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Abstract

Exercise dependence (ED) is characterised by an obsessive and unhealthy

preoccupation with exercise. Previous research has focused largely on identifying
behavioural aspects of ED, although the biological mechanisms remain unknown
and are under researched. We review various ED hypotheses including affect
regulation, anorexia analogue, sympathetic arousal and B-endorphin. We also
present a novel hypothesis pertaining to ED and interleukin (IL)-6, which com-
bines previous hypotheses with literature from the field of psycho-neuroimmu-
nology. We explore the notion that IL-6 provides a link from the periphery to the
brain, which may mediate the underlying features of ED. We propose a conceptual
model indicating that, in individuals prone to ED, exercise results in a transient
reduction in negative affect, but concurrently results in excessive production of
IL-6 and the activation of neuroendocrine pathways, which are associated with
behavioural and psychological disturbances of exercise withdrawal. Our intention
is for this model to serve as a basis for further research in the area of ED, which
may eventually lead to the development of successful treatment strategies. Recent
developments in methods to reliably assess these biological markers from blood
and saliva samples should encourage such research to be undertaken in exercise

settings.

Conceptually, dependence or addiction to sport
and exercise may be viewed as a process that com-
pels an individual to continue with the activity in
spite of obstacles, such as work, family commit-
ments or medical contraindications. This may result
in both physical and psychological symptoms when
an individual is withdrawn from exercise participa-
tion.' A number of terms have been used to de-
scribe this phenomenon, including ‘addiction’, ‘de-
pendence’, ‘obligatory’, ‘compulsive’, ‘abusive’
and ‘morbid’,? although the present review will
adopt the term ‘exercise dependence’ (ED). As such,
ED has clinical implications that relate to chronic
physical injuries, psychological dysfunction and
disruption of social relationships that may indirectly
impact upon health.®) ED has been characterised as

either primary or secondary.!*! For primary ED, the
physical activity is an end in itself. In contrast, for
secondary ED, which is often evident in populations
with eating disorders, people are extrinsically moti-
vated to exercise in an attempt to control or alter
their body size/shape. Nevertheless, there is disa-
greement as to whether the catagorisation of primary
and secondary ED truly exists,” as there are no
animal models of excessive exercise, unless food
restriction is present (see section 2). Estimates of the
prevalence of ED from a variety of exercising popu-
lations range from 2 to 3%%7 up to 20-30%.3-111
This variation in estimates of prevalence is mainly
due to discrepancies in the identification of primary
and secondary ED and also the wide variety of
psychometric scales!!-6-312-141 that have been devel-
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Table I. Psychometric tools? for the measurement of exercise dependence (ED)

Inventory Structure Test sample (n) Psychometric properties Classification of ED
items sub-scales [exercise concurrent validity internal reliability
characteristics] (4] (o)
Exercise addiction 6 200ex 0.85 0.84 >24
inventory!”
Exercise dependence 14 NR NR NR >3 DSM-IV criteria®
criterial®
Exercise dependence 21 7 1263ex 0.41-0.78 0.78-0.92 >3 DSM-IV criteria®
scale: revised® [>3x/wk]
Exercise beliefs 21 4 126ex 0.67-0.77 0.67-0.89 NR
questionnairel'4 [>3x/wk]
Exercise dependence 29 8 449ex NR 0.52-0.84 2116
questionnairel’3 [>4h/wk]
Running addiction 11 47r 0.75 0.82 NR
scalel'l [4 runs/wk]
Obligatory exercise 20 30r; 30wl; 30sc 0.96 0.96 >50

questionnairel'?

a Measures that have not demonstrated psychometric integrity or have no practical application for present research purposes have

been excluded.
b Based on DSM-IV criteria for substance dependence.

DSM-IV = diagnostic and statistical manual of mental disorder IV; ex =

wl = weight lifters.

exercisers; NR = not reported; r = runners; sc = sedentary controls;

oped to quantify ED (see table I). Nevertheless,
there is strong evidence for the existence of ED
despite ongoing debate regarding whether or not it
warrants recognition as a clinical disorder in its own
right. Specific diagnostic criteria include impaired
functioning (e.g. psychological, social, physical,
behavioural), exercise withdrawal symptoms and
the presence of an eating disorder in the case of
secondary ED.I"S! Further associated features may
include tolerance (manifested as a progressive in-
crease in exercise volume or daily stereotyped exer-
cise that is not necessarily of high volume), solitary
exercising and lying about exercising."”!

Whilst previous research in ED has focused on
the development of valid tools for the assessment of
ED and identifying the psychopathological charac-
teristics (a summary of the literature is provided in
recent reviews>!3l), the underlying mechanisms
have received little attention and remain largely
unknown. Therefore, although health practitioners
may have validated tools and diagnostic criteria to
identify ED, further knowledge regarding the under-
lying biological mechanisms may aid in the treat-
ment of ED. Here, we discuss plausible mechanisms
of ED, focusing particularly on psychobiological
processes.
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1. Affect Regulation Hypothesis

Tomkins!'®! presented the affect regulation
model, which postulates that running serves as a
“positive affect enhancer” and a “negative affect
reducer.” Tomkins identified the following two
types of runners: (i) the “negative runner” who runs
to reduce their distress; and (ii) the “positive runner”
who runs to increase their positive feeling. It was
proposed that the development of compulsive run-
ning occurred when running became an end rather
than a means to an end. This notion is, of course, in
contrast with the view of positive psychologists who
contend that optimal experiential states occur when
running becomes an end in itself or an “autotelic
experience.”'”l Nonetheless, Tomkins argued that
abstinence from running increased negative affect
(e.g. depressed mood, anxiety), which could only be
reduced by exercise.

Research to support the affect regulation hypoth-
esis is provided by studies that have examined indi-
vidual motivation to participate in exercise!'®!?! and
also psychological responses to acute exercise.['>-20]
Johnsguard!'®! identified anxiety and depression re-
duction as one of the primary running motives in a
group of older, habitual runners. Similarly, An-
shel" demonstrated that stress reduction was one
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of the main motives for exercise in a sample of 30
addicted exercisers, in contrast to 30 normal exercis-
ers who exercised for health, well-being and social
enjoyment. Anshel!”) also reported that ED individ-
uals were more restless and stressed prior to exer-
cise, but experienced a higher degree of post-exer-
cise affect that was assessed by measuring levels of
happiness and mental stress. Moreover, the addicted
exercisers felt far more depressed, anxious and an-
gry after missing a workout. Similar findings, in
relation to the effects of acute exercise on the allevi-
ation of negative affect, were recently reported™!
with a longer lasting reduction ‘profile of mood
states’ tension-anxiety scores among ED individuals
following a maximal exercise test, when compared
with non-ED individuals.

Our recent work examining the motives for exer-
cise participation as predictors of ED suggested that
the strongest predictor variable of ED was intro-
jected regulation (a non self-determined form of
extrinsic motivation), which does not support the
tenets of the affect regulation model.?'" However,
our findings may have been confounded by the fact
that we did not differentiate between primary and
secondary ED because introjected regulation is
closely comparable with the type of behaviour de-
scribed in the anorexia analogue hypothesis.??!

Additional evidence to support the affect regula-
tion model is offered by studies of exercise depriva-
tion among habitual exercisers.?3?"! For example,
when unable to run, habitual runners have been
observed to suffer withdrawal symptoms, including
anxiety, irritability,?*20) guilt,?®) depression,?+27)
fatigue and pain-like symptoms.?8] Thaxton®! also
reported increased galvanic skin resistance re-
sponses among habitual runners following 1 day of
abstinence. In more recent studies, a controlled ex-
perimental design has been applied to examine the
incidence of withdrawal symptoms following cessa-
tion from exercise. Morris et al.”! observed com-
paratively greater somatic symptoms, insomnia, in-
creased depression and anxiety among habitual run-
ners who were deprived of exercise. In another
deprivation study,”! fatigue and somatic depressive
symptoms emerged 1 week after exercise withdraw-
al and subsequently predicted the development of
cognitive-affective depressive symptoms at 2
weeks. This study also demonstrated that increased
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fatigue during exercise withdrawal was partially
mediated by reduced levels of fitness.[”

Mondin et al.!?3 performed a similar study but
attempted to address some of the limitations that had
blighted previous work by requiring participants to
withdraw from exercise on a voluntary basis rather
than offering remuneration or through cessation
caused by injury, which may introduce additional
confounds. Following a 3-day exercise deprivation
period, participants demonstrated significant in-
creases in total mood disturbance, anxiety, tension,
depression and confusion. Collectively, these stud-
ies demonstrate that habitual exercisers experience
mood disturbances on withdrawal from exercise,
although, to date, little attention has been given to
the biological processes that underlie such distur-
bances. A particular weakness in previous work has
been the excessive focus on samples of habitual
runners without objective measures of ED; it is
likely that exercise deprivation sensations may be
experienced by both non-dependent and dependent
exercisers, with the former group experiencing less
profound effects.

2. Anorexia Analogue Hypothesis

Yates et al.??! proposed that compulsive running
is a male analogue of anorexia nervosa. A compari-
son of 60 male obligatory runners with patients
suffering from anorexia nervosa indicated that both
groups exhibited similar personality profiles, such
as inhibition of anger, extraordinarily high self-
expectations, tolerance of physical discomfort, deni-
al of potentially serious debility and a tendency
towards depression.[?”) Women are likely to attempt
a resolution of identity issues through an overem-
phasis on physical attractiveness and dieting in order
to achieve their perceived image. Men with an un-
certain identity and low self-esteem may experience
exaggerated anxiety about physical ineffectiveness
and thus demonstrate a fanatic devotion to physical
prowess. However, this hypothesis has received lim-
ited support®*-3* and a number of studies have dis-
puted the findings.!*3¢! Data showing that obligato-
ry runners displayed higher levels of perfectionism
and trait anxiety in comparison with non-obligatory
runners provided partial support, although the two
groups displayed no significant differences for sense
of identity and trait anger.? Others have suggested
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ED is widely reported to coexist with eating disor-
ders.’3 Indeed, a well established animal model¥
demonstrates that running-wheel activity is induced
when rats are restricted to food once a day. The level
of activity becomes excessive with dramatically re-
duced food intake. Recent animal research®¥ sug-
gests an association between hypothalamic-pituita-
ry-adrenal (HPA) axis activity and food restriction-
induced increases in physical activity, mediated
through body fat levels. This creates a vicious cycle
by reinforcing self-starvation via reward mecha-
nisms, which has relevance in relation to human
anorexia. However, in humans no evidence of psy-
chopathology was reported in a sample of obligatory
runners compared with anorexic patients, using the
Minnesota Multiphasic Personality Inventory.[>!
Furthermore, it was acknowledged that previously
reported case studies??! were, in fact, factitious and
that there were no objective data to support these
assertions. In addition, no significant evidence of
anorexia nervosa was demonstrated comparing ha-
bitual runners with controls using the Jackson Per-
sonality Inventory and the Eating Attitudes Ques-
tionnaire. 36!

3. Sympathetic Arousal Hypothesis

Thompson and Blanton*” suggested that repeat-
ed exercise is maintained by hormonal changes re-
sulting from exercise training. Evidence suggests
that there is a decreased sympathetic nervous system
output (catecholamines) as a result of exercise train-
ing.38 While this adaptation results in an increased
efficiency of energy utilisation, the decreased output
results in lethargy, fatigue and decreased arousal.
Therefore, the habitually exercising individual is
motivated to engage in increasing levels of exercise
in order to achieve the same level of arousal, thus
demonstrating a habituation effect commonly ob-
served in ED. There has been little work to substan-
tiate this hypothesis, although a recent study!?®! re-
ported that individuals who develop symptoms of
pain, fatigue and mood changes following 1 week of
exercise deprivation have lower baseline (prior to
exercise withdrawal) measures of HPA axis, im-
mune and autonomic function. This would indeed
support the notion that a subset of individuals who
have hypoactive function of biological stress re-
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sponse systems exercise regularly to maintain arous-
al and suppress symptoms.

4. 3-Endorphin Hypothesis

Dopamine and opioid networks form part of the
neurocircuitry reward system in the brain and are
thought to be responsible for a host of addictive
behaviours in humans."*! Aerobic exercise is known
to stimulate the release of B-endorphin and other
endogenous opioid peptides that appear to exert
analgesic effects™! and may also produce addictive
behaviours. In a recent animal study,'*!! chronic
exercise was shown to lead to opioid tolerance and
physical dependence, suggesting that regular exer-
cise reduces the sensitivity to opioids thereby requir-
ing higher doses of exercise to achieve the same
effects. However, in the only study that has ex-
amined the relationship between B-endorphin re-
sponses to exercise and ED in humans, the authors
failed to find any association.!*?! Nevertheless, this
was a vastly underpowered cross-sectional study of
eight female participants who all appeared to
demonstrate ED scores in the normal range, albeit
using a poorly validated measure of ED. Therefore,
further studies are needed in humans, using larger
samples and employing more sophisticated method-
ological designs, such as the use of opioid antago-
nists. A final point relates to the finding that ED may
be apparent in individuals performing low volume
exercise, which refutes the concept of habituation
whereby individuals must continually increase exer-
cise volume to maintain satisfaction.

5. Cytokine Hypothesis

5.1 Cytokines, Exercise and Behaviour

Until recently, little attention has been given to
the pathway from the periphery of the body to the
brain. Cytokines have been proposed as “immuno-
transmitters” that act as messengers between the
immune system and the brain."3-*3] Current knowl-
edge indicates that cytokine signals modulate com-
plex human central nervous system functions (in-
cluding serotonergic, noradrenergic and HPA axis
systems), which promote changes in brain neuronal
activity and hence influence behaviour. Numerous
findings corroborate the hypothesis that non-specif-
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ic immune activation and cytokines are involved in
the etiology or symptomology of major depres-
sion.[**4 The infusion of interleukin (IL)-6 in
humans has also been shown to result in changes in
mood and behaviour. For example, in healthy
human participants, infusion of recombinant IL-6,
which induces increases in plasma IL-6 concentra-
tions comparable with those observed after infec-
tion, resulted in increased fatigue, poorer concentra-
tion and altered sleep architecture.[*”! Also, signifi-
cant increases in anxiety and depressed mood state
were demonstrated in 20 healthy volunteers after
injection of an endotoxin that induced increases in
IL-6 and cortisol.*®! Furthermore, IL-6 increases
following infection with influenza were correlated
with psychological stress.*) These profound
behavioural disturbances, known as ‘sickness beha-
viour’ are comparable with the symptoms that are
associated with exercise withdrawal in ED.

Exercise is known to have a profound influence
on cytokines. The cytokine response to exercise is
unique, in that the classic pro-inflammatory
cytokines (tumor necrosis factor [TNF]-o and
IL-1PB) do not, in general, increase with exercise, but
typically IL-6 is the first cytokine present in the
circulation. IL-6 has been classified as both a pro-
and an anti-inflammatory cytokine,"*” although in
the case of exercise, recent data suggest that IL-6 is
anti-inflammatory.’!! Increases in circulating IL-6
are consistently observed after exercise without
muscle damage.! Tt has been suggested that exer-
cise-induced IL-6 release causes an anti-inflam-
matory environment by promoting IL-1 receptor
antagonist and IL-10 synthesis, but inhibiting TNF-
o release.’? This mechanism may explain why low-
er baseline levels of inflammatory markers, such as
C-reactive protein and TNF-q, are found in individ-
uals who are most physically activel®*3 and why
chronic exercise training interventions also result in
reduced circulating concentrations of these mark-
ers.%3% Given the impact of exercise on IL-6 re-
lease and the concurrent effect of IL-6 on complex
brain function, it is reasonable to speculate that the
underlying features of ED may, in part, be mediated
by this cytokine. Excessive production and/or intol-
erance of IL-6 during exercise have also been impli-
cated as a possible mechanism prompting the over-
training syndrome in athletes.’’”) Overtraining
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syndrome, defined as a persistent decrement in ath-
letic performance capacity despite 2 weeks relative
rest, %0 differs markedly from the definition of ED.
However, over-trained athletes and ED individuals
who are withdrawn from exercise both display simi-
lar symptoms that are reminiscent of sickness beha-
viour. Thus, we hypothesise that IL.-6 may also be an
underlying mechanism of ED.

5.2 Exercise Dependence and
Interleukin-6 Model

Figure 1 illustrates the proposed role of IL-6 in
ED. Acute and chronic exercise have been associat-
ed with a reduction in negative affect that may be
due to a number of physiological (e.g. catecho-
lamines, endorphins, visceral feedback, hyperther-
mic change) and psychological (e.g. mastery, self-
confidence, exercise environment, self-esteem, so-
cial support, stress management) mechanisms.!*! In
the proposed conceptual model, an initial trigger
may cause an over production of IL-6 and promote
cytokine-induced sickness behaviour with the asso-
ciated increases in negative affect. This trigger may
be caused by a number of factors, including an
inability to cope with an excessive exercise load,?!
an episode of acute psychological stress®¥ or an

I negative affect
and T arousal

Physiological/
psychological
mechanisms

Exercise
dependence

Over production
of IL-6 and cortisol

—

Acute IL-6 trigger:
« T exercise load/

Acute
exercise

4 V\

* Hypoactive function
of HPA, immune and

Sickness
behaviour

autonomic systems low glycogen
» Restricted eating * Psychosocial
factors
e Infection
* Genetics

Fig. 1. A conceptual model for the psychobiological mechanisms of
exercise dependence. HPA = hypothalamic-pituitary-adrenal axis;
IL-6 = interleukin 6; T indicates increase; | indicates decrease.
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acute infection. Given that low muscle glycogen
concentration has been shown to further enhance IL-
6 production during exercise/®*% and ED is widely
reported to coexist with eating disorders,*#33 the
combination of exercise and restricted eating may
also be a key trigger and re-enforce the over produc-
tion of exercise-induced IL-6. Infusion of recombi-
nant IL-6, which induces increases in IL-6 levels
corresponding to the levels obtained during strenu-
ous exercise, also results in production of cor-
tisol.’?! Given that cortisol levels appear to play a
potentially important role in other addictions, such
as being associated with cravings for alcohol during
withdrawal and the prediction of relapse in al-
coholics,®! cortisol responses to, and recovery
from, exercise may also play an important role in
ED. Indeed, lower HPA axis function at baseline
was also predictive of exercise withdrawal symp-
toms of pain, fatigue and mood disturbances in
healthy exercisers.[?8!

Interestingly, despite strong links between IL-6
and depressed mood, ED only affects a relatively
small proportion of individuals who engage in habit-
ual exercise. This may be due to the fact that endur-
ance-trained individuals develop adaptive mecha-
nisms that may protect skeletal muscle and the im-
mune system from the potentially harmful effects of
excessive exercise-induced cortisol production.!®”)
Duclos et al.[7! showed that when compared with
untrained controls, trained individuals demonstrated
acute exercise-induced increases in glucocorticoid
(GC) sensitivity, followed 24 hours later by in-
creases in baseline IL-6 levels and reduced GC
sensitivity that was evidenced by a lower inhibition
of IL-6 production with dexamethasone. Therefore,
the inability to adapt to exercise training and regu-
late the production of cortisol and IL-6 may lead to
the associated psychological and behavioural distur-
bances of ED. Thus, although exercise may alleviate
negative affect, it is, in fact, the exercise that is an
underlying cause of ongoing behavioural distur-
bances in ED, which is mediated by IL-6 pathways.
Expectancy beliefs regarding the effects of exercise
on the affective state of an individual may also play
a central role in re-enforcing the ED cycle; this is
apparent in models of cognitive and social learn-
ing.[08]
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The IL-6 response to stressors may, in part, be
mediated by genetic factors given that there is now
evidence to show an association between IL-6 geno-
type and baseline C-reactive protein.[”) However,
genetic factors did not account for exercise training-
induced changes in C-reactive protein in a recent
study.l’)

6. Future Research and
Potential Confounds

There is an incredible lack of research examining
the hypothesis that biological markers may predict
symptoms of exercise withdrawal®® and play a role
in ED. Future studies should examine whether
cytokine and neuroendocrine responses to stressors,
and deprivation from exercise are associated with
psychological and behavioural disturbances in indi-
viduals meeting criteria for ED. Recent develop-
ments in methods to reliably assess these biological
markers from blood and saliva samples (e.g. using
enzyme-linked immunoassay) should improve the
feasibility of such studies to be undertaken in exer-
cise laboratories. One of the most challenging as-
pects of this research is to accurately identify ED
using universally agreed measures and diagnostic
criteria. Another difficult aspect of this research is
selecting suitable control groups, which have previ-
ously consisted of non-exercisers, non-ED exercis-
ers or individuals with (or without) eating disorders.

A potential confound in the conceptual model is
the amount of psychosocial stress an individual is
exposed to and their susceptibility to the effects of
stress on psychological functioning. For example, it
may be that individuals affected by ED permanently
seek exercise as a relief from negative affect be-
cause they are exposed to a greater amount of stress
in their lives or are less able to cope with stress. This
results in greater behavioural disturbances. Indeed,
psychosocial factors may also contribute to elevated
levels of IL-6 and magnify IL-6 responses to stan-
dard stressors.[®¥ These psychosocial factors should
be explored further in relation to ED.

Another potential confound is the mental state of
individuals upon initiation of an exercise pro-
gramme. Morgan!’! noted that exercise would not
reduce depression in those who do not exhibit sig-
nificant symptoms of depression. This implies that
individuals who exercise in order to relieve negative
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affect may have psychological and behavioural dis-
turbances prior to initiating an exercise programme.
Thus, longitudinal data on the mental state of indi-
viduals who initiate exercise and subsequently be-
come ED are required to explore this phenomenon
further.

7. Conclusions

The cytokine IL-6 is associated with behavioural
and psychological disturbances, and is also pro-
duced during exercise. We have proposed a concep-
tual model in which a trigger for the over production
of IL-6 forms the basis for the development of ED.
A state of chronic IL-6 over production, exacerbated
by continued bouts of exercise in order to gain
transient relief from cytokine-induced symptoms,
may be implicated as an underlying mechanism of
ED. The present model also incorporates previously
proposed concepts that include the anorexia ana-
logue and sympathetic arousal hypotheses. This
should be a focus of future investigation with the
overall goal to develop treatment strategies for ED.
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