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Exercise as Therapy: Health and Well-Being
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Abstract: Physical exercise, in several guises, improves health and delivers a multitude of benefits for the aging brain
and body, not least by delaying the aging process, but also by, its “scaffolding effect’, buttressing the physiological
processes vulnerable to that level of credibility. The present account is based upon a systematic survey of published
studies outlining the benefits of physical exercise an intervention to improve diverse health aspects, with the key-words
“Physical exercise and Health” among all biomedical sources. Under conditions of neuropsychiatric and neurologic ill-
health, child-adolescent maturation during healthy and illness developmental 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.
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Under neuropsychiatric and ill-health conditions,
physical exercise has proven remarkably beneficial
whether partaken at beginning, under the course of or
during the twilight of the human life-cycle [1-8] and
under a variety of disorder [9-11] and occupational [12-
14] conditions. For example, using computer games to
assess attentional span [15], it was found that intense
exercise improved the attention of children with ADHD
thereby facilitating school performance at a level
comparable to undiagnosed children. Remarkably, just
four minutes of within-classroom high-intensity interval
physical activity (off-task behavior) improved selective
attention performance in nine- to eleven-year-old
children [16-18]. Academic performance and health
outcomes are threatened by, psychological complaints
and overweight in children and adolescents [19], these
outcomes express a remarkable degree of co-
expression [20-22], as well as links between affective
disorders and eating disorders [23, 24]. Regardless of
year of birth, cardiorespiratory fithess and weight status
were shown independent and combined to be related
to academic achievement in seventh-grade students
within different cohorts [25]; this evidence offers further
support that aerobically fit and normal weight pupils are
more likely to express higher levels of performance at
school. Nevertheless, several factors affect exercise
participation: Taking into account cultural factors in
Eastern Mediterranean regions, it has been postulated
that the propensity for exercise among female
university students requires much further attention from
the perspective of health and well-being [26]. Not least,
the conditions under which physical education is
acquired may be critical: e.g. Whipp et al. (2015) [27]
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demonstrated that non-reciprocal peer-teachers who
had received formalized support through training and
tactical games approach-based teaching resources
expressed enhanced behavioral, pedagogical, and
motor performance outcomes in physical education
training. It has been observed that performance at call
centers was directly related to “opportunities to
develop”, the character strength clusters of “Wisdom”
and “Knowledge”, “Temperance” and the “Frequency of
exercise” [28].

In the present account, 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 endeavors
and good fortune (“prosperity”). Contrastingly, illbeing
may be defined as the absence of health, happiness
and prosperity due to infirmity or physical disability,
unhappy or dissatisfied, socially isolated or alienated,
unsuccessful or unfulfiled. 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 [29, 30]. Health
indicates the level of functional or metabolic efficiency
of living organisms; in this regard the type and extent of
physical exercise may be critical. For instance, the
influence of physical activity upon Subjective well-being
was examined through an analysis of individuals’
participation intensity and duration of sports activities
[31]. It was observed that for participation intensity
show that the number of days during which individuals
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practiced at moderate intensity in the week prior to the
interview induced a significant and positive effect on
Subjective well-being, whereas the number of days
with vigorous-intensity activity has a significant and
negative impact.

HEALTH-PROMOTION THROUGH EXERCISE

The childhood-adolescence developmental phase
places an overload of intrinsic stress and life-demand
burdens upon individuals seeking maturity in the
emotional, cognitive, motor and neurobiological
domains [32, 33] and ought to be considered in
conjunction with the "biological embedding" of
childhood stress and trauma experiences [34].
However, physical exercise influences academic
performance and well-being positively, and often
invariably, in children and adolescents [4], a strong
indication of its benefits for cognitive-affective
expressions. These types of exercise interventions
present advantages, not only regarding reduced stress,
anxiety and depression, but also improved self-esteem
and psychological well-being [8, 35-38].
Cardiorespiratory capacity (measured on the 20-meter
shuttle-run  test) and motor ability were linked
independently with all academic variables in children
and adolescents (N = 2038, aged 6 to 18 years),
despite adjustment for fitness and fatness indicators
[39]. On the other hand, muscular strength was not
linked with academic performance, independent of the
other two physical fithess components, agility and co-
ordination. In the present context, the combined
adverse effects of low cardiorespiratory capacity and
motor ability on academic performance observed
across the risk groups ought to be noted particularly. In
a study of healthy men and women, it was observed
that regular exercise protects against the negative
emotional outcomes of stress, and suggest that
exercise exerts beneficial effects in healthy individuals
[40]. Finally, in a population of 165 primary school
children (aged 10-12 years), the physical exercise
habit-strength was associated positively with higher
levels of short-term memory [41], which were in turn
associated with higher levels of academic performance;
the authors concluded that the exercise habit is
positively associated with cognitive ability and mediates
the negative effect of distress.

Introducing exercise regimes is beneficial to health
and well-being, both under laboratory and clinical
conditions and has been demonstrated using a variety
of health biomarkers. For example, in aged male rats
(20-months-old, known for their obesity under

sedentary conditions), treadmill exercise attenuated
age-related cognitive decline in the inhibitory avoidance
test, reduced pro-inflammatory biomarkers, TFN-a
levels, and elevated histone H4 acetylation levels,
associated with enhanced transcriptional activity
related to improved epigenetic outcome, in
hippocampal tissue [42, 43]. Additionally, in groups of
children and young adults with repaired tetralogy of
Fallot, a 3-month aerobic dynamic exercise training
schedule induced levels of ‘good’ maintenance of
regional ventricular performance [44]. Physical exercise
influences  cognitive, emotional, learning and
neurophysiological domains, both directly and indirect,
thereby rendering it essential that this noninvasive,
non-pharmacological intervention ought to form a part
of children’s and adolescents’ long-term health
programs [3]; its utility has been examined in wide
range of inflammatory conditions [45]. The epigenetics
of health benefits arising from regular physical exercise
is documented increasingly [46, 47]. Several anti-
inflammatory actions of physical activity are accessible:
e.g., 6 weeks of voluntary running wheel activity, in
male Wistar rats prior to colitis-induction using
trinitrobenzene sulphonic acid challenge was assessed
[48]. They measured colonic gene (TNF-a, IL-1B,
CXCL1 and IL-10) and protein (TNF-a) expressions of
various inflammatory mediators and enzyme activities
of heme oxygenase (HO), nitric oxide synthase (NOS),
and myeloperoxidase (MPO) enzymes. It was observed
that the activities of HO, constitutive NOS (cNOS)
isoform were increased. The exercise regime
decreased significantly TNBS-induced inflammatory
markers, including extent of lesions, severity of
mucosal damage, and gene expression of IL-1pB,
CXCL1, and MPO activity whereas IL-10 gene
expression and cNOS activity were elevated; iINOS
activity was reduced and the activity of HO enzyme
increased in comparison with the sedentary TNBS-
treated group. Thus, the anti-inflammatory role of
exercise through (i) down-regulation of pro-
inflammatory mediator gene expression, (ii) induction of
anti-inflammatory mediators, and (iii) modulation of HO
and NOS enzyme activity. A further therapeutic role of
exercise has been found in manifestation of
cardiovascular integrity: matrix metalloproteinases
were shown to exert major influence in cardiac
remodeling through the facilitation of physiological
adaptation to exercise [49]. Certainly, the
context/environment features (see below) under which
exercise is engaged upon may be influential. Emotional
well-being was a consistent positive effect of outdoor
exercise whereas general health factors were linked to
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both indoor and outdoor exercise/activity [50]; outdoor
exercise was important too for improving sleep quality,
an aspect that may be essential to alleviation of
depressive symptoms. Similarly, the proximal exercise
outcome condition (temporal) was predictive of intrinsic
motivation [51].

MOOD IMPROVEMENT THROUGH EXERCISE

Exercise induces antidepressant effects as reflected
by several expressions of depressiveness [52, 53], not
least through implementing self-efficacy and other
indicators of well-being. In contrast, lack/absence of
exercise/activity through a sedentary existence has
prompted the conclusion that every third Australian
child/adolescent between the ages of 5 years and 19
years has been predicted to be classified as overweight
or obese by the year 2025, with childhood obesity
being associated with multiple immediate physical and
psychological, depression, low self-esteem and lower
scores of health-related quality of life, health co-
morbidities as well as co-morbidities in adulthood [54].
In a foot-shock-model of depression in rats, treadmill
running exercise alleviated the depressive symptoms,
immobility and suppression of climbing behavior, and
increased the biomarkers whose reduction is indicative
of depression, i.e. reduced expressions of serotonin (5-
HT), tryptophan hydroxylase (TPH), and HT-1A
receptors, in the dorsal raphe in the stress-induced rats
[55]. Archer et al. (2014) [3] outlined the beneficial
effects of physical exercise regimes upon cognitive,
executive function and working memory, emotional,
reduced self-esteem and  depressed mood,
motivational, anhedonia and psychomotor retardation,
and somatic/physical, sleep disturbances and chronic
aches and pains, categories of depression.
Concomitantly, the amelioration of several biomarkers
linked with depressive states: hypothalamic-pituitary-
adrenal axis (HPA) homeostasis, anti-
neurodegenerative effects, monoamine metabolism
regulation, and neuroimmune functioning, bolsters the
notion of exercise as a “scaffolding” that buttresses
available network circuits, anti-inflammatory defences,
neuroreparative processes, e.g. mobilization of brain-
derived neurotrophic factor (BDNF) and epigenetic
development. Certainly, in university students exercise
provided quite a strong alleviation of depressive
symptoms [56]. Despite the promise of exercise
benefits for depressive disorders the paucity of
systematic studies on the effects of exercise intensity,
duration and frequency awaits further research [57].
The effects of a six-month exercise regime consisting
of aerobics (walking and running) and strength and

upon measures of fithess
(bioimpedance scale and a stadiometer) and
depressiveness (Yesavage's Geriatric Depression
Scale) was studied in a group of 26 elderly patients
[58]. Significant improvements were obtained in
depressive symptoms, and in all physical fitness tests
excepting the flexibility tests whereas their waist
circumference reduction underlined the positive effects
of exercise intervention.

flexibility —exercises

EXERCISE AS AN EPIGENETIC INTERVENTION

Physical exercise offers an epigenetic propensity
that holds benefits with several health domains,
particularly for children and adolescents [59]. Despite
issues linked to population selection and quantification
of exercise, the overall pattern emerging appears to be
a product of the utilization of global methylation as an
outcome measure, not depicting changes in DNA
methylation at the gene-specific level. Thus, particular
genes may be methylated differentially in response to
exercise-activity; nevertheless, certain genes may be
hypomethylated, and others hypermethylated, thereby
causing little to no global alteration [60]. In order to
study genomic mechanisms involved in exercise-
induced behavioral changes, Kim et al. (2015) [61]
examined whether or not the effects of restrain stress
treatment upon depression-induction and amygdaloid
biomarkers together with exercise-induced reversal.
Chronic restrain stress induced depressive behaviors,
immobility and time spent in target zone that were
ameliorated by the scheduled forceful exercise
intervention. These behaviors were accompanied by a
global reduction of G9a histone methyltransferase and
H3K9me2 at the oxytocin and argenine vasopressin
promoters; exercise intervention increased the levels of
G9a histone methyltransferase and H3K9me2 at the
oxytocin and arginine vasopressin promoters in the
basolateral amygdala which was linked to suppression
of oxytocin and arginine vasopressin expression. In a
social defeat-stress (resident intruder) model of anxiety
and depression in rats, Patki et al. (2014) [62] studied
the influence of moderate treadmill exercise (over 2
weeks) upon anxiety-like behaviors and cognitive
performance. Both social defeat induced anxiety-like
behavior, e.g. time in light region, ambulation, distance
travelled and fecal boli counts, and memory
impairments (errors in the radial arm maze), and
corticosterone levels were alleviated by the exercise
regime which normalized social defeat induced
elevations of oxidative stress markers (prate in
carbonylation, and protein levels of GLO-1/B-actin,
GSR-1/B-actin, Mn-SOD/ B-actin, and Cu-Zn SOD/ -
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actin). The presence of epigenetic mechanism was
implicated histone acetylation of H3 and methyl-CpG-
binding modulation in the hippocampus; specifically
exercise reversed the stress-induced reduction of
BDNF/ B-actin, p-CREB/t-CREB, CAMKIV/ B-actin and
elevations of p-ERK][1/2)/t-ERK(1/2)] and IL-6/ B-actin.
Finally, Lindholm et al. (2015) [63] observed the
contribution of DNA methylation and associated
transcriptomic changes emerging from exercise-
training regimes. These authors obtained consistent
and associated modifications, DNA methylation in
enhancers, gene bodies and intergenic regions and to
a lesser extent in CpG islands or promoters, in
methylation and expression, concordant with observed
health-enhancing phenotypic adaptations.

CONCLUSIONS

The manifest health-beneficial expressions of
physical exercise over individuals’ life-cycles, whether
normal or in ill-health, may be encapsulated within
several domains of welfare: (i) exercise and academic
performance, (ii) exercise and the developmental
trajectory, (iii) exercise for the alleviation of affective
disorders, and (iv) the epigenetic manifestations of
physical exercise. Surprisingly, the effects of exercise
may be determined relatively quickly: just eight weeks
of pre-season training on body composition, physical
fitness, anaerobic capacity, and isokinetic strength in
collegiate taekwondo athletes in endurance gave
improvements on all these parameters, as assessed by
relative peak power and anaerobic capacity and
angular velocity [64, 65].
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