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Abstract. Self-control has been defined as the mental capacity of an individual to alter, modify, change or override their
impulses, desires, and habitual responses. In this review, we will discuss the bi-directional nature of the relationship between
self-control and exercise. In brief, higher levels of trait self-control have been associated with greater exercise performance and
adherence; whilst the depletion of state self-control has been shown to decrease performance and persistence on subsequent
exercise tasks requiring self-control. In the opposite direction, long-term participation in exercise (and improved physical
fitness) has been demonstrated to enhance self-control. Furthermore, an acute bout of exercise has been shown to enhance
subsequent self-control, particularly when the exercise is of a moderate intensity and requires some degree of cognitive
engagement. Throughout, when discussing each of these relationships, evidence will be drawn from other aspects of the review,
where appropriate, to enhance our understanding of the observed effects. Finally, recommendations for future research will
be made; including the importance of considering the bi-directional nature of the relationship, given that this has implications
for our understanding of both self-control and exercise performance and adherence.

Keywords: Executive function, self-regulation, physical performance, ego depletion, strength model of self-control, shifting
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INTRODUCTION dominant behavioral responses to stimuli, in order to
select a more appropriate behavior that is consistent
with completing their goals [3]. More specifically,
self-control has been defined as the mental capacity
of an individual to alter, modify, change, or override,
his or her impulses, desires, and habitual responses

[4]. Such conflict is subjectively aversive and can lead

Executive functions refer to cognitive processes
involved in the coordination and control of goal-
directed behavior [1]. Executive function is vital
across several life domains and is critical for aca-
demic performance in young people, workplace

performance in adults, sporting performance, and the
maintenance of an ability to perform the activities of
daily living in older adults [2]. Executive function
consists of three main domains; working memory,
inhibitory control and cognitive flexibility [3]. Thus,
inhibitory control is a key component of executive
function and is defined as an individual’s ability
to inhibit their impulses and natural, habitual, or
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people to inhibit or supress one set of responses and
replace them with the second set [5]. Self-control is
understood to be applied when an individual opts to
inhibit their immediate desires and to replace them
with behavior that aligns with their long-term goals
[6]. For instance, individuals may experience con-
flict between two valued distal goals (e.g., a student
who is trying to lose weight deciding between an
important exam revision tutorial and a gym session)
or two proximal desires (e.g., eat an unhealthy cake
or an alcoholic drink after training), however, it is
only when a proximal desire conflicts with a distal
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goal that the significant cognitive disruption asso-
ciated with self-control occurs [7, 8]. Examples of
this would be suppressing the desired response to eat
cake when one has a long-term goal of weight loss, or
overcoming the desire to relax on the sofa in favour
of following a planned exercise training program to
support a long-term goal of weight loss.

A limitation of work examining self-control (par-
ticularly with respect to exercise), is that there are
limited behavioral tests of self-control and thus a
reliance either on cognitive tasks that target inhibitory
control as a surrogate marker of self-control (e.g.
the Stroop test [9]), or self-report questionnaire
approaches [10]. However, an emerging body of work
has begun to examine the brain regions that are
involvedin self-control. A full review of the underpin-
ning neuroscience of self-control is beyond the scope
of this present review (the interested reader should
refer to Heatherton & Wagner [11] for a more detailed
overview). However, in brief, successful self-control
is reliant upon the pre-frontal cortex exhibiting top-
down control over other subcortical areas, such as
those involved in emotion and reward [11], with much
of this work being based upon studies examining the
control of addictive behaviors [12] and prejudice [13].
To date, such work has not been conducted in an
exercise setting.

In recent years there has been increased interest
in the relationship between exercise and self-control,
with researchers from a social psychology setting
primarily investigating the effects of self-control
on exercise adherence and performance [14, 15],
whilst researchers from a cognitive psychology and
sport science perspective investigating the effects of
exercise on self-control, as a component of execu-
tive function [e.g. 16]. It has been commented that
these related areas of enquiry have rarely overlapped,
whilst there is huge potential for each discipline to
learn from the other [17]. The purpose of this brief
review is therefore to discuss the bi-directional nature
of the relationship between self-control and exercise,
and to provide recommendations for future research
to integrate these concepts.

THE EFFECT OF SELF-CONTROL ON
EXERCISE

Trait self-control and exercise

Dispositional (trait) self-control has been defined
as the general capacity to alter one’s responses to
achieve a desired state or outcome that otherwise

would not arise naturally [18, 19]. In general, the
ability to control oneself is considered a particularly
stable individual characteristic that is related to a
vast number of behaviors [10]. Individuals with high
self-control are better able to control their thoughts,
regulate their emotions, and inhibit their impulses,
compared to people with low self-control [20]. They
also enjoy better psychological wellbeing, experience
higher levels of achievement and performance, and
better interpersonal relationships [10, 21, 22]. High
self-control is relevant to nearly all forms of behavior
that contribute to a successful and healthy life; there-
fore, it has become a pertinent concept in numerous
areas of psychological research [20].

The empirical evidence discussed above supports a
positive association between self-control and a wide
range of behaviors, which has also been applied
to exercise performance and adherence [23-25].
For instance, anticipating and developing plans to
overcome exercise barriers [26], generating exercise
plans and schedules [27], and managing exercise
related pain and discomfort are essential determi-
nants of exercise adherence. Individuals with high
self-control are more likely to exhibit these behaviors
and, accordingly, are more likely to adhere to exercise
programmes than those with low self-control [14].
Participants with high levels of self-control spent
more time exercising and lost more weight (after con-
trolling for baseline differences) during a 12-week
weight loss programme [28]. Furthermore, those
individuals who lack self-control may make inappro-
priate decisions whilst making choices regarding the
achievement of their goals in stressful situations [29].
For instance, being busy at work and lack of time can
become an obstacle to maintaining a physically active
lifestyle and may challenge an exerciser’s ability
to self-regulate their exercise behaviors. Therefore,
self-control is important to ensure consistent exer-
cise participation to achieve the goals established by
the individual in stressful situations [30]. Ultimately,
self-control appears to be an important factor for exer-
cise participation and adherence [31-33].

State self-control and exercise

In addition to the trait perspective on self-control,
a more recent approach has emphasised that exert-
ing self-control on one task, impairs performance
on subsequent, ostensibly unrelated tasks requiring
self-control [22]. This idea forms the basis of the
strength model of self-control [34]. According to this
theory, performance on tasks requiring self-control
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draws energy from a general resource [35, 36]. This
resource is limited and is consumed by use; there-
fore, it is vulnerable to becoming depleted over
time [35]. Accordingly, after initial acts of effort-
ful control, an individual’s capacity to exert further
self-control becomes exhausted, leading to decreased
performance on subsequent acts of self-control [22].
The state of self-control resource depletion has been
termed ‘ego depletion’ [35]. Typically, evidence for
the ego-depletion effect has employed a sequential-
task paradigm [34]. In these studies, participants are
randomly assigned to an experimental (self-control)
condition whereby both tasks require self-control, or
a control (non-self-control) condition, whereby only
the second task requires self-control while the first
task does not require any, or very little, self-control
[35]. A meta-analysis of 198 studies reported that, in
the condition where self-control is depleted during
the first task (compared to no or limited self-control
depletion), self-control is reduced during the second
task [22].

Despite popularity and support for strength model,
it has received some major challenges. A multi-lab
replication failed to evidence the hypothesized reduc-
tion in self-control [37], which has led to plentiful
commentaries, analyses, and debates [e.g., 38—40],
suggesting that it may be too early to conclude
whether the effect is an experimental or statistical
artefact [39]. Furthermore, the identification of the
resource that is depleted remains elusive. Glucose
has been suggested as the candidate resource; ini-
tial studies reported that performing a task requiring
self-control led to a reduction in blood glucose con-
centration, resulting in performance decrements on
subsequent measures of self-control [41]. In addition,
consuming a glucose drink has been shown to restore
performance during cognitive tasks that require self-
control [41, 42]. However, recent studies have failed
to replicate these effects [43—45]. For instance, in
exercise research, consuming a glucose-based drink
did not moderate the effects of self-control depletion
on subsequent endurance performance [15]. When
combined with other lines of criticism [e.g., 46], it
seems unlikely that glucose is the central resource
that underlies self-control.

Given the challenges associated with the popu-
lar resource model, alternative explanations as to
why self-control is reduced following prior exertion
have been suggested. An alternative perspective is
the shifting priorities model of self-control, which
is centred on motivational and attentional processes
[6, 47]. According to this model, a subjective ‘val-

uation’ process leads to decrements in self-control,
whereby alterations to distal and proximal choice
evaluations occur [48]. That is, following the use
of self-control, the value of exerting further self-
control diminishes, while the value of giving in to
the tempting impulse increases [49]. Ultimately, self-
control represents a decision to apply effort to resist
a tempting goal in favour of a distal goal [6]. This
valuation process can be influenced by a number of
motivational inputs. For instance, proximal choices
are usually more immediately satisfying and enjoy-
able, compared to distal goals [6, 50]. However, distal
goals that are autonomous (i.e., freely chosen and of
personal meaning) [51] are less likely to be affected
by proximal temptations [52], are perceived as being
easier to pursue [53], and are less fatiguing [54], com-
pared to non-concordant goals. In the contexts of
exercise performance, motivational inputs that may
influence the valuation process include physiological
sensations of discomfort and the exercise environ-
ment (e.g., number of people in the gym).

Irrespective of the different explanations, consider-
able evidence exists that performance on subsequent
exercise tasks is reduced following an initial task
requiring self-control. For example, recreationally
active participants exposed to a self-control depletion
manipulation generated lower levels of work during a
10 minute cycling task, and planned to exert less effort
during an upcoming exercise bout, compared to con-
trol participants [14]. Furthermore, the completion of
a number of self-control tasks (e.g., supressing emo-
tions during an upsetting movie, counting backwards
from 1000 in multiples of seven whilst holding a spirit
level, completing an incongruent Stroop task) has
resulted in reductions in subsequent performance dur-
ing press-up tasks, cycling performance, persistence
at a wall-sit task, and endurance handgrip perfor-
mance [15, 55-57].

THE EFFECT OF EXERCISE ON
SELF-CONTROL

It is clear from the above that self-control affects
adherence to performing exercise in a chronic setting,
as well as exercise performance and persistence when
it is depleted in the acute setting. The second aspect
of the bi-directional relationship between self-control
and exercise is the effect that performing exercise has
on self-control. As mentioned earlier, self-control, a
key aspect of inhibitory control, is one of three core
aspects of executive function. Given the crucial role
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that executive function has to play in determining
academic performance in young people, workplace
performance in adults, sporting performance, and the
maintenance of an ability to perform the activities of
daily living in older adults [2], it is unsurprising that
it is the one of the most commonly measured cogni-
tive domains in the exercise-cognition literature [16].
This section of the review will focus on both the acute
and chronic effects of exercise on self-control, a key
component of executive function.

Before examining the literature, it is important
to consider how self-control has been assessed in
the exercise-cognition literature. The most common
test used to assess self-control is the Stroop test [9],
and in particular the colour-interference (commonly
referred to as the ‘incongruent’ or ‘complex’ level).
In this instance, a participant must use their self-
control to inhibit the natural response of responding
by selecting the word, but respond by selecting the
colour of the font that the word is written in. For
example, if the word ‘red’ was written in green ink,
the correct response would be green. Evidence from
neuroimaging studies supports that the colour inter-
ference level of the Stroop task requires activation of
the pre-frontal cortex [58], which as discussed earlier
is the key brain region involved in self-control [11]. It
should be noted that when using the Stroop test, both
the response time and accuracy should be recorded
as outcome variables, to ensure that any change in
one outcome cannot be explained by a compensatory
change in the other (i.e. a speed-accuracy trade-
off). Interestingly, the Stroop test is also the most
commonly used method to assess and deplete self-
control in the studies mentioned above, considering
the effect of acute self-control depletion on exercise
performance.

Chronic effect of exercise on self-control

When examining the chronic effects of exercise on
self-control, much of the evidence is cross-sectional
in nature and considers the relationship between
physical fitness (most commonly cardio-respiratory
fitness) and self-control [59-61]. In addition to the
potential for confounding variables to affect the find-
ings in cross-sectional evidence of this nature, the
inferences made in this relationship rely on the
assumption that chronic participation in exercise elic-
its improvements in physical fitness, and thus use
physical fitness as a surrogate marker of chronic par-
ticipation in exercise. Overall, the weight of evidence
suggests that higher levels of physical fitness are asso-

ciated with enhanced self-control in young people
[59], adults [60], and older adults [61].

A higher quality of evidence for a causal relation-
ship between chronic participation in exercise and
self-control comes from intervention studies. There is
evidence that such interventions enhance self-control.
An improvement in self-control, as assessed by the
Stroop test, has been shown in young people follow-
ing 20 min of exercise per day over 8 weeks [62], and
older adults following 3 x 60 min exercise sessions
per week for 3 months [63] and 10 months of aerobic
training [64]. However, in these studies, it is not pos-
sible to isolate the effects of participation in exercise
from the concurrent improvement in physical fitness
that is likely to arise as a result of such participation
in exercise, therefore, the exact mechanisms driving
these effects warrant further investigation.

Acute effect of exercise on self-control

A substantial amount of literature suggests that an
acute bout of exercise enhances self-control, as indi-
cated by improved performance on the Stroop test (for
review see [16]). This effect has been demonstrated
across numerous populations, including young peo-
ple at school [65], adults [66, 67] and older adults [68,
69]. These effects are of interest as enhanced Stroop
test performance (reflecting enhanced self-control
and, more broadly, executive function) is hypoth-
esised to improve academic achievement in young
people, workplace performance in adults, and assist
with ameliorating the age-related decline typically
seen in older adults. However, the exercise-cognition
literature is confounded by a mediating effect of
exercise characteristics on this relationship, such as
the intensity, duration, and modality of exercise per-
formed [70].

Although discrepancies do exist in the literature,
it is generally believed that there is an inverted-U
relationship between exercise intensity and the cog-
nitive benefits that are gained. For instance, moderate
intensity exercise provides the greatest benefit,
whereas low intensity exercise does not elicit a
sufficient stimulus to have an effect, and high inten-
sity exercise may be too exhausting. Meta-analytical
approaches to reviewing the literature confirm this
trend [16, 71]. Another important factor to consider
however is the time course of the acute effects of exer-
cise on state self-control and how this may interact
with exercise intensity. For example, some evi-
dence suggests that moderate intensity exercise may
enhance self-control immediately following exercise,
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whilst the effects of higher intensity exercise are more
delayed, with effects seen up to 1-hour post-exercise
[16]. These effects may be explained by the strength
model of self-control [34]. For instance, vigorous
intensity exercise may use more of the limited cen-
tral resource. This is because individuals may have
to control their cognitive, emotional, and motor pro-
cesses, as well as their behavioral tendencies [72].
Moreover, individuals may be required to ‘dig deep’
and resist feelings of pain and discomfort during high
intensity exercise. As a result, individuals may have
a reduced self-control capacity immediately follow-
ing high intensity exercise, resulting in deteriorations
in performance on the Stroop test. An alternative
explanation can also be made using the shifting prior-
ities model [47], whereby vigorous intensity exercise
results in a shifting of attention to the proximal goal
(e.g. to complete the Stroop task as quickly as pos-
sible due to feelings of exercise-induced fatigue),
relative to the distal goal (e.g. optimal performance on
the Stroop task), resulting in more errors on the cog-
nitive task. However, studies directly comparing the
effect of different exercise intensities on self-control,
the time course of these effects and the mediating
mechanisms, are lacking in the literature and this area
warrants further investigation.

In addition to the intensity of exercise, it is also
important to consider the modality of exercise. Much
of the work to date examining the effect of differ-
ent exercise modalities has been conducted in young
people, with the work in adult populations generally
focussing on prolonged, moderate intensity exer-
cise. It has been suggested that cognitively engaging
exercise may be particularly beneficial in adoles-
cent populations [65, 73], an effect not observed in
younger children [74]. This could again be explained
by the strength model of self-control [34], in that as
young people age their cognitive abilities develop
and subsequently, so does the size of their ‘limited
resource’; thus adolescents can cope with combined
physical and cognitive exertion, whereas this is too
challenging for younger children and hence deleteri-
ous effects are observed.

An interesting potential avenue for future research
is to examine how the acute effects of a single
bout of exercise on self-control may be affected by
habitual physical activity levels (and physical fit-
ness). Some preliminary evidence suggests that an
acute bout of exercise may be particularly beneficial
for self-control in higher fit adolescents when com-
pared to their lower fit counterparts [65]. Using the
aforementioned strength model [34] to explain these

effects, it is possible that lower fit adolescents have a
smaller ‘resource’ to draw upon (as discussed above,
where higher physical fitness was demonstrated to
enhance self-control). In games-based activity, the
lower fit adolescents will also be working at a higher
relative exercise intensity than their higher fit coun-
terparts, thus depleting their self-control resources to
a greater extent. However, evidence in this area is
newly emerging and certainly warrants further inves-
tigation.

To conclude, overall an acute bout of exercise has
been demonstrated to have a small but positive effect
on self-control, as evidenced by the effect size of 0.25
for the Stroop test interference effect in the meta-
analysis of Chang et al. [16]. However, important
mediators in this relationship, such as the partici-
pant (e.g., age, cognitive development, fitness) and
exercise (e.g., intensity, duration, modality) charac-
teristics must be considered.

CONCLUSION

We have presented evidence of the bi-directional
nature of the relationship between self-control and
exercise. As has been demonstrated in each section
of this review, research to date has typically consid-
ered only one aspect of this relationship. However,
we feel that each of these relationships should be
viewed with respect to each other; given that each
of these have implications for both self-control and
exercise performance and adherence. In addition, this
review has discussed two key theoretical models (the
strength model of self-control and the shifting pri-
orities model) that have been proposed to explain
why the exertion of self-control reduces subsequent
exercise performance and persistence. We have also
suggested that these proposed models can be applied
to help explain the effect of exercise on subsequent
self-control.

The bi-directional nature of the relationship
between self-control and exercise gives rise to a num-
ber of potential research questions, which could be
incorporated in to future work in this area. These
include, but are by no means limited to, the following:

e We have demonstrated that an acute bout of
exercise elicits a beneficial effect on subsequent
self-control post-exercise. However, does this
acute improvement also lead to an improvement
in trait self-control?

e We have also demonstrated that the depletion
of self-control negatively impacts upon exercise



102

R. Boat and S.B. Cooper / Self-Control and Exercise

performance and persistence in subsequent tasks
requiring self-control. Given the bi-directional
nature of the relationship that we have con-
sidered, can we use this knowledge to further
examine the mechanisms responsible for medi-
ating the effects of self-control depletion on
exercise performance and persistence, which are
currently poorly understood?

Does an individual’s baseline level of self-
control influence the effect of subsequent bouts
of exercise? For example, does an individual
with greater trait self-control see a greater or
lesser improvement in state self-control follow-
ing moderate intensity exercise; and does an
individual’s baseline level of self-control impact
upon the exercise performance decrements seen
following acute self-control depletion?

Is trait or state self-control more important for
exercise adherence? i.e. is trait self-control a
key determinant of adherence to an exercise
programme; or is it state self-control in each
individual setting which determines whether an
individual undertakes an exercise training ses-
sion; or a combination of both?
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