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KEY POINTS

� Sports sociologic factors, pressures related to body image and performance, and internal personality constructs including
maladaptive perfectionism may intersect to create a “perfect storm” for athletes that can negatively impact mental health
and performance.

� Conditions, such as body dysmorphic disorder, muscle dysmorphia, eating disorders, and disordered eating, share
several elements that are further influenced by maladaptive perfectionism and result in a dysfunctional relationship with
exercise and negative impacts on health.

� Athletes who present with distorted body image, problematic exercise patterns, and unhealthy eating approaches should
be screened carefully for conditions that can significantly impact the relationship between exercise, eating, and overall
health.

� Conditions, such as body dysmorphic disorder, muscle dysmorphia, eating disorders, and disordered eating, can have
serious medical and psychological consequences.

� Screening tools exist to assist in recognition and monitoring of body dysmorphic disorder, muscle dysmorphia, eating
disorders, and disordered eating.
BACKGROUND
Athletes are at risk for states that may compromise their
ability to approach activities, such as eating and exer-
cise, in a healthy manner. The nature of sports may
contribute to this dynamic, because increased pressure
to win and importance of body weight, shape, and
size are incredibly powerful drivers. Protective factors,
such as objectivity and good judgment, can become
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compromised with the pressures related to appearance,
sport performance, and results, which may increase
vulnerability to conditions that are associated with
diminished cognitive and behavioral control, such as
body dysmorphic disorder (BDD), eating disorders
(ED), and disordered eating (DE). Additional states,
such as perfectionism and problematic exercise (PE;
further categorized into compulsive exercise [CE] and
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exercise addiction [EA]) can impair volitional control
by the athlete over eating and exercise, and negatively
impact the experience of exercise and health of the
athlete.

Individuals often begin their sports journey as
youth, with competitive sports often beginning before
the age of 10. Athletic lifestyles also span the strength,
fitness, and wellness domains, and can also begin in
the adolescent years [1]. This timespan overlaps with
the age of onset of several of these disorders. This
confluence of influences may set the stage for a perfect
storm that can result in significant functional impair-
ment and prolonged symptom burden.

It is important to establish definitions of key con-
cepts, which are further explored next.

Problematic Exercise
PE is a multifaceted and complex dysfunctional pattern
of exercise behavior that implies losing control over ex-
ercise behavior to the point of physical, psychological,
or social impairment [2].

Compulsive exercise
CE refers to cognitive and behavioral rigidity applied to
exercise behavior driven by positive and negative affect
regulation and pursuit of exercise despite lack of enjoy-
ment [3–5]. This rigidity can manifest as inability to
reduce exercise routines, significant distress with exer-
cise interruption, or exercising despite compromised
physical health [6,7].

Exercise addiction
EA refers to driven engagement in exercise despite detri-
mental impacts on personal, social, and professional
life, and regardless of negative health consequences
[8,9]. Affected individuals demonstrate significant diffi-
culty abstaining from exercise and withdrawal symp-
toms including anxiety, impaired sleep, restlessness,
and sexual tension [10–12]. EA demonstrates consis-
tencies with other addictive behaviors, including
mood disturbance, tolerance, relapses, loss of volitional
control over the behavior, and dedicating excessive time
to the behavior [8,13–15].

Although the terms “compulsion” and “addiction”
are often used interchangeably, there are important
differences. Compulsions are experienced as over-
whelming urges to do something; however, comple-
tion of the task does not result in satisfaction. The
urges create a sense of anxiety, and the compulsive
behavior is intended to relieve those distressing feel-
ings [16]. Addictions, conversely, are chronic diseases
that create experiences of pleasure and satisfaction
and remove discomfort from cravings. Individuals
engage in addictive behaviors despite harmful conse-
quences [16].

Body Dysmorphic Disorder
Classified by the American Psychiatric Association Diag-
nostic and Statistical Manual 5th Edition-Text Revision
(DSM-5-TR) [17] among the obsessive-compulsive and
related disorders, BDD is characterized by preoccupa-
tion with one or more perceived defects or flaws in
physical appearance that are not observable or seem
slight to others. These may include looking ugly, unat-
tractive, abnormal, or deformed. It may range in severity
from mild concern about looking unattractive to ex-
tremes of undesirable appearance. Any area of the
body can be the focus of concern, and preoccupations
are intrusive, distressing, difficult to resist or control,
and time-consuming. Repetitive acts (mental and/or
behavioral) are performed in response to the preoccu-
pation but are not pleasurable and may increase anxiety
and negative affect. The appearance preoccupation is
not better explained by concerns with body fat or
weight in an individual whose symptoms meet diag-
nostic criteria for an ED.

Muscle dysmorphia
Classified by the DSM-5-TR as a specifier of BDD, mus-
cle dysmorphia (MD) is characterized by preoccupation
that one’s body is too small or insufficiently lean or
muscular. In addition to this muscular preoccupation,
the affected person can simultaneously have body dys-
morphia that affects other areas of the body. Most
affected individuals are men and adolescent boys who
engage in diets, exercise, or resistance training exces-
sively [17].

Eating Disorders
EAs are disturbances in eating and eating-related behav-
iors that result in altered consumption of food and
impact physical and/or psychological function [17].
Conditions classified according to the DSM-5-TR
Feeding and Eating Disorders include pica, rumination
disorder, avoidant/restrictive food intake disorder,
anorexia nervosa (AN), bulimia nervosa (BN), binge-
eating disorder, other specified feeding or ED, and un-
specified feeding or ED. AN and BN are the specific
EDs further explored in this article.

Disordered eating
DE exists on a continuum between normal eating and
EDs, and may feature several symptoms of Eds, such
as restrictive eating, bingeing, purging, engagement in
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other compensatory behavior, or compulsive, irregular
or rigid approaches to eating [18]. These presentations
do not fulfill DSM-5-TR criteria for feeding or EDs, but
affected individuals may be at higher risk of developing
such disorders [18]. DE can be associated with func-
tional impairment and significant symptom burden.

Maladaptive Perfectionism
Maladaptive perfectionism is rooted in a multidimen-
sional personality construct characterized by amaladap-
tive pattern of behavior that consists of inappropriate
expectations, unattainable goals, and a constant
inability to achieve satisfaction regardless of perfor-
mance [19]. Affected individuals constantly feel like fail-
ures and experience stress and pressure, which leads to
maladaptive coping mechanisms. They engage in exces-
sive self-criticism and self-blame; worry about making
mistakes; and experience impairment in psychological,
physical, social, occupational, and self-care domains
(which can include eating and exercise).

Relative Energy Deficiency in Sport
Relative energy deficiency in sport (RED-S) is a physio-
logic and clinical condition that impacts multiple body
systems and has multifactorial origins. Mental health
symptoms and certain eating and exercise behaviors
are predisposing, precipitating, or perpetuating factors.
RED-S can affect all genders, and many use this term
to conceptualize conditions that were historically
included in female and male athlete triads.

This article illustrates the interconnectedness of the
previously mentioned clinical conditions that athletes
are at risk to develop because of the characteristics of
sport that are related to competition, excellence, ideal
physique, and performance expectations. By under-
standing these relationships, practitioners, health care
providers, and other athlete supports will better recog-
nize, identify, and address challenges before they result
in significant negative impacts on athlete health, well-
being and performance.
CLINICAL RELEVANCE
Exercise Is Medicine
Exercise has been proven to have a therapeutic effect on
many aspects of physical and mental health, with
demonstrated reduction in rates of cardiovascular dis-
ease, various types of cancers, mental health disorders,
and cognitive decline [20,21]. Exercise is Medicine is a
global movement that has provided education and op-
portunities for communities to implement regular
exercise for the purpose of overall health enhancement
[22]. To maintain its positive influence on health, exer-
cise must be incorporated with attendance to balance
with rest, recovery, proper nutrition, and adequate sleep.

When Exercise Becomes Unhealthy
Today’s culture of wellness and fitness often focusses
on leanness, thinness, weight loss, strength, perfor-
mance, body shape, and supplements [23]. The desire
to fit in to the sport culture or achieve certain body
morphologies may lead to extremes in dieting, exer-
cising, and loss of objectivity for healthy decisions.
When these changes happen, individuals may find
themselves without the ability to accurately appraise
healthy exercise and eating behaviors and their own
body morphology. Without proper guidance, the
athlete who strives to become leaner, faster, stronger,
and better at their sport may create unhealthy training
routines that compromise their physical and mental
states. In addition, there is a common saying among
athletes in antigravity, aerodynamic, endurance,
aesthetic, and judged sports that “lighter.is faster/
stronger,.is judged more favorably,. jumps higher.”
Any initial (albeit generally unsustainable) improve-
ment in performance often provides positive reinforce-
ment for this approach, which can perpetuate those
approaches and result in PE, DE, EDs, and RED-S.

Changes in eating and exercise routines were com-
mon during the COVID-19 pandemic, necessitated by
such factors as public health directives for physical
distancing, lockdowns, facilities closures, widespread
switch to remote communication and education, and
other socioeconomic factors. One study explored
how uncertainty in certain domains could potentially
influence maladaptive behaviors in eating and exercise
routines during the pandemic [24]. A series of ques-
tionnaires administered to undergraduate athletes in
2020 identified that COVID-19 anxiety was more
strongly associated with CE and ED pathology for in-
dividuals with low tolerance for uncertainty. These
findings demonstrated that individual factors were
important considerations in determining risk for the
development of ED pathology and CE in the context
of the pandemic and were consistent with the theory
that CE and ED behaviors served to reduce the distress
that was caused by uncertainty.
THE PERFECT STORM
Unhealthy approaches to exercise, which may be influ-
enced by pressures from sport or challenges with perfec-
tionism or body image, can create a “perfect storm” of
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sorts, whereby the drivers for sports participation
become entangled with distorted body image and
perfectionism to create a landscape of rigid, obsessional
approaches to eating and exercise. The complex interplay
of these elements can lead to intractable conditions that
can compromise physical and mental health, and nega-
tively impact the athlete’s relationship with sports and
nutrition. This section further describes each of the
elements that contribute to the perfect storm model
and explores the linkages that bridge eachof the concepts
inmapping themodel. These concepts are listed in Box 1
and explored more extensively next.

Problematic Exercise
PE is defined as a pattern of exercise behavior that re-
sults in functional impairment or compromised health
[2,25]. PE includes loss of control over exercise behavior
such that the individual experiences physical, social, or
psychological harm [26,27]. Subtypes of PE include CE
and EA.

CE and EA are terms that are sometimes used inter-
changeably [28]. Although they both feature engage-
ment in exercise despite negative consequences on
health, the drivers for the behaviors may subtly distin-
guish between the two conditions. Compulsions are
described as repetitive behaviors that an individual feels
driven to perform according to rules that must be
applied rigidly, with the intent of reducing distress or
preventing a feared outcome [17]. Conditions that
share compulsive features are classified by the DSM-5-
TR with the obsessive-compulsive and related disorders
and include obsessive-compulsive disorder and BDD.

Addiction (nonsubstance related) is described as
behavior driven by aspects of tolerance, repeated unsuc-
cessful attempts to cut back or quit, and impairment in
BOX 1
Components of the Perfect Storm Model of
Interconnected Conditions that Are Frequently
Observed in Athletes

Components of the perfect storm model of intercon-
nected conditions in athletes

1. Problematic exercise (including compulsive exercise,
exercise addiction/dependence)

2. The influence of body image (including body dys-
morphic disorder, muscle dysphoria)

3. The role of eating behaviors (disordered eating and/or
eating disorders)

4. The influence of maladaptive perfectionism
normal functioning [17]. For the purposes of this
article, the terms addiction and dependence are used
interchangeably. Neither CE nor EA/dependence are
classified in the DSM-5-TR.

Individuals who engage in CE feel driven to exercise
to prevent negative affect, influence positive affect, and
prevent negative cognitions (which are often related to
loss of fitness, loss of competitive advantage, or potential
for weight gain if exercise ismissed). These cognitive and
affective impacts can be profound and are effectively
measured with the Compulsive Exercise Test. The
Compulsive Exercise Test was developed specifically
for use in ED research and assessment. It is a 24-item
self-report measure designed to assess the core features
of excessive exercise in the EDs, including compulsivity,
affect regulation, weight- and shape-driven exercise,
compensatory exercise, and exercise rigidity (rigid adher-
ence to a strict and repetitive exercise routine) [29]. In
this sense, CE is tied to affect regulation, cognitive rigid-
ity, and weight-based exercise behavior.

Individuals who experience EA describe cravings for
physical training, which result in uncontrollable exces-
sive exercise behavior that may lead to harmful conse-
quences, such as injuries and impaired social relations
[28]. Aligned with other behavioral addictions, affected
individuals experience tolerance to exercise, whereby
they need more volume or higher intensity to feel satis-
fied. The need to engage in excessive exercise results in
functional and relationship impairment, and attempts
to modify their behavior are met with challenging cog-
nitions (including consuming thoughts about exercise
and temptation to exercise) and cognitive and physical
discomfort related to not exercising. EA is assessed with
the Exercise Addiction Inventory, which explores the six
general components of addiction (salience, tolerance,
mood modification, withdrawal symptoms, social con-
flict, and relapse) [30,31].

One study demonstrated support for the well-
established relationship between perfectionism and
EDs, because clinical perfectionism predicted eating pa-
thology directly and indirectly as mediated by CE [32].
CE may be a symptom of eating pathology, rather than
an antecedent [32]. Exercise engagement may increase
before and during EDs [33] and may be used as a
method of weight and shape control [34].

The Influence of Body Image
The culture of sport, with often rigid expectations, inten-
sive scheduling, early sport specialization, weight-related
beliefs, and family influences can create the milieu for
developmental compromises that is expressed through
psychiatric conditions, such as body image distortions
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[35].Additionally, given thenatureof the cultureof sport,
with a focus on ultra fitness and performance, athletes
often present with little insight into the perceptual distor-
tions [36].

Several studies have explored the influence of social
media on body image and ED behaviors. Studies in
athlete and nonathlete populations indicated that
higher exposure to social media negatively impacted
the individual, with an observed increase in DE patterns,
increase in body dissatisfaction, and increase in general
mental health symptoms [37,38]. The onset of these
symptoms in early adolescence can profoundly affect
the social and emotional development in the affected in-
dividuals. Clinically this can easily be overlooked or dis-
missed as part of the sensitivity of the age and/or
normative in termsof the culture of the sporting environ-
ment [38,39]. Additionally, the reinforcement resulting
from external praise and the gender norms for particular
sports can create a culture of acceptance for particular
body types under the pressure to perform. Going to
extrememeasures to reach these elite goals canbe viewed
as culturally normative within the sport [38].

Grouped in the DSM-5-TR with the obsessive-
compulsive and related disorders, BDD is characterized
by preoccupation with one or more body parts in which
there is a perceived flaw or defect in physical appearance
that is not (or minimally) apparent to others, and repet-
itive behaviors or mental acts are performed in response
to the appearance concerns. Compulsive acts include
mirror checking, excessive grooming, and reassurance
seeking, and affected individuals frequently compare
their appearance to others [17].

BDD in elite athletes is beginning to receive increased
attention, especially in aesthetic sports, such as figure
skating, body building, gymnastics, dance, and artistic
swimming and sports where body shape is perceived to
play a particular role, such as running and swimming.

It is crucial to recognize that the onset of BDD typi-
cally occurs younger than the age of 18, with the symp-
toms beginning to emerge most commonly at puberty,
ages 12 to 13 [39,40]. This is an age when athletes devel-
opmentally need to be exploring their sense of auton-
omy, identity, and self-efficacy.

MD is a subset of BDD, where the affected individual
is preoccupied with their body or physique being under-
sizedor lacking inmusculature. Its distinguishing feature
is the focus on increasing muscle size. Body builders can
experience significant distress related to concerns that
their body is not muscular or lean enough [39]. MD is
often associated with dieting, excessive exercise
(including weight lifting) despite detrimental effects,
and use of anabolic-androgenic steroids and other
substances to increase the muscular appearance of their
bodies [17,41].

Screening for and monitoring BDD is achieved by
using the Appearance Anxiety Inventory [42,43]. The
Appearance Anxiety Inventory is a 10-item self-report
questionnaire that measures the frequency of avoidance
behavior and self-focused attention that characterize a
response to distorted body image. The Muscle Dysmor-
phic Disorder Inventory is a commonly used instru-
ment comprised of three subscales that assess drive for
size, appearance intolerance, and functional impair-
ment [44–46].

The Role of Eating Behaviors
Athletes are at a higher risk of developing an ED or
DE compared with nonathletes, particularly in sports
where low body weight or leanness confer a competitive
advantage [47,48]. This suggests that sport-related con-
siderations are key factors in influencing eating
behavior in athletes. Given the ambiguity between
eating behavior that is adaptive and healthy for sport
versus that which is pathologic, the lack of clear delin-
eation of severity of eating pathology when suffered
by athletes, the shame and secrecy often experienced,
and the consequent distress, the behavior can easily
be overlooked [49]. Binge-eating disorder shares several
common features with BN and BDD [50]. Features com-
mon to problematic eating behaviors and body image
distortions include inaccurate interpretation of body
morphology and anthropometrics with subsequent
changes in eating behavior to achieve an outcome
that typically includes weight loss, avoidance of weight
gain, and changed body morphology. This may include
nutritional restriction or compensatory behaviors, such
as excessive exercise. When the approach to exercise is
rigid, excessive, and considered essential to achieve
desired changes in body morphology despite the phys-
ical or mental cost, it becomes problematic.

A construct that has been found to be relevant to
eating pathology is CE. CE is multidimensional and is
known to incorporate several domains, including exer-
cise to regulate emotions, weight- and shape-driven ex-
ercise, and exercise rigidity [5,51].

CE is important to understand in the context of other
links that have been demonstrated to eating pathology
[32]. The Compulsive Exercise Test [5,29] is correlated
with responses to the Eating Disorder Examination
Questionnaire [52,53] in a sample of competitive ath-
letes [3] and regular exercisers [54]. These findings sup-
port the link between CE and eating pathology. CE has
been associatedwith higher ED symptoms innonclinical
[55–57] and clinical ED samples [58,59]. Furthermore,
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CE is a risk factor for relapse in AN, and is linked with
higher rates of suicidal behavior, treatment drop-out,
and longer hospital admissions in patients with AN
[4,58].

The presence of DE or ED should be explored with a
combination of physical examination and validated
screening tools [60]. These include use of a comprehen-
sive preparticipation physical examination [61], peri-
odic health examination [62], or clinical encounters
when the athlete presents for related concerns [63].
Several ED questionnaires have been validated for the
athlete population, and care should be taken to select
the most appropriate tool for the athlete [47]. The
Eating Disorder Examination Questionnaire 6.0 is a
short form screening tool based on the Eating Disorder
Examination Questionnaire 17.0 and could form part
of a comprehensive assessment of the athlete [52].

The Influence of Maladaptive Perfectionism
Athletes commonly strive for excellence. This endeavor
may be accompanied by rigid exercise regimens, low
failure tolerance, excessive self-criticism, and the desire
to achieve mastery to gain the approval of others [64].
Perfectionism has been conceptualized as a contradic-
tion or a paradox, because some aspects of perfec-
tionism may be helpful for performance, whereas
other aspects may be detrimental. Research on perfec-
tionism in sports distinguished between perfectionistic
strivings (represented by high personal standards, self-
directed perfectionism, and high personal standards of
performance) [65–67] and perfectionistic concerns.
Perfectionistic concerns refer to excessive concern over
mistakes, fear of negative appraisal, incongruence be-
tween expectations and performance, and negative reac-
tions to imperfect performance.

Perfectionism is additionally described in two dy-
namic categories: adaptive and maladaptive. Maladap-
tive perfectionism is also synonymous with pathologic
perfectionism, which aligns with the concept of perfec-
tionistic concerns. Adaptive perfectionism manifests as
high standards that drive an individual to achieve a
desired body image or performance, whereas maladap-
tive perfectionism aligns more with concern with mis-
takes and other people’s opinions. Athletes who
experience maladaptive perfectionism have constant
fear of failure, guilt when deviations in training occur,
an extreme need to control performance outcomes, an
obsessive approach to training, and chronic unhappi-
ness with their efforts and performances. These athletes
minimize positive achievements and focus excessively
on negative events and outcomes (real or perceived).
Athletes who exhibit maladaptive perfectionism have
a high perceived stress response and are at greater risk
of experiencing performance struggles as traumatic
events [66]. Adaptive and maladaptive perfectionism
are associated with body dissatisfaction and are poten-
tial risk factors for the development of EDs [68–71].

One study demonstrated that individuals with a
lower desired body mass index and smaller perceived
ideal body shape displayed higher levels of perfection-
istic traits, such as concern over mistakes and doubt
over actions [70]. Another study demonstrated that in-
dividuals with AN and BN showed significantly higher
perfectionism traits than control subjects [72]. Longitu-
dinal evidence suggests that perfectionism is associated
with increased DE behavior in young women [73].

High levels of perfectionism and rejection sensitivity
are associated with BDD [17]. The excessive, unreason-
able, and unrealistic expectations that affected individ-
uals place on themselves can trigger debilitating
thoughts, emotions, and behaviors as seen in BDD [64].

These concepts are linked in the perfect storm
model. Maladaptive perfectionism involves the drive
to achieve high standards despite adverse consequences
and the basing of self-worth on achievements [34]. Mal-
adaptive perfectionism has been identified as one of the
key factors in the transdiagnostic model of EDs [34] and
has also been associated with CE [74]. The transdiag-
nostic model of EDs describes common mechanisms
in the persistence of EDs. These include shared distinc-
tive psychopathology, migration across diagnostic cate-
gories over time, and maintenance of clinical features
by similar psychopathological processes [34]. An array
of studies has found that individuals who engage in ex-
ercise with high levels of perfectionism have more
eating pathology than those with lower levels of perfec-
tionism [75]. Finally, in one study involving athletes at
Stanford University, perfectionism has been identified
as the risk factor with the strongest effects on DE atti-
tudes in female athletes [76].

Where Does Relative Energy Deficiency in
Sport Fit?
Energy is required to fuel all activities of the human
body, from baseline functions to intense or grueling
physical activities. Energy availability is the amount of
surplus dietary energy that is available for use by the
body after accounting for exercise-related energy expen-
diture [77]. Low energy availability (LEA) may arise
when there is an incongruence between nutritional en-
ergy intake and exercise-related energy expenditure,
leading to inadequate energy quantities to fulfill basic
requirements and sustain optimal health and perfor-
mance [77]. Exposure to LEA that is associated with
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significant disturbances of body systems is referred to as
problematic LEA [77].

Problematic LEA has been identified as the underly-
ing physiologic cause of RED-S [77]. Although there is a
dearth of studies that have explored the psychological
contributing factors to the development and perpetua-
tion of RED-S, it is important to understand the motiva-
tions and behaviors that are associated with LEA to be
aware of risks and plan a comprehensive approach to
management.

Energy imbalance may be created by intentional or
unintentional behaviors, including dietary restriction
or increased energy expenditure through exercise. In
addition, such factors as dissatisfaction with body
morphology, desire for leanness, conviction that lower
body weight translates to better performance, and ideal-
ization of optimal physique are considered risk factors
for problematic LEA and subsequent development of
RED-S [77–79].

RED-S shares numerous social and psychological fac-
tors with elements of the perfect storm. Restrictive eating
and the use of weight control methods are often linked
to dissatisfaction with body morphology, and this occurs
more frequently in aerial, weight-sensitive, and aesthetic
sports [47,80,81].Athleteswho trainandcompete in these
types of sports may be at higher risk for development of
RED-S [77]. Negative commentary about weight, shape,
and size in addition to public forums in which weight is
addressed (eg, weighing athletes in front of a group in a
gym or on a pool deck) may lead to shame, decreased
nutritional intake, DE, ED, LEA, and RED-S [82–85]. A
recent study on Icelandic athletes indicated that DE, CE,
and MD can contribute to the risk of RED-S [86].

The sociologic, cognitive, and behavioral factors un-
derpinning the development of LEA and RED-S are
shared with the elements of the perfect storm model.
These factors may represent predisposing, precipitating,
and perpetuating contributors to deteriorating states of
health, wellness, and performance that may be experi-
enced by athletes.

With the recent series of published updates on
various components of RED-S, the International
Olympic Committee released the Relative Energy Defi-
ciency in Sport Clinical Assessment Tool: V.2 (IOC
REDs CAT2) [87]. This tool uses a three-step protocol
that includes screening, severity and risk assessment,
and clinical diagnosis and treatment [88].

Other Potential Health Consequences of the
Perfect Storm
Athletesmay develop a variety of psychological andphys-
ical health sequelae resultant from behaviors related to
BDD, MD, CE, EA, DE, and ED (specifically AN and
BN). Although there is amore extensive list of psycholog-
ical sequelae of these conditions, individually and when
interconnected, only the key psychological components
of those conditions are identified in this article. It is
important for clinicians, health care providers, and other
athlete supports to recognize thepotential physicalhealth
sequelae of these conditions, because athletes may
initially present with these physical manifestations. The
most common physical health sequelae of and common
screening tools for these conditions are listed in Table 1.

Considered individually or as an interconnected col-
lective, these conditions have the potential to cause
serious or life-threatening circumstances. This high-
lights the importance of careful clinical assessment
and exploration with a comprehensive history, physical
examination, screening tools, laboratory tests, diag-
nostic imaging, or other diagnostic tests as necessary.
DISCUSSION
Sports and physical activity are extremely effective tools
for fitness, overall health, well-being, and the pursuit of
performance-specific goals. Although sport outcomes
are based on external actions and results, the internal
experience of exercise is significantly influenced by
body image, relationships with exercise and nutrition,
and perfectionism. Most athletes participate in sports
with a healthy and harmonized amalgam of these ele-
ments, but when one or more of these elements is pre-
sent at unhealthy or pathologic levels, a perfect storm
may form and result in significant functional impair-
ment or compromised health.

Although these concepts (ie, exercise, body image,
nutrition, and perfectionism) are defined separately
and represent distinct entities, they are all intercon-
nected in a manner such that challenges in one area in-
crease the risk for challenges in another. It is important
to recognize that elements of these conditions, when in
balance and moderated by objectivity, are adaptive and
positive for sport performance. Commitment to exer-
cise regimens, healthy nutrition, and high standards
and expectations are essential components for success
and performance outcomes in sports. When any of
these components become excessive, out of control, or
detrimental to health, intervention is indicated.

When any of the component conditions of the per-
fect storm is present, the others should be screened for
based on their frequently comorbid status and shared
risk factors. There exists an opportunity to engage in a
comprehensive assessment to explore more broadly
the presence or absence of those other components,



TABLE 1
Potential General Medical Sequelae of Body Dysmorphic Disorder, Muscle Dysmorphia, Compulsive
Exercise, Exercise Addiction, Disordered Eating, Eating Disorders (Specifically Anorexia Nervosa and
Bulimia Nervosa), and Relative Energy Deficiency in Sport and Common Screening Tools for Those
Conditions

Condition Potential Health Consequences Screening Tool

Body dysmorphic disorder
[23,89]

� Unnecessary surgeries
� Infections
� Wounds

� Appearance Anxiety
Inventory [42,43]

Muscle dysmorphia [23] � Physical injury
� Health consequences resultant from the

use of anabolic androgenic steroids, di-
uretics, hormones, undisclosed supple-
ment ingredients

� Muscle Dysmorphic Disorder
Inventory [45]

Compulsive exercise
[28,90]

� Physical injury
� Bone mineral density loss
� Amenorrhea
� RED-S
� Myalgia
� Fatigue
� Increased frequency of illness
� Serious medical complications including

changes in vital signs, pain, infections,
electrolyte imbalances, or involving the
cardiovascular system, digestive system,
and/or endocrine system

� Compulsive Exercise Test [29]

Exercise addiction � Same as for CE � Exercise Addiction
Inventory [30,31]

Anorexia nervosa [91] � Menstrual irregularities
� Dizziness
� Syncope
� Feeling cold all of the time
� Dry skin
� Brittle nails
� Stomach cramps
� Abnormal laboratory results: low blood cell

counts, anemia, low potassium, low thy-
roid and sex hormone levels

� Abnormal vital signs (bradycardia,
hypotension)

� Cardiac abnormalities

� Comprehensive preparticipation
physical examination and
assessment [47]

� Eating Disorder Examination
Questionnaire 6.0 [52]

Bulimia nervosa [92] � In addition to the sequelae listed for
anorexia nervosa, the recurrent binge and
purge cycles associated with bulimia can
affect the entire digestive system and can
lead to electrolyte and chemical imbal-
ances in the body that affect the heart and
other major organ functions

� Same as for AN

Disordered eating [47,63] � Health consequences for DE can be the
same as for AN and BN

� Same as for AN

(continued on next page)
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TABLE 1
(continued )

Condition Potential Health Consequences Screening Tool

Relative energy deficiency
in sport [93]

� Reduced hormone levels
� Impaired bone health
� Impairment involving digestive, endocrine,

metabolic, reproductive, cardiovascular,
musculoskeletal, and immune systems

� IOC REDS CAT2 [87,88]

A Perfect Storm for Athletes 9
potential contributing factors, and possible medical
sequelae. This model is represented in Fig. 1.

Understanding and recognizing the key features of
these conditions equips practitioners, health care pro-
viders, and other athlete supports with an enhanced
knowledge base to explore elements of each one indi-
vidually, or as comorbid and interconnected entities.
FIG. 1 Overlapping features of conditions that are assoc
and that can interfere with health and sport performance
may fuel the central constellation of symptoms and ove
may lead to RED-S or other general medical sequelae.
The purpose of this article is to define the key condi-
tions that commonly interconnect in athletes and
contribute to compromised general medical andmental
health. Treatment of each condition is beyond the scope
of this article and should be further researched and
described, especially when occurring as comorbid con-
ditions and within the context of sport.
iated with loss of cognitive and/or behavioral control
. The arrows indicate that maladaptive perfectionism
rlapping conditions, and that the central symptoms



potentially co-occuring conditions that could result in
a dysfunctional relationship with exercise and
negative impacts on health.

� Regular screening related to body image, approach to
exercise, nutritional intake, and perfectionism would
facilitate earlier recognition, intervention, and
management of the conditions related to ”the perfect
storm.”

� Emphasizing healthy approaches to body image,
nutrition, exercise, and performance outcomes could
facilitate maintaining exercise as a positive
experience for overall health enhancement.

10 Edwards & Aron
SUMMARY
Sports and exercise are important for health and well-
being. When engaged with objectivity, reasonable ex-
pectations, and a balanced approach, there are many
general medical and mental health benefits. The socio-
logic landscape of sports and exercise, including perfor-
mance outcomes, social media, idealization of certain
physiques, and the conviction that low body weight is
necessary for better performance can disrupt this
balanced approach and lead to a perfect storm. This
circumstance influences the athlete’s perception of their
body and their relationships with exercise and nutrition
to the detriment of health. Although BDD, PE, EDs, and
DE may exist in isolation, a broad array of studies has
demonstrated their interconnectedness.

It is important for practitioners, health care pro-
viders, and other athlete supports to be aware of the
risk factors for these conditions and their potential
health sequelae. Because of the complexities presented
by the interplay among sociologic, psychological, and
general medical factors, careful clinical assessment, early
identification and intervention, and strong communica-
tion between teammembers for coordination of care are
important. Complexities that can be encountered by
athletes require the expertise of comprehensive multi-
disciplinary teams, which should include a combination
of sports scientists, certified athletic therapists/trainers,
sports and exercisemedicine physicians, licensedmental
health providers (ie, sports psychiatrists, clinical social
workers, clinical psychologists, and/or licensed clinical
counselors), certified sports performance providers,
and registered/licensed sports dieticians.

Early identification and recognition of these condi-
tions are important for intervention, management,
and prevention of potential severe psychological and
general medical sequelae. Although treatment of these
conditions is beyond the scope of this article, explora-
tion of multidimensional treatment approaches is an
important future direction for guiding the multidisci-
plinary team in comprehensive care of the athlete.
CLINICS CARE POINTS
� Exploring the athlete's perspective on their body
image, exercise patterns, and approach to nutrition
could identify risk factors for clinical conditions that
may negatively impact mental health and
performance.

� Recognizing maladaptive perfectionism in an athlete
can guide the mental health clinician to explore
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