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Abstract

With only a quarter of young people currently meeting physical activity guidelines, two key areas of
concern are the effects of exercise on cardio-metabolic health and cognition. Despite the fact that
physical activity in young people is typically high intensity and intermittent in nature; much of the
literature examines traditional endurance type exercise. This review provides an update on the effects
of high intensity intermittent exercise on young people’s cardio-metabolic health and cognition. High
intensity intermittent exercise has acute beneficial effects on endothelial function and postprandial
lipemia and chronic positive effects on weight management. In addition, there is emerging evidence
regarding chronic benefits on blood lipid profile, blood pressure and pro- and anti-inflammatory
cytokines. Furthermore, emerging evidence suggests beneficial acute and chronic effects of high
intensity intermittent exercise on cognition. However, further research is required in both cardio-
metabolic health and cognition, particularly regarding the impact of school-based interventions in

adolescents.

Keywords: High intensity intermittent exercise; young people; health; cognitive function; academic

achievement

Summary statement: Review of emerging evidence of the benefit of high intensity intermittent

exercise for cardio-metabolic health and cognition in young people



1. Introduction

Physical activity levels in young people have decreased significantly in recent times, as evidenced by
only 27% of young people (aged 5-19) in the United States (16) and 21% of boys and 16% of girls (aged
5-15) in the United Kingdom (6) currently meeting the recommended guidelines of 60 minutes of
moderate to vigorous physical activity per day. These low levels of physical activity have been
implicated in the relatively high prevalence of overweight and obesity in young people, with 31% of
young people (aged 2-19) in the United States (48) and 29% of young people (aged 2-15) in the United
Kingdom (35) reported as being overweight or obese. Strategies aimed at increasing physical activity
levels have thus become a major public health concern, with evidence suggesting that endurance-based
exercise has beneficial effects upon health in young people (61). However, the beneficial effects of
physical activity go beyond physical health and extend to psychosocial benefits (26), beneficial effects

on mental health (7) and enhanced cognitive function and academic achievement (29).

Despite the majority of the literature surrounding the effects of exercise in young people focusing on
endurance type activity, such activity is actually very rare in young people. Evidence suggests that the
activity patterns of young people are much more sporadic and rarely consist of sustained moderate or
vigorous intensity activity (1). Specifically, it has been suggested that 95% of physical activity bouts in
young people are less than 15 s in duration (3) and thus young people’s activity patterns are typically
high intensity and intermittent in nature. In addition to the ecological validity of high intensity
intermittent exercise in young people, it is also an attractive exercise model as it is time efficient and
can be incorporated in to games-based activity (43) which enhances both enjoyment and adherence to
exercise programs (38). It is important to note however that if the exercise is perceived as excessively
challenging this could have the opposite effect on participation in physical activity and thus it is vital
that high intensity intermittent exercise is carefully implemented in young people. This review will
focus upon the potential beneficial effects of well-implemented high intensity intermittent exercise on

two key areas of concern in young people; cardio-metabolic health and cognitive function.



2. Cardio-Metabolic Health

In adults, physical inactivity is related to a multitude of non-communicable diseases including
cardiovascular disease, type 2 diabetes mellitus and metabolic syndrome (2). Whilst such diseases
typically present during the fifth decade of life (46), the risk factors associated with their development
are present during childhood and track through into adulthood (27,59). Therefore, the effects of high
intensity intermittent exercise on these risk factors in young people are of great interest and are reviewed

in this section.

2.1: Weight Management

It has been well established that continuous modes of aerobic exercise, such as walking, running and
cycling augment weight loss in overweight and obese children and regulate weight management in
individuals categorised as being normal weight (44,63). Furthermore, high intensity intermittent
exercise has been proposed to induce superior physiological and health-related benefits in contrast to

continuous modes of exercise, due to the greater peripheral vascular and cellular stress induced (33).

To appropriately assess the effect of high intensity intermittent exercise training on weight regulation,
it is important to distinguish between studies that have investigated children and adolescents categorised
as normal weight, overweight and obese. To date the effect of high intensity intermittent exercise
training on the physical characteristics of children and adolescents classified as a normal weight remains
relatively unexplored. However, Buchan et al. (10,11) have recently conducted a series of studies
assessing the effect of 7 weeks of high intensity intermittent exercise training upon cardio-respiratory
fitness, power, speed and weight regulation in healthy weight adolescents (boys and girls, aged 16.7 +
0.6 years). Interestingly, the progressive 7 week high intensity intermittent running exercise programme
failed to induce changes in body composition, yet proved successful in enhancing the cardiorespiratory
fitness (assessed using the multi-stage fitness test) of the participants who completed the intervention
(10,11). The authors suggested that the lack of change in body composition was unsurprising given the

short duration (7 weeks) of the exercise programme and the healthy weight of the adolescents at



baseline; but that the study provided further evidence that enhancing cardiorespiratory fitness is

important in reducing cardiovascular disease risk factors in young people (10).

Lambrick et al. (43) further investigated the effect of high intensity intermittent games-based exercise
training on body composition, in children (boys and girls, aged 8-10 years) categorised as normal weight
or obese based on baseline body composition. Children from both groups were randomly allocated to
complete either 6 weeks of high intensity intermittent exercise or the maintenance of their habitual
physical activity levels. For the normal weight children there was no change in body mass or waist
circumference, whilst for the obese children completing the intervention there was a 3.2% decline in
waist circumference and a 5.8% increase in muscle mass. Of particular note for this study was that the
high intensity intermittent exercise intervention was incorporated into child specific games, which may

have implications for motivation and uptake of physical activity.

In recent years there has been a greater body of literature assessing the role of high intensity intermittent
exercise training on weight loss in overweight and obese adolescents (23,30,43). Studies have typically
contrasted the benefits of high intensity intermittent exercise training and endurance training (8,23,30).
Specifically, it was reported that 6 months of progressive high intensity intermittent running exercise
training in obese adolescents elicited a significantly greater decline in waist circumference than light
aerobic exercise; with a 6.7% reduction in waist circumference following high intensity exercise and a
2.8% increase with light endurance training (30). Furthermore, a 12 week high intensity intermittent
running training programme has been reported to augment the decline in body mass in obese children
(aged 10 years) in comparison to an endurance training intervention with reductions of 2.6% and 1.3%,
respectively (23). Whilst in all of the above studies endurance training has been successful in attaining
weight reduction, it appears that the superior physiological demands and cellular stress of high intensity

intermittent exercise permits significantly greater reductions in body mass and waist circumference.

2.2: Cardiovascular Disease Risk



Cardiovascular disease (CVD) risk during adolescence is characterised by hypertension, dyslipidaemia
and low-grade chronic inflammation (41). The majority of research relating to physical activity and
CVD risk during adolescence has focused on traditional risk factors such as blood pressure, the blood-
lipid profile and fasted glucose and insulin (9,11,30). In contrast, there is limited research addressing
the role of physical activity, particularly the acute effects of high intensity intermittent exercise, or the
effect of high intensity intermittent exercise training on novel markers of inflammation (24), heart rate

variability and recovery (9,23) and flow mediated dilation (9,54) during adolescence.

The acute effects of high intensity intermittent exercise on pro-inflammatory and anti-inflammatory
cytokines remains relatively unexplored to date. A small number of studies have examined the effect of
high intensity intermittent exercise on inflammatory cytokines in middle-aged men (24,47). In both
studies, high intensity intermittent exercise induced a significant increase in pro-inflammatory
cytokines (interleukin 6 and interleukin 10) and in the anti-inflammatory cytokine, interleukin 1-
receptor antagonist (24,47), whilst the moderate intensity exercise failed to affect the inflammatory
biomarkers. The exploration of the acute effects of high intensity intermittent exercise in children,
adolescents and adults is important for developing physiological understanding as to how high intensity
intermittent exercise, if of a tolerable intensity, for children and adolescents, elicits superior adaptations

in contrast to moderate intensity exercise and research is required on this topic.

In contrast, the acute effects of high intensity intermittent exercise on endothelial function have been
assessed in adolescent boys, aged 12-14 years (54). The consumption of a high fat breakfast and lunch
reduced flow-mediated dilation by 20% and 27%, respectively. Interestingly, if repeated sprints were
performed the day prior to the consumption of the high fat meals, postprandial endothelial dysfunction
did not occur in the young boys (54). These finding are consistent with those reported a few years earlier
when assessing the role of moderate intensity exercise in adolescent boys (53). However, it is yet to be
determined whether high intensity intermittent exercise elicits superior benefits above those of moderate
intensity exercise and thus this is an area future research must address. Finally, as yet there have been
no studies examining the effects of sprint or game-type activity on endothelial function in adolescent

girls.



The effect of short-term (2 weeks or less) high intensity intermittent cycling exercise training on both
traditional and novel markers of CVD risk has recently been assessed in healthy normal weight
adolescents (9). A two-week high intensity intermittent exercise training programme failed to elicit an
effect on traditional markers of CVD risk with blood pressure, plasma lipids (cholesterol and
triacylglycerol) and fasted glucose remaining unaffected. In contrast, the intervention improved
endothelial function and heart rate variability, despite such effects being lost 3 days following the final
training session, raising the question as to whether the benefits seen were a result of training or from
the acute effects of the last exercise bout. Thus, the effects of high intensity intermittent exercise training
on traditional and other markers of CVD risk remains elusive with discrepancies between the recent
Bond et al. (9) study and other earlier short-duration high intensity intermittent exercise training studies

in healthy adolescents where improvements in blood pressure were shown (11).

Recent studies have observed mixed effects of longer-duration (> 4 weeks) high intensity intermittent
exercise on a variety of risk factors associated with cardiovascular disease in adolescents (11,23,30).
Novel markers of CVD risk, such as heart rate variability, have been improved with 6 months of high
intensity intermittent running exercise (boys and girls aged 14-15 years) (30). Furthermore, high
intensity intermittent running exercise programmes have proved successful in attenuating systolic blood
pressure in contrast with endurance training programmes (boys and girls, aged 10 years) (23) and
control conditions whereby participants maintained baseline levels of physical activity (11). However,
the same training programmes have also proved to be ineffective in reducing blood lipids and
inflammatory cytokines such as C-reactive protein, adiponectin, total cholesterol and triacylglycerol in
adolescents aged 16-17 years (11). Thus, the argument for further research in relation to determining

the time course in which high intensity intermittent exercise elicits health benefits is justified.

2.3: Postprandial Lipemia

Elevated plasma triacylglycerol (TAG) concentrations are associated with increased risk of

atherosclerosis and the likelihood of a cardiovascular event during later life (4). The Westernised



lifestyle is characterised by the ingestion of high fat meals, which results in elevated postprandial TAG
concentrations in adolescents (53). Moderate intensity exercise performed the day prior to ingesting
high fat meals has previously been reported to reduce postprandial TAG in adolescent girls (56).
However, as high intensity intermittent exercise has been reported as superior to moderate intensity
exercise in many other health related domains, research has progressed to assess the effect of such
exercise and training on postprandial lipemia (54). Sedgwick et al. (54) demonstrated that high intensity
intermittent exercise performed 14 hours prior to the ingestion of high fat meals successfully reduced
postprandial plasma TAG in adolescent boys. This was the first study to determine that repeated sprints
elicit health benefits in adolescent boys; however, the same research team had previously reported that

games-based activity also reduced postprandial lipemia in adolescent boys (5).

3. Cognitive Function and Academic Achievement

In addition to the aforementioned beneficial effects of high intensity intermittent exercise on cardio-
metabolic health in young people, another area of great interest is the effect of such exercise on
cognitive function and academic achievement, with academic achievement of particular importance to
schools and school policy makers. Cognitive function is defined as a great variety of brain-mediated
functions and processes which allow us to perceive, evaluate, store, manipulate and use information
(52). Cognitive function is commonly split in to six domains; memory, attention, executive function,
perception, psychomotor functions and language skills; which are sometimes sub-divided further (e.g.
visual, verbal, spatial and auditory memory). Therefore, it is unsurprising that cognitive function has
been suggested to be particularly important for academic achievement in young people (57). Thus
factors that may enhance cognitive function in young people, such as exercise, are of particular interest.
The following section will therefore review the evidence regarding both the acute and chronic effects

of high intensity intermittent exercise on cognitive function and academic achievement in young people.

3.1: Acute Effects of Exercise on Cognitive Function



There is a substantial body of literature to suggest that an acute bout of exercise has beneficial effects
on cognitive function in young people (29,57). However, there are a number of variables that confound
the exercise-cognition relationship including; the domains of cognitive function examined, the exact
cognitive function tests used, the timing of the tests relative to exercise, and the exercise characteristics
(e.g. duration, intensity and modality). Of particular interest in this review is the effect of high intensity
intermittent activity on cognitive function in young people, given that this is the mode of exercise that

young people most frequently engage in (1,3,38).

Many of the studies examining the effect of exercise on young people’s cognitive function have
focussed upon continuous exercise models such as walking (25), running (18,19) and cycling (28). The
consensus from this literature is that there is a small, but positive, acute effect of moderate intensity
exercise on young people’s cognition (57). However, more recently studies have started to examine the

effect of exercise of differing exercise intensities on cognitive function.

It is logical that exercise of differing intensities will have differing effects on cognitive function, given
the mechanisms believed to moderate the exercise-cognition relationship. For example, in an adult
population, Winter et al. (62) have demonstrated that high intensity running (2 x 3 min sprints) was
more beneficial for cognitive function (learning performance) than moderate intensity exercise (40 min
steady running) and a resting control condition. Interestingly, Budde et al. (13) also found that higher
intensity exercise was more beneficial for attention (as assessed by the d2 test), but only in the more
physically fit young adults. However, given that these studies were conducted in adult populations they
must be applied to young people with caution given that age is a moderating variable in the exercise-

cognition relationship (17).

One of the key mechanisms that may be responsible for high intensity exercise being particularly
beneficial for cognitive function is the higher brain-derived neurotrophic factor (BDNF) and
catecholamine concentrations induced by high intensity exercise (62). Whilst no studies to date have
examined the acute effects of exercise on BDNF concentrations in young people, Lee et al. (45) have
reported that adolescents who regularly exercise have higher concentrations of neurotrophic factors

such as BDNF and interestingly, also superior cognitive function when compared to controls. Therefore,



it seems that neurotrophic factors such as BDNF do at least have some role to play in affecting cognitive

function in young people, although this still requires further investigation.

A number of studies have demonstrated positive effects of high-intensity intermittent exercise on
cognitive function in young people (20,32,49,58). Specifically, in 13-15 year old boys and girls Travlos
(58) found that mathematics ability was enhanced following high intensity (>85% of age predicted
maximum heart rate) running exercise, but only when this exercise was performed early in the school
day. Similarly, data from our own laboratory demonstrate that sprint-based exercise (10 x 10 s maximal
running sprints, interspersed with 50 s active recovery) performed mid-morning is beneficial for the
speed of executive function (Stroop test) both immediately and 45 min post-exercise (20). These
findings in young people are thus in line with the adult literature suggesting that high intensity exercise

is particularly beneficial for cognitive function.

An interesting form of high intensity intermittent exercise in young people is games-based activity,
given this is a mode of exercise that not only elicits a high intensity but as previously described, it is
also an attractive exercise model for young people. Games-based activity is potentially particularly
beneficial for cognitive function due to the co-ordination and decision making (with a clear cognitive
component) required, with Budde et al. (12) reporting an acute bout of co-coordinative exercise to
enhance attention in adolescents (boys and girls, 13-16 years old) when compared to a normal sports
lesson and a resting control condition. Furthermore, Pesce et al. (49) have also reported that memory
was enhanced following team games in boys and girls aged 11-12, when compared to aerobic based
exercise, with the authors suggesting that this may be due to cognitive involvement in the decision
making process during games play. However, unpublished data from our research group failed to
replicate these findings and found no difference between a circuit of coordinative exercise and a resting

control condition across a range of domains of cognitive function.

More recently, Gallotta et al. (32) compared the effects of physical exertion (PE class), cognitive
exertion (normal school lesson) and mixed physical and cognitive exertion (coordinative PE lesson) on
attention in 8-11 year old boys and girls. The authors reported that all three conditions enhanced

attention when compared to baseline, but in contrast to the above findings (12,49), they reported that



mixed physical and cognitive exertion had less of a beneficial effect when compared to physical or
cognitive exertion alone. The authors speculated that this could be due to an excessive physical and
cognitive load/stress being placed on the young people in the mixed exertion condition (32), which
could have been too much for the 8-11 year old boys and girls in the study of Gallotta et al. (32), whilst

enhancing cognition in male and female adolescents (12,49).

In conclusion, there is emerging evidence that high intensity intermittent exercise (particularly games-
based activity) is beneficial for cognitive function in young people. However, this is an area that
warrants further investigation, specifically concerning the effect in different age ranges (e.g. children
vs. adolescents) and the effect on different domains of cognitive function. Furthermore, the time course
of the changes in cognitive function following high intensity intermittent exercise is yet to be reported,

so it is unknown how long the beneficial effects of exercise persist for.

3.2: Chronic Effects of Exercise on Cognitive Function and Academic Achievement

In addition to the acute effects of exercise on cognition, the chronic effects of exercise training are also
of interest, especially given that athletes have been shown to have enhanced executive function when
compared to non-athletes (39). Therefore, the subsequent section of this review will explore whether
chronic high intensity intermittent exercise training exhibits beneficial effects on cognitive function in
young people. As chronic training studies are difficult to conduct in children and adolescents and are
relatively sparse, cross-sectional studies examining the cognitive function of children and adolescents

who are well-trained (and thus physically fit) with those of a typical school-child are also reviewed.

The effect of chronic exercise training on cognition, like the acute effects of exercise on cognition may
be influenced by a number of variables, such as the domain of cognitive function examined and the
level/type of physical activity (21). In young people, exercise training has been suggested to have
beneficial chronic effects on cognitive function in both children (36) and adolescents (29). However,
the evidence in this area is difficult to synthesise due to suggestions that the effects may be sex specific,

the wide variety of exercise interventions/classifications used (including the intensity, duration and



modality of exercise) and the fact that the majority of studies in the area are cross-sectional and thus

have the potential for many confounding variables to affect the findings.

A number of studies have examined the effects of exercise on both cognitive function and academic
achievement in young people, with academic achievement being of particular interest for schools and
school policy makers. The Centre for Disease Control and Prevention (15) undertook a large-scale
review of this topic and concluded that of 251 effects identified in previous studies, just over half
(50.5%) demonstrated a positive effect of exercise on academic performance, whilst very few studies
(1.5%) demonstrated a negative effect. This effect persisted across school-based, classroom-based and
extra-curricular interventions. The reasonably high prevalence of null findings led to Keeley & Fox (42)
to surmise that although there is no conclusive evidence that exercise enhances academic achievement,
there is also no evidence of negative effects and thus further research is required. Interestingly, a recent
study suggests that whilst chronic exercise training per se had no effect on academic achievement in
15-17 year old boys, enhanced physical fitness (achieved by greater levels of exercise training) was
correlated with higher academic achievement (40). A further study has also demonstrated that high fit
and normal weight students (12-14 year old boys and girls) had a greater chance of being high academic
achievers when compared to low fit and overweight students (51). However, these were both cross-

sectional studies and thus the causal nature of the relationship could not be established.

In addition to the above studies examining the effects of chronic exercise on academic achievement, a
number of studies have examined the effects on cognitive function directly through a range of cognitive
function tests. Ruiz et al. (50) documented a positive association between participation in sports during
leisure time and cognitive performance (using the SRA-Test of Educational Ability) in 13-18 year old
boys and girls, but failed to demonstrate an association between time devoted to study, television
viewing or playing video games with cognition. More specifically, an association between moderate-
vigorous physical activity and attention (using the d2 test) has been demonstrated in 12-17 year old
boys and girls, with a threshold of > 41 min-d! moderate intensity physical activity and > 12 min-d*

vigorous intensity physical activity suggested as the threshold for improvements in attentional capacity



(60). However, both of these studies are cross-sectional in nature and thus could not demonstrate

causation between exercise and cognitive performance in young people.

To address this, a limited number of studies have implemented exercise interventions and examined the
effects on cognitive performance in young people. For example, a 9-month afterschool program focused
on improving aerobic fitness enhanced cognitive flexibility, inhibition and executive control (measures
of executive function, using modified Stroop and Flanker tasks) in 7-9 year old boys and girls (37). In
a similar population of boys and girls aged 7 to 9, Castelli et al. (14) have also demonstrated that high-
intensity activity may confer additional benefits over moderate intensity activity for attention and
executive function (as assessed using the Stroop test). However, no studies have examined the effects
of chronic high intensity training in an adolescent population where there may be particular benefit

given the decline in physical activity seen during adolescence (34).

Given that team games are an attractive model of high-intensity intermittent exercise for young people
(as previously discussed), the effects of games-based interventions on cognition are of great importance.
The competitive nature of games could be important, given that a 10-week competitive computer
gaming intervention has been shown to enhance executive functions in adolescents to a greater extent
than a cooperative gaming intervention (55). Furthermore, Fox et al. (31) have demonstrated an
association between sports team participation and academic achievement. However, this was again a
cross-sectional study and there is the potential for a number of confounding variables to have affected
the study outcomes. Interestingly, in a 6 month intervention study designed to challenge children both
cognitively and physically using open skill development, findings demonstrated enhanced executive
function in 9-10 year old boys and girls, but that this effect was more pronounced in children classed
as overweight (22). However, this is the only study in this area to date and thus warrants further

investigation, particularly regarding the effects og exercise interventions in overweight young people.

Overall, the evidence reviewed above suggests that, in addition to the acute benefits discussed earlier,
there are also chronic beneficial effects of exercise on cognitive function and academic achievement in

young people. However, despite suggestions in the literature that interventions based around high-



intensity intermittent exercise would be beneficial for cognition and academic achievement, no studies

have specifically addressed this, particularly in an adolescent population.

4. Conclusions and Recommendations for Future Research

The evidence reviewed here suggests that high intensity intermittent exercise is highly beneficial for
cardio-metabolic health in young people, as evidenced by beneficial effects on a number of risk factors,
including weight regulation, endothelial function and postprandial lipemia. However, the effect of high
intensity intermittent exercise on risk factors such as blood pressure, blood lipid profile and pro- and
anti-inflammatory cytokines remains either inconclusive or unexplored. Therefore, further research is
required in this area to further our understanding. The evidence reviewed here also suggests that high
intensity intermittent exercise has both acute and chronic benefits on cognitive function and academic
achievement. However, further research is required to elucidate the effects across the various domains
of cognitive function and to examine how long the beneficial effects of high intensity intermittent

exercise persist for.

In the areas of both cardio-metabolic health and cognitive function, more intervention-based studies are
required. As discussed, intervention-based studies face several challenges and are difficult to conduct,
but the authors feel that schools provide an ideal intervention target as interventions would be accessible
by large numbers of children and multiple intervention settings can be used (e.g. classroom-based,
recess time and extra-curricular). A further consideration is the ‘control’ condition used in both acute
and chronic studies, with the literature to date using a mixture of resting and endurance-type activities
as the control condition to compare to high intensity intermittent exercise. In addition, further research
is required in adolescents and girls, as most studies to date have examined younger children (<11 years
old) and boys. Furthermore studies should further examine the suggestion in the literature that exercise

has particular benefits in young people classed as overweight/lower fit.

Overall, the evidence is encouraging that high intensity intermittent exercise has beneficial effects on

both cardio-metabolic heath and cognitive function/academic achievement in young people, when



implemented safely, at a tolerable intensity and in an enjoyable environment. The authors recommend
that this area be explored further, particularly regarding the use of games-based activities as an attractive

exercise model to implement high intensity intermittent exercise based interventions in young people.
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