
frequency and at low frequency exerted positive effects on
cognitive function. The findings of meta-analysis imply that
physical activity interventions influence positively cognitive
function in patients presenting dementia. Barcelos et al.
(76) assessed the influence of exercise on executive functio-
ning under conditions of low- and high-demand cognitive
tasks, using the ever-gaming technique, in older adults.
Individuals in the high cognitive demand group performed
at a higher level compared to those individuals in the low
cognitive dose condition. Everyday functioning improved
across both exercise conditions (mental and physical). Their
preliminary results indicated that for older adults, cognitive
benefit while exer-gaming increased concomitantly with
higher doses of interactive mental challenges.

Exercise “stress tests” are applied widely to assess
cardiovascular function and to detect abnormalities in the
study of cognitive processes, in particular executive fun-
ctioning. Tsukamoto et al. (77) studied the extent to which
high-intensity interval exercise impacted upon post-exercise
executive functioning immediately after and during post-
exercise recovery in twelve healthy male subjects using cycle
ergometer with executive functioning assessed by Stroop
test, pre-exercise and post-exercise. Although the functional
improvement was equivalent for both high-intensity interval
exercise and moderate-intensity continuous exercise, the
former improvement, concurrent with both physiological
and psychological changes, was sustained during the 30-
min post-exercise recovery in the former case whereas in
the latter case functioning returned to pre-exercise levels.
Higher levels of objectively measured moderate to vigorous
physical activity, rather than light physical activity extent or
sedentary time extent, were associated with lower prevalence
of cognitive impairment and better performance in memory
and executive function in aging individuals (78). The effects
of different types of martial arts physical training was studied
in middle-aged adults with executive functioning, cognitive
performance assessed by the Stroop Color and Word test. Al-
though all three exercise conditions, two types of martial art
training and aerobic exercise (walking), improved attention
and processing speed, only the two martial art conditions
improved the highest order of cognitive performance, exe-
cutive function. The effect of the 2 martial art conditions
on executive function was not different. The improvement
in executive function was due possibly to the increased
cortical demand required by the more complex, coordinated
motor tasks of martial art exercise compared to the more re-
petitive actions of walking (79). Scott et al. (80) administered
a comprehensive neuropsychological battery and underwent
a Six Minute Walk Test, with blood pressure measures,
from which pulse pressure was derived as an indicator of
vascular auto-regulation, obtained immediately before and
after the walk to normal older adults. The worse levels of
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executive function scores exhibited a stronger relationship
with post-exercise pulse pressure than pre-exercise pulse
pressure implying that this measure, following system stress
in the form of walking, may be more reflective of the state
of vascular integrity and associated executive dysfunction in
older adults than baseline physiological measures.

The promotion of physical activity programs in order
to improve inmates QoL and allow a better social integra-
tion (81) and in many diseases the interventions aimed at
improving rehabilitation programs, regular psychosocial
support, and follow-up may give persons a more satisfying
lifestyle (82).

Conclusion

Several manifestations of physical exercise providing
health benefits for aging individuals are evident in healthy
and functional muscles and bones, increased strength and
endurance, angiogenesis and neurogenesis, the reduced
risk for chronic disease such as overweight and diabetes,
improved self-esteem and psychological well-being, and
higher levels of subjective and psychological well-being
as well as reduced stress, anxiety and depression. Since a
sedentary lifestyle impacts adversely on happiness, psycho-
logical well-being and several important positive personal
attributes, most physical activity interventions, if properly
designed and maintained appear to promise a satisfying de-
gree of improvement. Physical exercise influences cognitive,
emotional, learning, daily activities and neurophysiological
domains, both directly and indirect (83), thereby rendering
it essential that this noninvasive, nonpharmacological inter-
vention ought to form a part of children’s and adolescents’
long-term health programs.
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