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Disordered eating behavior (DE) and eating disorders (EDs) are of great concern because of their associa-
tions with physical and mental health risks and, in the case of athletes, impaired performance. The syndrome 
originally known as the Female Athlete Triad, which focused on the interaction of energy availability, repro-
ductive function, and bone health in female athletes, has recently been expanded to recognize that Relative 
Energy Deficiency in Sport (RED-S) has a broader range of negative effects on body systems with functional 
impairments in both male and female athletes. Athletes in leanness-demanding sports have an increased risk 
for RED-S and for developing EDs/DE. Special risk factors in aquatic sports related to weight and body 
composition management include the wearing of skimpy and tight-fitting bathing suits, and in the case of 
diving and synchronized swimming, the involvement of subjective judgments of performance. The reported 
prevalence of DE and EDs in athletic populations, including athletes from aquatic sports, ranges from 18 to 
45% in female athletes and from 0 to 28% in male athletes. To prevent EDs, aquatic athletes should practice 
healthy eating behavior at all periods of development pathway, and coaches and members of the athletes’ 
health care team should be able to recognize early symptoms indicating risk for energy deficiency, DE, and 
EDs. Coaches and leaders must accept that DE/EDs can be a problem in aquatic disciplines and that openness 
regarding this challenge is important.
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In many sports, body weight and body composi-
tion are crucial variables for performance (Ackland et 
al., 2012). Many elite athletes struggle with disordered 
eating (DE) behavior and eating disorders (EDs) as they 
attempt to conform to the “ideal” body in their sport 
(Sundgot-Borgen & Garthe, 2011). Persistent restricted 
energy intake and low energy availability (EA) with 
or without DE/EDs are associated with changes in the 
endocrine system affecting metabolism and function of 
many body systems in both female and male athletes 
(Warren, 2011). Discussion on the syndrome originally 
known as the Female Athlete Triad, which focused on the 
interaction of EA, reproductive function, and bone health 
in female athletes (Nattiv et al., 2007), has recently been 
expanded with the establishment of the umbrella term 
Relative Energy Deficiency in Sport (RED-S; Mountjoy 

et al., 2014). This term more accurately recognizes the 
additional range of effects on other body systems (e.g., 
immune system, cardiovascular health, muscle protein 
synthesizes) with a range of functional outcomes (e.g., 
increased illness and injury risks, impaired performance) 
in both male and female athletes (Mountjoy et al., 2014). 
In general, DE and EDs are of great concern because of 
their associations with physical and mental health risks 
(Presnell et al., 2009; Swanson et al., 2011), and for 
most athletes, these conditions are also associated with 
impaired performance (Torstveit & Sundgot-Borgen, 
2013).

Athletes in some sports seem to be more at risk 
for development of DE or EDs because of the focus on 
weight categories, a thin prepubertal appearance, or a 
clearly defined muscularity with low percentage of body 
fat (Greydanus et al., 2010; Sundgot-Borgen et al., 2013). 
Sports such as gymnastics, diving, and synchronized 
swimming can be labeled “leanness-demanding” because 
they are aesthetically judged sports with emphasis on 
a lean appearance (Ackland et al., 2012; Meyer et al., 
2013). Athletes who participate in endurance sports, 
such as distance running, cycling, and swimming, and 
sports that implement weight categories for competition, 
such as lightweight rowing and wrestling, also struggle 
with issues surrounding weight and body composition. 
Athletes in these sports are considered at high risk for 
developing RED-S, including the involvement of DE and 
EDs (Greydanus et al., 2010;Torstveit & Sundgot-Borgen, 
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2013). Risk factors associated for the development of 
poor eating habits in swimmers include an intense exer-
cise pattern and/or experience of pressure to achieve a 
low body weight (Greydanus et al., 2010). The pressure 
that comes with the perception held by many top swim 
coaches that lower body weight and body fat improves 
swimming times (Thompson & Sherman, 2010) increases 
the risk for restricted eating behavior and for developing 
DE/EDs (Torstveit & Sundgot-Borgen, 2013). A nega-
tive self-image regarding appearance and perception of 
how others evaluate their physique have been reported 
among adolescent competitive synchronized swimmers 
compared with athletes in sports with no emphasis on 
leanness and nonathletic control subjects (Ferrand et al., 
2005a). There is also evidence that swimmers often feel 
pressure to lose weight and that they may be especially 
vulnerable to DE because of the display of their bodies 
in tight and revealing swim suits (Benson et al., 1990). 
Furthermore, there is also considerable research suggest-
ing that revealing sport attire contributes to unhealthy 
body image and dieting and also facilitates it by making 
unhealthy body comparisons easier (Reel & Gill, 2001; 
Steinfeldt et al., 2013).

Despite the risk factors associated with various 
aspects of aquatic sports for DE and ED, the absence of 
comprehensive analyses of the specific problems in these 
sports is noted, as is the lack of recommendations on how 
to prevent and manage these issues. The aim of this review 
is to address these gaps in knowledge and practice by (a) 
defining the DE continuum and reviewing the prevalence 
of DE/EDs, (b) summarizing the risk factors and conse-
quences that are generally associated with RED-S and, 
finally, (c) suggesting strategies for the management and 
prevention of DE/EDs in athletes competing in diving, 
synchronized swimming and swimming.

The Disordered Eating Continuum
Most EDs typically begin as a voluntary restriction of 
food intake, where the restricted eating behavior pro-
gresses to chronic dieting and frequent weight fluctuation, 
with increasingly pathological eating and weight-control 
behaviors with/or without excessive exercise (Torstveit 
& Sundgot-Borgen, 2013). The DE continuum therefore 
starts with appropriate eating and exercise behaviors, 
including healthy periodic dieting or occasional use of 
more extreme weight loss methods, such as short-term 
restrictive diets with low EA (< 125 kJ/kg of fat-free mass, 
or FFM, per day, or 30 kcal/kg of FFM/day; Sundgot-
Borgen & Torstveit, 2010a). EA is defined as the avail-
ability of metabolic fuels (glucose and fatty acids) for 
basal physiological function when the exercise energy 
expenditure has been subtracted from total energy intake 
(Loucks & Thuma, 2003; Loucks et al., 2011). In healthy 
young adults, the average energy intake for weight stable 
women has been reported to be ~189 ± 25 kJ/kg of FFM/
day (45 ± 6 kcal/kg of FFM/day; Loucks et al., 1998, 
2011; Loucks & Thuma, 2003). Meanwhile, exposure 
to as few as 5 days of low EA has been shown to reduce 

blood glucose levels and carbohydrate availability, sup-
press the pulsatility of gonadotropin-releasing hormone, 
reduce hypothalamic-pituitary-axis hormones (such 
as triiodothyronine and estrogen), and elevate cortisol 
(Loucks & Thuma, 2003).

At the end of the DE behavior continuum are the 
overt clinical EDs, in which the athlete struggles with 
abnormal eating behaviors, distorted body image, weight 
fluctuation, and extreme dieting with regular use of patho-
logical compensatory strategies such as fasting, dehydra-
tion, purging (e.g., vomiting, laxatives, and weight loss 
drugs; Torstveit & Sundgot-Borgen, 2013).

Diagnostic Criteria
The athlete with DE is usually preoccupied with achiev-
ing a low body weight or a perceived “ideal body com-
position” to compensate for a strong dissatisfaction with 
body image or experienced discrepancy from the “ideal” 
sport specific body image. Athletes with DE often con-
tinuously feel too fat for their sport, and the DE might 
intensify to such a degree that the athlete meets the criteria 
for a clinical ED. Athletes can be underweight, normal 
weight, or overweight, irrespective of the presence of 
extreme dieting periods or EDs (Torstveit & Sundgot-
Borgen, 2012). Using the previous diagnostic criteria 
as a framework (Diagnostic and Statistical Manual of 
Mental Disorders, 4th edition, text rev.; DSM–IV–TR; 
American Psychiatric Association [APA], 2000), the most 
frequently reported ED diagnosis among elite athletes has 
been that of an ED not otherwise specified. Relatively few 
elite athletes meet the specific criteria for bulimia nervosa 
and especially for anorexia nervosa from this diagnostic 
tool (Martinsen & Sundgot-Borgen, 2013; Sundgot-Bor-
gen & Torstveit, 2004). The recently updated diagnostic 
manual (Diagnostic and Statistical Manual of Mental 
Disorders, 5th ed.; DSM–V; APA, 2013) now recognizes 
clinical EDs of anorexia nervosa, bulimia nervosa, binge 
eating disorder, and other specified and unspecified feed-
ing or ED (OSFED). These EDs have many features in 
common, and patients/athletes frequently move between 
the diagnoses (Sundgot-Borgen & Torstveit, 2010a). The 
criteria for these disorders are listed in Tables 1–4, and a 
short description of the disorders and the changes in the 
new DSM-V criteria follows below.

Anorexia nervosa primarily affects adolescent girls 
and young women and is characterized by distorted 
body image with a pathological fear of becoming fat 
that leads to excessive dieting and severe weight loss. 
The DSM–V criteria (APA, 2013) have several minor 
but important changes from the DSM–IV–TR criteria 
(APA, 2000). Criterion A focuses on behavior such as 
restricting calorie intake and no longer includes the word 
“refusal” in terms of maintaining body weight, because 
that implies intention on the part of the patient and can 
be difficult to assess. Criterion D from the DSM–IV–TR, 
which required amenorrhea or the absence of at least 
three menstrual cycles, as well as the weight criterion, 
has also been removed.
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Table 1 DSM–V  Diagnostic Criteria for Anorexia Nervosa

Diagnostic Criteria

A. Restriction of energy intake relative to requirements leading to a significantly low body weight in the context of age, sex, 
developmental trajectory, and physical health

B. Intense fear of gaining weight or becoming fat, even though underweight

C. Disturbance in the way in which one’s body weight or shape is experienced, undue influence of body weight or shape on 
self-evaluation, or denial of the seriousness of the current low body weight

Source: American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders (5th ed.). Washington, DC: American 
Psychiatric Association.

Table 2 DSM–V  Diagnostic Criteria for Bulimia Nervosa

Diagnostic Criteria
A. Recurrent episodes of binge eating characterized by both of the following:

 1. Eating in a discrete amount of time (within a 2-hr period) large amounts of food

 2. Sense of lack of control over eating during an episode

B. Recurrent inappropriate compensatory behavior to prevent weight gain (purging)

C. The binge eating and compensatory behaviors both occur, on average, at least once a week for three months

D. Self-evaluation is unduly influenced by body shape and weight

E. The disturbance does not occur exclusively during episodes of anorexia nervosa

Source: American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders (5th ed.). Washington, DC: American 
Psychiatric Association.

Table 3 DSM–V  Diagnostic Criteria for Binge-Eating Disorder

Diagnostic Criteria
A. Recurrent episodes of binge eating. An episode of binge eating is characterized by both of the following:

 1. Eating, in a discrete period of time (for example, within any 2-hr period), an amount of food that is definitely larger than 
most people would eat in a similar period of time under similar circumstances

 2. A sense of lack of control over eating during the episode (for example, a feeling that one cannot stop eating or control 
what or how much one is eating)

B. The binge-eating episodes are associated with three (or more) of the following:

 1. Eating much more rapidly than normal

 2. Eating until feeling uncomfortably full

 3. Eating large amounts of food when not feeling physically hungry

 4. Eating alone because of feeling embarrassed by how much one is eating

 5. Feeling disgusted with oneself, depressed, or very guilty afterward 

C. Marked distress regarding binge eating is present

D. The binge eating occurs, on average, at least once a week for three months

E. The binge eating is not associated with the recurrent use of inappropriate compensatory behavior (for example, purging) and 
does not occur exclusively during the course Anorexia Nervosa, Bulimia Nervosa, or Avoidant/Restrictive Food Intake Disorder

Source: American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders (5th ed.). Washington, DC: American 
Psychiatric Association.

Bulimia nervosa is characterized by frequent epi-
sodes of binge eating followed by behaviors to avoid 
weight gain, such as self-induced vomiting; abuse of laxa-
tives, diuretics, or other medications; fasting; or exces-
sive exercise. The number of binge episodes required 
to meet the diagnostic criteria for bulimia nervosa has 
been reduced from three times to one time per week in 
the DSM–V (APA, 2013).

Binge eating disorder is defined as recurring epi-
sodes of eating significantly more food in a short period 

of time than most people would eat under similar cir-
cumstances, with episodes marked by feelings of lack of 
control. The person may have feelings of guilt, embar-
rassment, or disgust and may binge eat alone to hide 
the behavior. This disorder is associated with marked 
distress and occurs, on average, at least once a week 
over three months. This change from the DSM–IV–TR 
criteria (APA, 2000) is intended to increase awareness of 
the substantial differences between binge eating disorder 
and the common phenomenon of overeating. Although 
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Table 4 Examples of Presentations That Can Be Specified Using the “Other Specified” 
Designation for the DSM–V Other Specified Feeding or Eating Disorder (OSFED)

Diagnostic Criteria
1. Atypical anorexia nervosa: All of the criteria for anorexia nervosa are met, except that despite significant weight loss, the 
individual’s weight is within or above the normal range
2. Bulimia nervosa (of low frequency and/or limited duration): All of the criteria for bulimia nervosa are met, except that the 
binge eating and inappropriate compensatory behaviors occur, on average, less than once a week and/or for less than 3 months.
3. Binge-eating disorder (of low frequency and/or limited duration): All of the criteria for binge-eating disorder are met, except 
the binge eating occurs, on average, less than once a week and/or for less than 3 months.
4. Purging disorder: Recurrent purging behavior to influence weight or shape (e.g., self-induced vomiting, misuse of laxatives, 
diuretics, or other medications) in the absence of binge eating
5. Night eating syndrome: Recurrent episodes of night eating, as manifested by eating after awakening from sleep or by 
excessive food consumption after the evening meal. There is awareness and recall of the eating. The night eating is not better 
explained by external influences such as changes in the individual’s sleep-wake cycle or by local social norms. The night eating 
causes significant distress and/or impairment in functioning. The disordered pattern of eating is not better explained by binge-
eating disorder or another mental disorder, including substance use, and is not attributable to another medical disorder or to an 
effect of medication.

Source: American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders (5th ed.). Washington, DC: American 
Psychiatric Association.

overeating is a challenge for many, recurrent binge eating 
is much less common, far more severe, and is associated 
with significant physical and psychological problems.

Other Specified (or Unspecified) Feeding or Eating 
Disorder acknowledges the existence and importance 
of a variety of eating disturbances that do not necessar-
ily fall into the specific category of anorexia nervosa, 
bulimia nervosa, or binge eating disorder. Such eating 
disturbances can cause clinically significant distress or 
impairment in social, occupational, or other important 
areas of functioning (APA, 2013).

As a result of the new categories such as OSFED 
and binge eating disorder and the changed criteria for 
anorexia nervosa and bulimia nervosa, many patients or 
athletes who previously would have been diagnosed with 
ED not otherwise specified will be reassigned a diagnosis 
of greater clinical utility (Call et al., 2013). Ideally, these 
changes will increase the possibility for earlier treatment 
and therefore a better prognosis.

Prevalence of Disordered Eating 
and Eating Disorders

The reported prevalence of DE and EDs in athletic 
populations from a number of sports, including aquatic 
sports, ranges from 18 to 45% in female athletes (da 
Costa et al., 2013; Nichols et al., 2007; Sundgot-Borgen, 
1994), and from 0 to 28% in male athletes (Torstveit & 
Sundgot-Borgen, 2005b). Studies aiming to investigate 
the prevalence of DE or EDs among female athletes in 
which all or a large proportion of the subjects included 
are from aquatic disciplines are shown in Table 5; there 
are no such studies involving male athletes from aquatic 
sports. The wide range in reported prevalence may be 
explained by differences in methodological factors, such 
as definitions of DE and EDs and assessment tools, as 

well as differences in athlete characteristics (e.g., age, 
performance level) and sport disciplines. It has been 
claimed that the prevalence seems to be higher in elite 
athletes than in athletes at lower competitive level and in 
control subjects (Byrne & McLean, 2001, 2002; Sundgot-
Borgen & Torstveit, 2010). Furthermore, athletes seem to 
be in more advanced stages of the DE behavior continuum 
(i.e., they show a higher frequency of menstrual dysfunc-
tion) compared with nonathletes (Coelho et al., 2010).

Risk Factors for Developing Energy 
Deficiency, Disordered Eating, or 

Eating Disorders
Scientific evidence and clinical experience show that the 
etiological factor underpinning the RED-S is an energy 
deficiency relative to the balance between dietary energy 
intake and the energy expenditure required to support 
homeostasis, health, and the activities of daily living, 
growth, and sporting activities (Mountjoy et al., 2014). 
However, it is important to realize that in theory and in 
practice, there are several ways that energy deficiency 
develops that might affect both the type and severity of 
the outcomes.

The most prevalent cause of RED-S appears to be 
DE or EDs in which the energy deficiency produced 
by undereating and/or overexercising is underpinned 
by the psychopathology described above. Predisposi-
tion to develop an ED is dependent on sociocultural, 
demographic, environmental, biological, psychological, 
and behavioral factors (Sundgot-Borgen et al., 2013). 
Important risk factors for DE seen in athletes include 
personality factors (such as perfectionism and pressure 
to lose weight), frequent weight cycling, early start of 
sport-specific training, overtraining, injuries, and certain 
coaching behaviors (Sundgot-Borgen & Torstveit, 2010).
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Table 5 Prevalence of Disordered Eating and Eating Disorders in Studies Including Aquatic 
Athletes

Reference Subjects and Sport Assessment Main Findings
Schtscherbyna et 
al. (2009)

Adolescent female elite 
swimmers (N = 78)

Three questionnaires (Eating 
Attitudes Test, Bulimic Inves-
tigatory Test Edinburgh, and 
Body Shape Questionnaire)

45% of the athletes met the criteria for DE 
behavior

Beals and Hill 
(2006)

Female athletes (N = 112) 
from non–lean-build (n = 
47) and lean-build sports (n 
= 65) including diving and 
swimming

Health, weight, dieting, and 
menstrual history question-
naire

25% of the athletes met the criteria for DE 
with no differences between non–lean-build 
and lean-build sports

Anderson and 
Petrie (2012)

Female swimmers and 
divers (n = 134) and gym-
nasts (n = 280) National 
Collegiate Athletic Asso-
ciation, Div. I

Two questionnaires (the Ques-
tionnaire for ED Diagnoses 
and seven items from the 
Bulimia Test-Revised)

21% of the swimmers/divers were classified 
as subclinical, and 7% met the criteria for 
EDs

Benson et al. 
(1990)

Female adolescent elite 
swimmers (n = 18), gym-
nasts (n = 12), and non-
athletic control subjects (n 
= 34)

One questionnaire(the Eating 
disorder inventory)

38% of the swimmers scored high on body 
dissatisfaction subscale compared with 9% 
of the gymnasts and 1% of the control sub-
jects

Ferrand et al. 
(2005b)

Female elite synchronized 
swimmers (n = 42), team 
ball sports (n = 40), and 
nonathletic control subjects 
(n = 50)

Two questionnaires (the Body-
esteem Scale and the Eating 
Attitudes Test)

No differences between the groups in ED 
score. Synchronized swimmers reported 
greater negative feelings about their appear-
ance and low perceptions of how others 
evaluate their physical appearance compared 
with the other groups.

Notes. ED = eating disorder. DE = disordered eating.

Other causes of a mismatch between energy intake 
and exercise energy expenditure may occur without such 
a psychological overlay. In some cases, they represent 
a well-intentioned, and even well-justified, program 
to reduce body mass or body fat, whereby the athlete 
engineers a large energy deficit to achieve their goals 
quickly, without awareness of the secondary conse-
quences of their endeavors. In this scenario, in which 
the weight-loss behavior is rational but misinformed 
or mismanaged, evidence-based recommendations for 
weight loss or changes in body composition overseen 
by professionals should be used (Sundgot-Borgen & 
Garthe, 2011). The final scenario involves the athlete 
with an extreme exercise commitment who is unaware 
of its energy cost or unable to consume sufficient food 
to match it. There is some evidence that appetite does 
not always track energy expenditure at high or unac-
customed levels of exercise/activity, creating a situation 
of inadvertent energy deficiency (Stubbs et al., 2004). It 
is possible that high volume exercise has a suppressive 
effect on appetite rather than the converse; additional 
lifestyle or practical factors that can exacerbate this 
problem include the inhibitory effect of fatigue on the 
effort required to obtain and prepare food, the difficulty 
of consuming large amounts of bulky fiber-rich carbohy-
drate foods, and reduced opportunities for food-related 

activities on days in which a substantial number of hours 
is devoted to exercise (Burke, 2014).

Health Consequences  
of Energy Deficiency, Disordered 

Eating, and Eating Disorders
The physiological and medical complications and the 
effect on performance that are associated with DE/EDs 
depend on the severity and/or duration and frequency of 
energy deficiency, the amount of weight loss, rate and 
composition of weight loss, and the electrolyte imbalance 
induced by dehydration or purging. Most physiological 
consequences of an ED are due to persistent low EA 
(Nattiv et al., 2007) and will be described below. There 
will be additional health consequences in athletes who 
engage in binge-eating and purging, with complications 
such as dehydration, acid-base abnormalities, and car-
diac rhythm disturbances (Carney & Andersen, 1996; 
Thompson & Sherman, 2010). Both starvation and 
purging are physiological stressors and, as such, produce 
an up-regulation of the hypothalamic-pituitary-adrenal 
axis and an increase in the adrenal hormones cortisol, 
epinephrine, and norepinephrine. These hormones have a 
stimulatory effect on the central nervous system that can 
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mask fatigue and evoke feelings of euphoria in athletes 
with EDs (Beals, 2004).

Typical consequences of persistent energy deficiency 
with or without an ED are reproductive dysfunction, 
impaired bone health, decreased resting metabolic rate, 
increased cardiovascular risk factors, gastrointestinal 
problems, and deficiencies/suboptimal status of micro-
nutrients such as iron and calcium (Beals, 2004; Eichner, 
1992; Nattiv et al., 2007; Rauh et al., 2010; Rickenlund 
et al., 2005). The prevalence of menstrual disturbances 
in female athletes varies widely depending on the type of 
sport and is reported to be as high as 69% in weight-sen-
sitive sports (Beals & Hill, 2006) compared with 3–25% 
in control groups (Coelho et al., 2010). The prevalence 
of menstrual dysfunction and impaired bone health in 
female elite athletes competing in weight-sensitive sports 
is higher than that among female athletes representing 
sports that are less sensitive to the effects of body weight 
(Coelho et al., 2010; Rauh et al., 2010). In addition, it 
is evident that energy deficiency, suppressed hormonal 
activity, and reduced bone mineral density (BMD) also 
affect male athletes (Dolan et al., 2012; Hetland et al., 
1993; Smathers et al., 2009). For example, Smathers et 
al. (2009) found that 9% of male competitive cyclists 
and 3% of age- and body mass- matched control subjects 
were classified as osteoporotic, and as many as 25% of 
the cyclists had low BMD compared with 10% of the 
control subjects.

Achievement and maintenance of optimal BMD 
depend on a combination of mechanical, hormonal, 
and dietary factors (Lebrun, 2007). Adequate hormonal 
status and nutritional support (calcium, protein, and other 
bone-building materials) are essential, especially during 
adolescence (Barrack et al., 2010). Mudd et al. (2007) 
investigated BMD among collegiate female athletes and 
found that swimmers and divers had significantly lower 
average leg BMD than athletes in all other sports except 
runners and rowers. Among Norwegian elite athletes, 
athletes competing in low impact sports (such as swim-
mers and underwater rugby athletes) were found to have 
lower BMD values in all measurement sites compared 
with athletes competing in high impact sports (Torstveit 
& Sundgot-Borgen, 2005a). Whether the lower BMD is 
due to insufficient mechanical load, low EA, DE, or EDs 
is not known because of the cross sectional design of the 
studies; however, Torstveit and Sundgot-Borgen (2005a) 
found that Norwegian athletes with EDs had 3–5% lower 
total body and lumbar spine BMD compared with athletes 
without EDs.

Although the health consequences of RED-S appear 
clear to professionals, to a young athlete, the lack of an 
immediate consequence may fail to provide sufficient 
incentive to change behavior. Therefore, it is important 
to identify issues that are of more direct relevance to ath-
letes, particularly factors that affect their capacity to per-
form well in competition. Illness and injury are two such 
concerns; the training programs of many athletes already 
walk a fine line between providing the maximum stimulus 
to optimize adaptive outcomes and doing too much to 

substantially increase the risk of illness and injury. Both 
problems can be career limiting or threatening if they 
interrupt the consistency of the athlete’s training or occur 
at a critical time, such as just before or during a competi-
tion phase. Some studies provide evidence of increased 
problems in athletes who have restricted energy intakes 
or dietary restraint. For example, a survey of male and 
female Olympic athletes found that those who partici-
pated in lean-build sports such as diving and attempted 
to lose weight/body fat more frequently reported a greater 
prevalence of upper respiratory tract infections in the 3 
months before the investigation than their counterparts 
from non–lean-build sports (38% versus 22%, p < .05; 
Hagmar et al., 2008). Furthermore, high-school athletes 
who were found to have DE problems were twice as 
likely as their counterparts with normal eating behavior 
to have a sports-related musculoskeletal injury during a 
sports season (Thein-Nissenbaum et al., 2011).

Of course, the issue that is most likely to attract 
the attention of an athlete is his or her performance. A 
recent systematic review of 20 studies concluded that 
EDs have a negative effect on both physical fitness and 
sport performance via low EA, excessive loss of fat and 
lean mass, dehydration, and electrolyte disturbance (El 
Ghoch et al., 2013). Although few studies of elite athletes 
are available, one provides information that is highly 
relevant to aquatic athletes. Elite junior female swimmers 
were monitored over a 12-week training program. The 
subgroup of swimmers who had regular menstrual func-
tion was compared with another who displayed ovarian 
suppression of their cycles (VanHeest et al., 2014). The 
group with disturbed menstrual function reported lower 
energy intake and availability, and evidence of energy 
deficiency was confirmed via measurements of resting 
energy expenditure (depressed) and triiodothyronine 
and insulin-like growth factor-1 concentrations, which 
dropped over the course of the study during the heavy 
training phase. At the start of the study, the groups were 
matched for performance (400 m swim time); however, 
only the healthy group improved over the training period 
(an 8% increase in speed), whereas the energy-deprived 
swimmers showed a 10% decline in swimming speed. 
More investigations of this kind are encouraged.

Management and Prevention

Specific strategies to prevent, detect, and treat EDs in 
athletes can include surveillance, research, medical care, 
and public and professional education. Because sports 
in which there is less focus on body weight or leanness 
seem to have the lowest prevalence of EDs (Sundgot-
Borgen, 1994; Sundgot-Borgen & Torstveit, 2010), it is 
important to minimize the focus on weight and instead 
ensure a supportive environment that encourages athletes 
to practice training regimens and eating behavior that 
promote optimal performance. Coaches and health care 
teams should also be aware of other well-known triggers 
for the onset of EDs, such as a sudden increase in training 
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volume or injuries (Sundgot-Borgen, 1994), and take care 
to prevent restricted eating behavior and dieting and to 
emphasize the importance of adequate nutrition support 
in these situations.

If measurement of body weight and body composi-
tion is used in aquatic sports, it should be performed by a 
certified health care professional using a validated method 
in a standardized setting (Meyer et al., 2013). Preferably, 
anthropometric assessment should be performed in the 
context of other relevant sport-specific strength and/or 
performance tests to prevent focus on body weight and 
body composition as the only performance enhancing 
factor (Meyer et al., 2013). It is highly recommended that 
optimal targets for body weight and body composition 
be set individually, because excessive leanness might 
compromise health and performance in one athlete, 
whereas the same body composition and body weight 
might enhance performance in another athlete without 
adversely affecting health (Meyer et al., 2013). A study 
investigating associations between body composition, 
biochemical parameters, and food intake in adolescent 
female swimmers found that with those with DE had 
greater body fat percentage and fat mass than swimmers 
without DE (da Costa et al., 2013). Likewise, in a study of 
swimmers, EA, and performance, the subgroup that was 
found to have low EA was heavier and had higher body 
fat than the other subgroup (VanHeest et al., 2013). These 
findings indicate that a low body fat/weight or weight loss 
should not be considered as a prerequisite or marker of 
DE or energy deficiency, and that any signs of an apparent 
mismatch between energy intake and energy expenditure 
should be followed up for greater investigation.

There are several reasons for increasing the focus on 
the nutritional status of young aquatic athletes. Overall, 
adolescence is considered the most vulnerable time for 
developing DE as a result of the biological changes, peer 
pressure, societal drive for thinness, and body image 
preoccupation that occur during puberty (Ferreiro et al., 
2012), and it is suggested that adolescents in the gen-
eral population account for 40% of new cases of EDs 
(Herpertz-Dahlmann et al., 2011). In addition, younger 
female athletes are more likely to suffer from endocrine 
impairment after periods of low EA than older female 
athletes with an established menstrual cycle (Loucks, 
2006). Because adolescence is a time of skeletal growth, 
the effects of impaired bone health are likely to be pro-
nounced (Hurvitz & Weiss, 2009).

Early detection and intervention of low EA, includ-
ing EDs, are important not only to prevent long-term 
health consequences, such as impaired bone health 
(Nattiv et al., 2007; Rauh et al., 2010), but also to optimize 
immediate goals for performance and recovery (Nattiv et 
al., 2007; Rauh et al., 2010). It is important that athletes 
with EDs be considered ill and receive proper medical, 
nutritional, and psychiatric treatment (Bratland-Sanda 
& Sundgot-Borgen, 2013). In addition, when medically 
cleared, athletes are in need of close follow-up (Sherman 
& Thompson, 2006; Nattiv et al., 2007). Increased knowl-

edge among coaches and medical personal in aquatic 
sports of early symptoms indicating risk for RED-S with 
or without DE or EDs is therefore crucial.

Conclusions

The DE continuum ranges from appropriate eating and 
exercise behaviors and occasional use of short-term 
restrictive diets to overt EDs with pathological eating 
and weight-control behaviors with/or without excessive 
exercise. Important risk and trigger factors of DE include 
perfectionism and pressure to lose weight, frequent 
weight cycling, early start of sport-specific training, over-
training, injuries, and certain coaching behaviors. The 
prevalence of conditions related to RED-S including EDs 
is high among athletes in sports that emphasize leanness, 
such as synchronized swimming, diving, and swimming. 
Typical consequences of persistent energy deficiency 
with or without an ED are reproductive dysfunction, 
impaired bone health, decreased resting metabolic rate, 
an increase in cardiovascular risk factors, and gastroin-
testinal problems. To prevent RED-S, aquatic athletes 
have to practice healthy eating behavior, and coaches 
and athletes’ health care teams must be able to recognize 
early symptoms indicating risk for energy deficiency, DE, 
and EDs. Coaches and leaders must accept that DE/EDs 
can be a problem in aquatic disciplines and that openness 
regarding this challenge is important.
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