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Abstract
Weight-control behaviour is commonly observed in a wide range of elite sports, especially leanness sports, where
control over body weight is crucial for high peak performance. Nonetheless, there is only a fine line between purely
functional behaviour and clinically relevant eating disorders. Especially the rapid form of weight manipulation
seems to foster later eating disorders. So far, most studies have focussed on adult athletes and concentrated on
manifest eating disorders. In contrast, our review concentrates on young athletes and weight-control behaviour as a
risk factor for eating disorders.
An electronic search according to PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
Statement was performed using Pubmed, PsychInfo and Spolit. The following search terms were used: weight-control,
weight-control behaviour, weight gain, weight loss, pathogenic weight-control behaviour and weight-concerns, each of
them combined with elite athlete, young elite athlete, adolescent elite athlete and elite sports.
Overall, data are inconsistent. In general, athletes do not seem to be at a higher risk for pathogenic weight
concerns and weight-control behaviour. It does seem to be more prevalent in leanness sports, though. There is
evidence for pathogenic weight-control behaviour in both genders; male athletes mostly trying to gain weight
whereas females emphasise weight reduction. There is not enough data to make predictions about connections
with age of onset.
Young elite athletes do show weight-control behaviour with varying degrees of frequency and severity. In
particular, leanness sports seem to be a risk factor for weight manipulation. Further research is needed for more
details and possible connections.
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Review
Introduction

Weight-control behaviour is accepted in a wide range of
elite sports [1,2]. Many sports require “low body weight
and/or low fat/muscle ratio (leanness)” to achieve good
results ([1] page 5, [3]). Quite often, this causes problems in terms of pathogenic weight-control behaviour or
eating disorders. Research into adult elite athletes so far
has suggested that pathogenic weight-control behaviour,
disordered eating or clinically relevant eating disorders
are common in elite sports [2,4-12]. However, there is
much less evidence on these aspects in young elite
sports.
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For many athletes across various sport disciplines there
is a direct causal connection between success and low body
weight [13], with weight regulation playing a decisive role.
Thus, Dosil classified so-called “high risk sports in connection with pathogenic weight-control behaviour” [2]. These
are: 1. aesthetic sports, e.g. rhythmic and artistic gymnastics, ice-skating or dancing; 2. weight division sports, e.g.
judo or rowing; 3. gym sports, e.g. aerobics; 4. endurance
sports and 5. low-weight performance sports, e.g. distance
running. In general athletes in these high-risk sports
emphasize their slim appearance [2,3,13].
Weight-control behaviour can be pathogenic or nonpathogenic. Pathogenic weight-control behaviour is used
to “manage emotions, weight and body size” [14] hence
introduces a second dimension, namely feelings. This
clearly distinguishes it from the non-pathogenic weightcontrol, which is purely functional and targeted in line
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with sport specific demands. Pathogenic refers to all unhealthy ways of controlling weight and can be carried
out in two ways: gradual and rapid [10,15]. Gradual
weight-control behaviour is a method of reducing or
gaining weight in a more careful, continuous way, for example through restraint, selective eating or exercising
over a longer period of time. Nonetheless, it can get out
of control and might lead to sub-clinical eating disorders, with excessive exercising or long lasting dieting
being risk factors for eating disorders [8,16,17]. On the
other hand, rapid weight-control is characterized by a
fast change of body weight through compensatory behaviour over a shorter time period (e.g. vomiting, obsessive sweating through sauna in plastic suits or using
medication like laxatives). It might also – in connection
with the pressure to be thin for a better athletic performance – increase the risk of developing an eating
disorder [4,7,8,10,15,18-21]. In general, it is well recognized that dissatisfaction with either shape or weight of
the body and a resulting dieting behaviour are risk factors for the development of eating disorders [22,23].
Elite athletes form a special population, as they participate in a highly competitive system, in which the main
evaluation criterion is “victory or defeat” in sport competitions and sporting events [24]. Therefore, the main
orientation is towards peak performances and outstanding bodily achievements. In order to attain this, elite athletes from almost all sport disciplines must focus on
their body in some way [8]. This clearly distinguishes
them from non-athletes and, consequently, has to be
taken into account when evaluating the effect of amount
of training, weight loss methods, eating patterns or psychological “profile” [8,20]. Sport specific weight-control
behaviour can be purely functional and necessary for
performance improvement, particularly in leannesssports [25], making it a non-pathogenic form of weightcontrol. This means that the very same behaviour (e.g.
restriction in eating) might be pathological in one context and non-pathological in another. However, the line
between functional, non-pathogenic and sub-clinical
pathogenic behaviour might be thin. Additionally, young
athletes might be under double pressure, as they are not
only under the normal strain from society, but the sportspecific demands on top [18].
Over the last decades, several studies and reviews have
shown a higher prevalence of eating disorders among
athletes compared to non-athletes. In contrast, this review will focus on pathogenic weight-control behaviour
(e.g. restricted/disordered eating, abuse of medication)
and weight-concerns (e.g. body dissatisfaction) rather
than manifest eating disorders in elite athletes. We defined “elite athletes” as those actively competing at minimum in the national teams of their respective home
country and/or being part of the national squad team.
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Additionally, we decided to focus on young elite athletes
aged 12 to 25, as there is a substantial gap of knowledge
on eating and weight-management behaviour in young
and adolescent elite athletes. It has been reported that
athletes start to manipulate their weight as early as aged
9 to 14 [26,27]. Empirical evidence suggests that the onset of eating and weight problems in the general population often happens during adolescence leaving young
athletes potentially at double risk [28]. As young elite
athletes often still attend college and educational systems vary in different countries, we decided to set the
upper age limit to 25.
Therefore, the aim of this review is to have a closer
look at weight-control behaviour in young elite athletes,
providing a comprehensive overview of the data published to answer the following questions:
1. Are young elite athletes more at risk for pathogenic
weight-control behaviour than non-athletes? Is there
some kind of functionality for (pathogenic) weightcontrol behaviour in young elite sports?
2. Are young elite athletes competing in leanness-sports
more at risk for pathogenic weight-control behaviour
than athletes competing in non-leanness sports?
3. Are young elite female athletes more at risk for
pathogenic weight-control behaviour than young
male athletes?
Answers could be used to develop special guidelines
for dealing with the occurring weight-control behaviour
in young elite athletes, similar to those already shown
for adults [12].
Methods

The systematic procedure of this literature review follows
the PRISMA-Statement (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) [29]. An electronic
search was performed using Pubmed, PsychInfo and Spolit.
Additionally, references from retrieved articles were examined for cross-references. The final database search was
carried out on February 27, 2012. We applied no language
or year restrictions. As one study eligible for our review
only had a Norwegian full text, a bilingual research assistant translated the article.
Search strategy was performed by using search terms
based on the Medical Subject Heading (MeSH) with 24
combinations performed in each database. The terms
weight-control, weight-control behaviour, weight gain,
weight loss, pathogenic weight-control behaviour and
weight-concerns were each combined with elite athlete, young elite athlete, adolescent elite athlete and
elite sports.
Inclusion criteria for the search procedure were that
our search terms appeared either in title or abstract.
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Additionally, studies had to focus on (a) “elite” athletes
(defined as athletes competing at minimum in the national teams of their respective home country and/or
being part of a national selection squad), (b) athletes
still actively competing at time of assessment, (c) young
or adolescent athletes (defined as younger than 25 years
on average including the standard deviation of the sample)
and (d) the terms “weight concerns” or “weight-control
behaviour” as primary outcome variable. Reviews and
meta-analyses were also included. We excluded dissertations and essays.
Two blinded reviewers assessed the abstracts and full
texts independently for inclusion and exclusion criteria.
The inter-rater-reliability was κ =0.80 and 0.82, respectively, reflecting a good to very good agreement. In cases
of disagreement, a common conclusion based on consent could be found.
Results

After excluding duplicates, we found a total of 568 articles
of which 15 were eligible for our review (see flow chart,

Pubmed
n = 548

PsychInfo
n = 412

Figure 1). Thirteen articles looked at “weight-control behaviour” or “pathogenic weight-control behaviour” as the
primary outcome variable; only two articles looked at
weight-control behaviour alone [4,19]. Another two studies
focused on “weight-concerns” as the primary outcome variable [30,31], with one additionally looking at weight-control
behaviour [31]. All studies eligible for inclusion were either
in English or German. Table 1 gives an overview of all articles included in the review (see additional files). All results
presented are significant unless stated otherwise.
Weight-control behaviour in young athletes and
non-athletes

According to cross-sectional cohort studies using questionnaires (e.g. Rapid Weight Loss Questionnaire, Eating
Disorder Inventory) or standardized clinical interviews,
young elite athletes are not more at risk for developing or
showing pathogenic weight concerns or weight-control behaviour than non-athletes [13,30,32-35].
Two studies found no difference between controls and
athletes [30,35]. Arroyo et al. [30] examined 56 elite

Spolit
n = 327

All studies identified on the basis of
search terms
n = 1287

Duplicates
n = 723

Additional references
(identified by snowball procedure)
n=4

All studies potentially relevant on the
basis of search terms
n = 568

Studies excluded because full text did not meet the
following inclusion criteria:
elite athlete (minimum national team level)
athlete actively competing
young/junior/adolescent athlete
competing in the national team
primary outcome variable: weight control or
weight-concern behaviour
n= 546

Studies procured at full length for
evaluation
n = 22*

Studies excluded because full text did not meet the
following inclusion criteria:
elite athlete (minimum national team level)
athlete actively competing
young/junior/adolescent athlete
competing in the national team
primary outcome variable: weight contr ol or
weight-concern behaviour
n= 7

Studies included in review
n = 15

Figure 1 Flow-chart overview of literature search process.

Sports type

Competition
level

Controls

Outcome

Instruments

Results

0

gymnastics,
swimming/ diving

NCAA
Division-I

n/a

WC, WCB

Body Parts
Satisfaction Scale,
Dietary Intent
Scale

No significant difference
between athletes
competing in leanness
and non-leanness sports.

28

28

soccer

Professional
soccer team

age- and BMImatched students;
engagement in
recreational sports
<3hrs/week

WC

Somatomorphic
matrix test

No significant difference
between athletes and
controls

822

822

0

judo

national and
international

n/a

WCB

Rapid Weight
Loss Questionnaire

Athletes were engaged
in several forms of
pathogenic weight
control behaviour. No
gender differences could
be found. An earlier start
of using weight-control
methods leads to more
aggressive variants.

not specified;
only the
swimmers
included
males

132

82

50

synchron. swimming,
non-leanness sports
(basketball, handball,
soccer, volleyball)

national

non-athlete
college students;
no further
elaboration about
their sports
activities

WC, WCB

Canadian-French
version of BodyEsteem Scale,
French version of
Eating Attitudes
Test

Athletes showed more
weight concerns but not
more weight-control
behaviour than controls.
No significant difference
between athletes
competing in leanness
and non-leanness sports.

23 +/− 0.68

males only

10

10

0

baseball, diving, football,
golf, lacrosse, skiing,
swimming

national and
international

n/a

WC, WCB

Qualitative study
using semistructured
interviews

Athletes did show some
weight concerns.

20.16 +/− 1.31

females only

204

204

0

basketball, cheerleading
cross-country, field
hockey, golf, gymnastics,
rowing, skiing, soccer,
softb., swimming,
synchron. swimming,
tennis, track&field,
volleyball

NCAA
Division-I

n/a

WCB

Adapted version
of Questionnaire
of Eating Disorder
Diagnosis, Bulimia
Test-Revised

No significant difference
between athletes
competing in leanness
and non-leanness sports.

Author

Age in years
(mean, SD)

Gender

Sample Sample Sample
size
size
size
total athletes controls

Anderson et al.,
2011 [18]

19.14 +/− 1.86

females only

414

414

Arroyo et al.,
2008 [30]

19.6 +/− 1.3

males only

56

Artioli et al.,
2010 [4]

19.3 +/− 5.3 not
specified according
to gender

607 male,
215 female

Ferrand et al.,
2005 [32]

athletes: 15.4 +/−
1.2 (swimmers)
and 16.5 +/− 0.93
(rest) controls:
16.3 +/− 1.1

Galli et al.,
2009 [47]

Greenleaf et al.,
2009 [19]
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Johnson et al.,
1999 [44]

19.9 20.1 (male),
19.6 (female); no
SD given

883 male,
562 female

1445

1445

0

basketball, tennis, crosscountry, football,
gymnastics, nordic
skiing, swimming,
volleyball, wrestling

NCAA
Division-I

n/a

WC, WCB

Self-created
questionnaire
including
subscales from
EDI-2, Rosenberg
Self-Esteem Scale
and Body
Cathexis Scale

No significant difference
between athletes
competing in leanness
and non-leanness sports.
Female athletes have
more pathogenic weight
concerns and weightcontrol behaviour than
male ones.

Marshall et al.,
1996 [31]

20.8 +/− 3.8
(juniors 17.1 +/−
0.9 and seniors
22.5 +/− 3.2)

not specified

111

111

0

field hockey

national and
international

n/a

WC, WCB

EDI

Athletes did show weight
concerns. No difference
in pathogenic weight
concerns and weightcontrol behaviour in
connection with age.

Martinsen et al.,
2010 [13]

15-16 (range) no
mean given not
specified
according to
gender

athletes: 389
male, 217
female
controls: 197
male, 158
female

961

606

355

EDI-2

Controls used pathogenic
weight-control behaviour
significantly more often
than athletes. Different
reasons for weight
control. No significant
difference between
athletes competing in
leanness and nonleanness sports. Female
athletes have more
pathogenic weight
concerns and weightcontrol behaviour than
male

Parks and Read,
1997 [42]

14-18 (range) no
mean given

males only

74

74

0

Body Esteem
Scale, Body Size
Drawings, Eating
Attitudes Test,
Reason for
Exercising
Inventory

Athletes competing in
leanness sports showed
more pathogenic weight
concerns and weightcontrol behaviour than
athletes competing in
non-leanness sports.

50 different sports types, students at elite age-matched 1st WC, WCB
sport schools,
classified into leanness
year high school
no further
and non-leanness sports
students; no
elaboration
further elaboration
of competition about their sports
level
activities

cross-country running,
football

national

n/a

WC, WCB
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Pietrowsky
and Straub,
2008 [41]

rowers: 22.00 +/− males only
2.00 (heavyweight)
and 22.06 +/− 2.89
(lightweight)
handball: 28.25 +/−
3.91

132

32

rowing

national and
international

females only

146

84

62

swimming, crosscountry, basketball,
volleyball, soccer,
softball, field hockey

NCAA
Division-I

undergraduate
WC, WCB
students; no
further elaboration
about their sports
activities other
than “not athletes
in collegiate
sports”

EDI-2

Controls showed more
weight concerns and
weight-control behaviour
than athletes. Athletes
competing in leanness
sports showed more
pathogenic weight
concerns and weightcontrol behaviour.

athletes: 366
male, 210
female
controls: 122
male, 169
female

867

576

291

26 different sports:
technical, endurance,
aesthetic, weight class,
ball game, power,
antigrav. sports

national and
international

students from
WC, WCB
non-Elite Sports
Schools; no
further elaboration
about their sports
activities

Eating Attitude
Test, Silhouettes

Controls more often
showed a history of
weight-control behaviour
than athletes, only
significant in females.
Athletes competing in
leanness sports scored
higher for weight control
than athletes competing
in non-leanness sports.
Gender differences in
intention.

athletes: 12
male, 12
female

55

24

31

judo

national

random sample
with participants
not training more
than 3hrs/week

WC, WCB

Self-administered
questionnaire,
French version of
Eating Attitudes
Test, Body
Esteem Scale

No significant difference
between athletes and
controls concerning
weight concerns.
Significant difference in
weight-control behaviour.
There was a gender
difference in used
methods and ideal body.

84

84

0

rowing, wrestling

national

n/a

WC, WCB

Self-created
questionnaire,
EDI-2

Athletes did not show
pathogenic weightcontrol behaviour.

non-athletes:
25.56 +/−4.47
(restraint eating
group) and
28.00 +/− 4.29
(unrestraint
eating group)
Reinking and
Alexander,
2005 [33]

Rosendahl et al.,
2009 [34]

athletes:
19.7 +/− 1.1
controls:
20.2 +/− 1.2

14-18 (range) no
mean given
not specified
according to
gender

Rouveix et al.,
2007 [35]

athletes: 16.5 +/−
0.5 (male) and
17.2 +/− 1.1
(female) controls:
21.8 +/− 1.8 (male)
and 20.2 +/− 3.0
(female)

non-athletes;
engagement in
recreational sports
less than once a
month; handball
players from
national team

WC, WCB

Silhouettes similar
Controls and athletes
to the Body Image lightweight rowers had a
Assessment,
more weight concerns if
Three-Factor
hungry, whereas
Eating
heavyweight rowers and
Questionnaire
handball players showed
more weight concerns in
satiety. All athletes
showed weight-control
behaviour.

controls: 17
male, 14
female
Thiel et al.,
1993 [45]

21.1 +/− 2.4

males only

WC = weight concerns, WCB = weight-control behaviour.
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soccer players and 28 age- and BMI-matched non-elite
athlete controls with regard to body perception and satisfaction. In both groups around one fifth desired a
higher weight and a more muscular appearance. The
only difference, though not significant, in perceived body
image between athletes and controls was that the soccer
players perceived their body sizes smaller than the control group. Rouveix at al [35] compared judo athletes
with non-athletic controls. Overall, there were some differences between athletes and controls with regard to
weight concerns. Female athletes were less satisfied with
their actual weight and wanted to have a lower body
weight than their respective controls. Additionally, female athletes had more and higher fluctuations in their
weight. However, all differences in satisfaction and perception were not significant. Nonetheless, the authors
could show a significant difference in weight-control behaviour. They found, that one-quarter of the examined
judo athletes but none of the controls showed a higher
risk for pathogenic weight-control measured with the
Eating Attitudes Test [36].
Three other studies found a higher prevalence of weight
concerns and/or weight-control behaviour in controls than
in athletes [13,33,34]. Martinsen et al. [13] examined 606
elite athletes from 50 different sports types (categorized
into leanness and non-leanness sports) and compared
them with an age-matched control group of 355 high
school students. They found pathogenic weight-control behaviour (defined as use of diuretics, laxatives, vomiting and
diet pills) more frequently in controls than in athletes.
Additionally, there was a different reason for weightcontrol in male subjects: whereas male controls wanted to
improve their appearance, male athletes tried to improve
their performance. Rosendahl et al. [34] looked at weight
concerns in 567 athletes of elite sports schools compared
to 291 non-athlete high school pupils using the Eating Attitude Test [37] and silhouettes for body perception [38].
When looking at disordered eating and dietary experience
as prior weight-control behaviour, athletes scored significantly lower than non-athletes with only the difference between female participants being significant. Reinking and
Alexander (30) examined 84 female NCAA Division I athletes (16 competing in leanness and 68 in non-leanness
sports) and compared them to 62 non-athletes using the
Eating Disorder Inventory 2 [39]. All females had a lower
mean desired body weight with athletes scoring significantly lower on the Body Dissatisfaction subscale
than non-athletes. When assessing the risk for disordered eating, again non-athletes scored significantly higher
than athletes.
One study came partly to the conclusion that athletes
are more at risk for weight concerns but not weightcontrol behaviour [32]: Ferrand et al. compared 42 synchronized swimmers and 40 other athletes competing in
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“non-weight dependant” sports types with a control group
of 50 students using the Canadian-French version of
Body-Esteem Scale [40] and the French version of the
Eating Attitudes Test [36]. Synchronized swimming athletes had more weight concerns than the female control
subjects but showed no difference on weight-control behaviour subscales.
Finally, a study by Pietrowsky et al. [41] with male
light- and heavy-weight rowers from the German national team examined the body dissatisfaction in connection with leanness and muscularity under hunger
and satiety conditions and compared them to handball
players and non-athletes using male body silhouettes.
Their findings are heterogeneous: As a result, the examined athletes struggle with weight problems, control
of eating behaviour and body dissatisfaction, especially
those competing in the lightweight group. This result
varied between the groups as lightweight rowers and
non-athletes had greater body dissatisfaction when hungry, whereas it was the other way round with heavyweight rowers and handball players.
When looking at the data found, several points have to
be considered. All studies included used self-reported measures, which are prone to distortion. Two studies [30,34]
complemented questionnaires with silhouettes to determine athletes’ weight concerns in order to strengthen their
statement. However, the study of Rosendahl et al. raises
major concerns [34]. The authors did not clarify at which
level their “elite” athletes compete, in particular there were
101 athletes described as currently not belonging to a specific team. Additionally, there was no definition of the
sports activities in the comparison group, so that any
comparative conclusions must be drawn with care. Most
worryingly, the two groups (athletes versus non-athletes)
were already significantly different in their basic demographic characteristics. A lack of clear definitions appeared
in two more studies, with neither elaborating what the
control groups’ sports activities were [13,32].
In contrast, the study by Reinking et al. did not clearly
distinguish between their athletes and controls [33]:
43.6% of the control group participated in sports activities
4 times per week and more, which makes the distinctive
feature of the athlete group questionable. Furthermore,
only athletes from one year at one university have been
examined, and these were a “convenience sample”, with
athletes voluntarily joining after an information session,
which may have prevented students with severe weightcontrol behaviours or disturbed body images from participating. It remains unclear, therefore, how generalizable the
results are.
Although the non-athletes in Pietrowsky et al.’s study
were well controlled with regard to their sport activity
(less than once a month) their results must also be
interpreted with care [41]. Only the light- and heavyweight
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rowers were within our category of “young athlete”
whereas the other participants all belonged to older
age groups. This makes comparisons beyond the different rower groups unreliable. A very specific problem
resulted from the sample composition of Ferrand
et al.’s study [32]: One of their subgroups, swimmers,
consisted of female and male athletes whereas the two
other groups were female samples only. Any result
found could thus be due to gender characteristics rather than sports type specific or control group related.
A further weakness of many of the studies was sample
size. For example, both Arroyo et al. and Martinsen
et al. had a substantial difference in group sizes between
athletes and controls, which might distort the results
[13,30]. Two other studies [35,41] only examined very
smalls groups so that it is hard to determine how valid
results are even if relatively specific instruments were
used [35].
Summarizing these data, larger studies in particular
seem to suggest that young elite athletes are not more at
risk for pathogenic weight concerns and weight-control
behaviour than non-athletic controls. Participating in
elite sports might even be a protective factor. However,
due to the overall limited number of studies, with simultaneously dozens of different sport types to be examined
there is not enough data in total. Additionally, several
methodological problems across the different studies
make a clear final conclusion impossible.
Weight-control behaviour in connection with type of sport

Three studies suggest that restrict weight-control is particularly prevalent in leanness-sports defined as sports
emphasising leanness or low body weight (such as aesthetic or endurance sports) [33,34,42]. Reinking and
Alexander [33] could show that within their NCAA
Division I athletes, those competing in leanness sports
scored significantly higher on the sub score for Body
Dissatisfaction than those competing in non-leanness
sports. Equally, athletes from leanness sports had a
lower mean desired body weight than athletes from
non-leanness sports. Parks et al. [42] compared 30 male
cross-country runners with 44 male football players.
They could show a significant difference between these
two groups, with runners expressing more weight concerns and aiming for less weight than footballers who
wanted to if anything gain weight. Rosendahl at al [34]
could show in addition to the comparisons with controls mentioned above that athletes competing in leanness sports scored higher for weight-control behaviour
than those competing in non-leanness sports.
In contrast, four other studies did not find any differences between leanness- and non-leanness sports weightcontrol behaviour [13,18,19,32]. Greenleaf et al. [19] were
looking at 204 NCAA Division I athletes of various sports
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types from 3 different universities using the Questionnaire
for Eating Disorder Diagnosis [43]. As a result, over half of
the athletes (54.4%) were dissatisfied with their weight. The
majority of them wanted to lose weight, on average around
5.9 kg. Additionally, there was a weight fluctuation of more
than 10% within a year in 1/5th (in season) to 1/3rd (out of
season) of the athletes. 25.5% admitted to exercise at least
2 hours a day specifically to reduce their weight, 15.7%
were fasting or on a strict diet for the very same reason.
However, only a small minority indicated purging behaviour: 2.9% reported vomiting 2–3 times/month, another
1.5% taking diuretic medication 2–3 times/month and 1%
using laxatives 1–2 times/week. For all weight concerns
and weight-control behaviours, no difference could be
found between the various types of sports. Ferrand at al
compared weight-concerns in 42 synchronized swimmers
and 40 other “non-weight dependant sports types” (e.g.
basketball, volleyball, soccer), finding no difference [32].
Martinsen et al. [13] in their study with 606 elite athletes
from 50 different sports types showed similar frequencies
of pathogenic weight-control methods such as vomiting,
laxatives, diuretics and diet pills. 11.1% of the female and
2.1% of the male athletes used pathogenic weight-control
methods. When looking at weight concerns and the feeling
of being “too fat”, 24% of the female athletes and 7.5% of
the male ones were dieting now and/or have been on a diet
at least three times before due to this reason. Johnson at al
[44] could show some differences between different types
of sports. However, this was only true in two instances and
with no particular connection to the categories of leanness
and non-leanness sports: In female athletes gymnasts
scored higher on the Drive for Thinness Scale than swimmers and basketball players. Male football players showed
greater body dissatisfaction than gymnasts and crosscountry athletes.
In their study about psychosocial correlates of bulimic symptoms, Anderson et al. used structural equation modelling to test pathways and constructs in 280
NCAA Division I female gymnasts and 134 NCAA Division I female swimmers/divers from 26 universities
[18]. They could show that the level of body dissatisfaction as well as restrictive eating was related to the
amount of experienced pressure from teammates and
coaches. There was no relation between the two components themselves. No difference with regard to type
of sport could be shown.
Looking at weight-dependent sports only, two studies
described methods of rapid weight-control amongst judo
athletes [4,35]. A large survey by Artioli et al. [4] exploring prevalence and patterns of rapid weight loss among
male and female judo competitors shows that most elite
judo athletes (86%) have reduced weight rapidly before
competition. Most of them regained this lost weight
at least partially within one week after competition. The
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average magnitude of weight reduction was around 2-5%
of their body-weight, with some athletes loosing up to 10%
ten times or more in their careers. The fluctuation of
weight was confirmed by a study from Rouveix et al. showing that rapid weight reduction is an inherent part of the
lives of judo athletes [35]. In their study, they could show
that during a season 70% of the athletes lost more than
2.8 kg, primarily by increasing exercises or limiting the
intake of food and fluids. Nearly two thirds limited their
choice of food on a constant basis.
Other studies examined only selected sports types
[31,45] describing the prevalence of weight concerns and
weight-control behaviour in a particular field. Thiel et al.
[45] deliberately chose male athletes of lower weight categories to match them to female athletes from ballet and
dancing previously identified as high-risk groups for
subclinical eating disorders. The majority of athletes did
not score pathologically for weight concerns and weighcontrol behaviour. In particular, there was no difference
between the male rowers and wrestlers. Only if they
formed a subgroup of athletes with the diagnosis of a
subclinical eating disorder based on the EDI-2 [39] Drive
for Thinness subscale scores, did they find a difference
on Body Dissatisfaction scale in comparison to the rest
of the subjects. Marshall at al examined 120 female
Canadian elite field hockey players [31]. In general, only
a very low number of athletes (3.65%) scored pathological
on the Drive for Thinness scale of the Eating Disorder
Inventory, thus indicating a preoccupation with weight.
However, they did find a fivefold higher frequency of
athletes scoring at risk for the Body Dissatisfaction (BD)
scale, which made the authors conclude a higher prevalence
of weight concerns. Interestingly, athletes with high BD
scores could be shown to be indeed heavier and with more
body fat than their colleagues so there might be some truth
in the athletes’ perceptions.
Rouveix et al. included a comparably small sample size
of only 24 athletes [35]. Reinking et al. on the other hand
had a substantial difference in group sizes with only 16
athletes competing in leanness sports as opposed to 68
athletes competing in non-leanness sports [33]. Thiel
et al. also showed a significant difference in the group
sizes of athletes with only 25 wrestlers but 59 rowers,
which further reduce the generalizability of results found
[45]. This study raises additional concern because they
found differences only after creating a subgroup scoring
pathologically for subclinical eating disorders, which
makes their conclusions questionable [45].
In contrast, two studies used large, balanced samples
[4,44]. A specific problem of the study by Johnson et al.
was that large parts of their results were based on a selfcreated, unvalidated questionnaire that had its main
focus on eating disorders [44]. Anderson et al. tried to
make their results more generalizable by using a variety
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of universities to get their sample from which clearly reduces local biases [18]. Again, a lack of clear definitions
made interpretation difficult: Two studies did not state
clearly at which level their athletes competed [32,34]. In
the study of Ferrand et al. [32] only the swimmers were
classified as “elite” whereas the other athletes only were
referred to as “national” ones without any further specification of the competing level. Additionally, the sample
of swimmers consisted of female and male athletes
whereas the two other groups were female samples only.
Two studies did not state clearly how the sample of athletes was collected so it is hard to judge the quality of
each study [35,42,45].
Summed up, the evidence seems to point towards no
higher prevalence of pathogenic weight concerns or
weight-control behaviour in athletes competing in leanness sports. However, this behaviour does seem to be
particularly present in weight-class sports where success is often dependent on the class an athlete is competing in.
Weight-control in connection with gender and age

Although it is suggested that female athletes are more
susceptible to developing eating disorders or at higher
risk for pathogenic weight-control behaviour than male
athletes, one study by Artioli et al. did not find any gender differences [4]. They examined active judo competitors with the Rapid Weight Loss Questionnaire [46].
Their results showed that athletes lose up to 5% of their
weight, mostly in connection with an upcoming competition. Increased exercises and restricted fluid intake
were the favourite methods to lose weight. They did not
find any differences between gender – neither in prevalence nor manifestation of pathogenic weight-control.
Looking at male athletes only, Galli and Reel [47] explored the body image and body enhancing behaviour
of male athletes from various sports types in qualitative
interviews. The findings show that male athletes want
to reduce fat and gain muscle mass, desiring a more
muscular, stronger body. An extreme version is the socalled “muscle dysmorphia”. Patients who suffer from it
perceive their body as too slim or not muscular enough,
even if there is no objective evidence [48]. It is a form
of body dysmorphic disorder and it is referred to as
“reverse anorexia” [49]. As a result of their perception,
patients withdraw from social activities out of shame or
stick to extensive workouts or usage of anabolic drugs
[50]. In Galli’s study there was an interesting finding:
Although 80% expressed some dissatisfaction regarding
their physique and admitted to regularly use bodyenhancing strategies (e.g. dieting, efforts to gain weight),
70% had some positive feelings about their bodies at the
same time. This was mostly expressed as a confidence in
their bodies’ abilities [47]. Clear strength of the study by
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Galli et al. is clearly the insight gained through qualitative
data. However, this also leaves the potential risk of interviewer’s bias.
The majority of studies included in this review did find
a higher frequency of pathogenic weight concerns and
weight-control behaviour in female athletes than in male
ones. Martinsen at al [13] could show in their study that
female athletes have more concerns about their weight
and a higher urge to improve their appearance than
male athletes. Additionally, they used more pathogenic
weight-control methods than their male counterparts.
Johnson et al. [44] examined NCAA Division I athletes
from 11 universities all over the States showing a higher
frequency of some pathogenic weight-control behaviour
in female athletes than in male ones independent of the
type of sport. This was true for vomiting and use of laxatives as well as diet pills over a lifetime. However, no statistically significant difference could be shown for use of
diuretics or steroids. Male athletes, on the other hand,
were using the sauna or steam bath more often than females to lose weight, although this didn’t become significant. In general, female athletes wanted to reduce their
body fat down to a percentage where they would stop
menstruating risking osteoporosis within one year.
Rouveix [35] at al examined 24 judo athletes and came
to mixed conclusions. Nearly two thirds of the athletes
lost more than 2.8 kg over the course of a season with no
gender differences. Most common methods were intensification of exercising and reduction of fluid intake.
There was a gender difference in methods to reduce
weight, though: female athletes fasted significantly more.
Interestingly, athletes reported their parents and society
as equally important sources for the pressure to lose
weight as their own drive to do so. Additionally, there
was a clear gender difference for the ideal body with female athletes desiring a much lower body weight than
male athletes. A definite strength of this study is its clear
definition of the athlete level and a good control of the
comparison group, who did not engage in sports activities more than three times a week.
Another interesting finding with regard to gender differences was found in the study of Rosendahl at al [34]:
50% of the examined female but just 10.1% of the male
athletes wanted to reduce their weight and 19.6% of the
male but just 3.4% of the female athletes wanted to gain
weight. This confirms different mindsets and intentions
behind weight-control behaviour in female and male
athletes.
Only two studies also draw conclusions about the role
of age in pathological weight concerns and weightcontrol behaviour. One study by Artioli et al. suggests
that the earlier in life athletes started reducing weight before competition, the more aggressive they were with respect to their methods [4]. Another study from Marshall
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et al. [31] showed no significant difference in pathological weight concerns and weight-control behaviour between junior and senior field hockey players. However,
both studies have their limitations: Whereas Artioli only
asked athletes retrospectively where memories could be
distorted; Marshall compared two different age groups in
a cross-sectional study. Both did not examine athletes
longitudinally to follow up the same cohort and their
development.
In summary, a number of studies provide evidence for
pathogenic weight-control behaviour in both genders.
The form of pathogenic weight-control behaviour is different in male and female athletes. Whereas female athletes
mostly want to reduce weight and focus on a slim appearance, male athletes mostly want to gain weight through
muscle mass.
Concerning weight-control behaviour in connection with
age, no uniform conclusion can be drawn, as only two
studies looked at it at all. Results are heterogeneous, with
one giving evidence that the age of an athlete starting with
pathogenic weight-control behaviour might play a decisive
role for the prognosis [4] whereas the other does not seem
to see any connection with age [31].
Discussion

To our best knowledge, this is the first systematic review
on weight-concerns and weight-control behaviour in
young elite athletes. It appears that young elite athletes
are engaged in pathogenic weight-control behaviour
despite long-term health being very important for the
development of their sports career and achievement of
peak performance.
Comparing athletes with non-athletes or controls, the
majority of studies, several of which were large scale,
found either no difference or an even lower risk of athletes for pathogenic weight concerns or weight-control
behaviour [13,30,33-35,45]. Only one study could show a
higher prevalence of pathogenic weight concerns but not
weight-control behaviour in athletes [32].
Because of different demands associated with different sports types, we further analysed the studies found
according to clusters. We decided to use the classification into leanness and non-leanness sports for the
sub-analysis of different sports types, as this is a very
common distinction first introduced by Sundgot-Borgen
[51] in connection with eating disorders in elite athletes.
Several of the studies included in our review used this
particular classification. However, we are aware that
there might be additional ways of clustering different
types of sports that were not considered in this review.
Focusing on leanness-sports, three studies give evidence
of a higher prevalence of weight-control problems in
leanness-sports [33,34,42]. However, four other studies
did not find any differences in the prevalence between

Werner et al. Journal of Eating Disorders 2013, 1:18
http://www.jeatdisord.com/content/1/1/18

these two categories [13,18,19,32], and there was no
study in which a higher prevalence of pathogenic weightcontrol behaviour in non-leanness sports could be
shown. Whether leanness-sports are a risk factor for
pathogenic weight-control or whether the higher prevalence is merely due to a selection bias has to be further
investigated.
It was suggested that gender plays an important role
for the prevalence of pathogenic weight-control behaviour. In total, only two studies made a clear statement
about gender with contradictory results: whereas one
study showed no difference between female and male
athletes [4], the other one clearly supported the theory
that female athletes are more engaged in pathogenic
weight concerns and weight-control behaviour [13]. Two
other studies showed mixed results within their different
outcome variables [35,44]. Additional studies focus on
female or male athletes alone, making gender comparison hard. However, they help to get a deeper understanding of gender specific ways to worry about body
shape or weight-control.
Our review had to encounter several problems. In general, difficulties seem to arise when looking at the topic
of pathogenic weight concerns and weight-control behaviour. Specifically, there does not seem to be a clear
common definition of what weight concerns and weightcontrol behaviour are. As a result, a variety of different
measuring instruments are used. This heterogeneity
makes consistent conclusions difficult. In our review, we
included all studies that used these two terms. However,
further research should clarify what these terms comprise exactly to get a better idea of what appropriate
measures might be. Another problem arises with choosing appropriate screening instruments. This is due to the
fact that in some sports types the very same behaviours
can be pathogenic or non-pathogenic depending on circumstances. Normally, screening instruments used are
not specifically designed for or even adapted to athletes
and their specific demands which might incorrectly classify non-pathogenic, functional behaviour as part of a
pathogenic one [25]. Furthermore, the next difficult distinction is the thin line between pathogenic weightcontrol behaviour and eating disorders in elite sports.
This is especially supported by the fact that in leannesssports a very thin look is considered normal, and more
radical forms of weight-control are often accepted by
coaches and athletes [2,6,8,52]. Sundgot-Borgen even described a sport-specific variant of anorexia nervosa referred to as “anorexia athletica”. According to her, female
athletes suffering from it show an intensive fear of
gaining weight or even becoming obese, although the
athlete is not overweight at all. To achieve their individually set ideal weight, these athletes use a variety of pathogenic weight-control techniques [8]. On the other hand,
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it is impossible to deny that for some sport disciplines
a change of body weight is a necessary part of training and competition. Here, it is most crucial to support athletes in losing or gaining weight in a healthy
way. Several organizations and associations have acknowledged this fact and now provide specific guidelines for healthy weight management in elite athletes
[9,53]. However, particularly in elite sports, trainers’
experience and anecdotal knowledge plays an important role when it comes to the management of athletes’
concerns. Therefore it seems crucial to combine the
two sources by providing trainers with additional information about the topic of weight concerns and weightcontrol behaviour in young elite athletes.
Another challenge for this review was the broad heterogeneity of studies. Their sample sizes ranged from 10 to
1445 participants. Some examined groups only consisted
of athletes from a special type of sport, and some had no
control-groups to give evidence of the differences between
athletes and non-athletes Furthermore, results are mostly
based on self-rating questionnaires and no expert interviews. This may have affected the validity, because many
athletes might not answer truthfully or withhold their
pathogenic concerns or weight-control behaviour. When
some studies cooperated with the respective sports association or college, it cannot be excluded that athletes held
back some information, as they might have been scared to
lose privileges within their system. In any case, this would
have only lead to an underestimation of the results found.
Additionally, the methods differ strongly between crosssectional studies with big cohorts and qualitative interview studies with small samples. Whereas, for example,
Johnson et al. examined nearly 1500 athletes from 11 different universities [44], Galli and Reel examined 10 male
athletes over ten in-depth semi-structured interviews regarding body image in male athletes [47]. Both methods
are respectable forms of research but make a comparison
difficult if not impossible. Finally, we can’t exclude publication bias.

Conclusions
Taken together, the examined papers show that there
is some prevalence of pathogenic weight concerns and
weight-control behaviour in elite athletes. However, there
is no certainty that the prevalence is higher than in control
groups. Only in leanness-sports, where athletes are encouraged to be thin for either appearance or performance, the
prevalence of pathogenic weight-control behaviour is
higher in frequency than in non-athletes. The pressure of
competitive sports seems therefore to be a risk factor for
both genders.
Thus, special attention should be paid to athletes in
leanness sports who have experiences with dieting and
who show body- or weight-dissatisfaction.
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Further research is necessary to get a better understanding of the connection between elite sports and
pathogenic weight-control behaviour. This is why our research group examined pathogenic weight-control behaviour, body- and weight-dissatisfaction and subjective
eating concepts in young elite athletes in the “GOALstudy” (“The German Young Olympic Athletes’ Lifestyle
and Health Management Study“) [54] It consisted of a
quantitative and a qualitative part and collected data
from young squad athletes from all Olympic Disciplines
allowing us to perform sub-analysis according to each single discipline. First results show that this combined approach provides comprehensive data [55-58]. In addition,
long-term studies are needed to see what happens if young
athletes stop competing as adults.
Competing interests
The authors declare to have no competing interests.
Authors’ contributions
AW and SZ carried out the literature search and drafted the manuscript. AT,
JM and KEG have made substantial contributions to conception and design,
and interpretation of data. All three have revised the article critically for
important intellectual content. SS has made substantial contributions to
interpretation of data. He has revised the article critically for important
intellectual content. All authors have given final approval of the manuscript
version to be published.
Acknowledgments
We would like to thank Franziska Kocher (Postgraduate Student) for her
initial input and her support in retrieving the articles as well as Clare Blythe
(Research Assistant) for proofreading the manuscript.
Author details
1
Department of Psychosomatic Medicine and Psychotherapy, University
Hospital Tübingen, Osianderstr, 5, 72076, Tübingen, Germany. 2Institute of
Sports Science, Tübingen University, Tübingen, Germany. 3Mannheim
Institute of Public Health, Social and Preventive Medicine, Medical Faculty
Mannheim, Heidelberg University, Mannheim, Germany.
Received: 26 December 2012 Accepted: 15 March 2013
Published: 30 May 2013
References
1. Hagmar M, Hirschberg AL, Berglund L, Berglund B: Special attention to the
weight-control strategies employed by Olympic athletes striving for
leanness is required. Clin J Sport Med 2008, 18:5–9.
2. Dosil J, González-Oya J: Eating disorders and the Athlete’s environment.
In Eating disorders in athletes. Chichester, West Sussex, England: John Wiley
& Sons, Ltd; 2008:41–63.
3. Platen P: Essstörungen und Leistungssport. In Handbuch essstörungen und
adipositas. Edited by Herpertz S, de Zwaan M, Zipfel S. Heidelberg: Springer
Medizin Verlag; 2008:334–340.
4. Artioli GG, Gualano B, Franchini E, Scagliusi FB, Takesian M, Fuchs M,
Lancha AH Jr: Prevalence, magnitude, and methods of rapid weight
loss among judo competitors. Med Sci Sports Exerc 2010, 42:436–442.
5. Brownell KD, Steen SN, Wilmore JH: Weight regulation practices in
athletes: analysis of metabolic and health effects. Med Sci Sports Exerc
1987, 19:546–556.
6. Sundgot-Borgen J: Risk and trigger factors for the development of eating
disorders in female elite athletes. Med Sci Sports Exerc 1994, 26:414–419.
7. Sundgot-Borgen J, Garthe I: Elite athletes in aesthetic and Olympic
weight-class sports and the challenge of body weight and body
compositions. J Sports Sci 2011, 29(Suppl 1):101–114.
8. Sundgot-Borgen J, Torstveit MK: Prevalence of eating disorders in elite
athletes is higher than in the general population. Clin J Sport Med 2004,
14:25–32.

Page 12 of 13

9.
10.

11.
12.
13.

14.
15.
16.

17.

18.

19.

20.
21.
22.
23.

24.
25.

26.

27.
28.

29.

30.

31.
32.

33.

34.

35.

American Academy of Pediatrics: Promotion of healthy weight-control
practices in young athletes. Pediatrics 2005, 116:1557–1564.
Sundgot-Borgen J, Larsen S: Pathogenic weight-control methods and selfreported eating disorders in female elite athletes and controls. Scand J
Med Sci Sports 1993, 3:150–155.
Rosen LWMD, Hough DO, Curley V: Pathogenic weight-control behavior in
female athletes. Physician Sportsmed 1986, 14:79–86.
Rosen LWHD: Pathogenic weight-control behaviors of female college
gymnasts. Physician Sportsmed 1988, 16:141–144.
Martinsen M, Bratland-Sanda S, Eriksson AK, Sundgot-Borgen J: Dieting to win
or to be thin? A study of dieting and disordered eating among adolescent
elite athletes and non-athlete controls. Br J Sports Med 2010, 44:70–76.
American Psychiatric Association: Diagnostic and statistical manual of mental
disorders. 4th edition. Washington (DC): American Psychiatric Press; 1994.
Fogelholm M, Hiilloskorpi H: Weight and diet concerns in finnish female
and male athletes. Med Sci Sports Exerc 1999, 31:229–235.
Patton GC, Selzer R, Coffey C, Carlin JB, Wolfe R: Onset of adolescent
eating disorders: population based cohort study over 3 years. BMJ 1999,
318:765–768.
Stice E, Davis K, Miller NP, Marti CN: Fasting increases risk for onset of
binge eating and bulimic pathology: a 5-year prospective study.
J Abnorm Psychol 2008, 117:941–946.
Anderson CM, Petrie TA, Neumann CS: Psychosocial correlates of bulimic
symptoms among NCAA division-I female collegiate gymnasts and
swimmers/divers. J Sport Exerc Psychol 2011, 33:483–505.
Greenleaf C, Petrie TA, Carter J, Reel JJ: Female collegiate athletes: prevalence
of eating disorders and disordered eating behaviors. J Am Coll Health 2009,
57:489–495.
Sundgot-Borgen J, Torstveit MK, Skarderud F: [Eating disorders among
athletes]. Tidsskr Nor Laegeforen 2004, 124:2126–2129.
Torstveit MK, Sundgot-Borgen J: The female athlete triad: are elite athletes
at increased risk? Med Sci Sports Exerc 2005, 37:184–193.
Jacobi C, Abascal L, Taylor CB: Screening for eating disorders and highrisk behavior: caution. Int J Eat Disord 2004, 36:280–295.
Stice E, Shaw HE: Role of body dissatisfaction in the onset and maintenance
of eating pathology: a synthesis of research findings. J Psychosom Res 2002,
53:985–993.
Thiel A, Mayer J, Digel H: Gesundheit und Spitzensport. Eine sozialwissenschaftliche
Analyse. Schorndorf, Germany: Hofmann; 2010.
Torstveit MK, Rosenvinge JH, Sundgot-Borgen J: Prevalence of eating
disorders and the predictive power of risk models in female elite
athletes: a controlled study. Scand J Med Sci Sports 2008, 18:108–118.
Alderman BL, Landers DM, Carlson J, Scott JR: Factors related to rapid
weight loss practices among international-style wrestlers. Med Sci Sports
Exerc 2004, 36:249–252.
Steen SN, Brownell KD: Patterns of weight loss and regain in wrestlers:
has the tradition changed? Med Sci Sports Exerc 1990, 22:762–768.
Herpertz-Dahlmann B, Wille N, Holling H, Vloet TD, Ravens-Sieberer U:
Disordered eating behaviour and attitudes, associated psychopathology
and health-related quality of life: results of the BELLA study. Eur Child
Adolesc Psychiatry 2008, 17(Suppl 1):82–91.
Moher D, Liberati A, Tetzlaff J, Altman DG: Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med
2009, 6:e1000097.
Arroyo M, Gonzalez-de-Suso JM, Sanchez C, Ansotegui L, Rocandio AM:
Body image and body composition: comparisons of young male elite
soccer players and controls. Int J Sport Nutr Exerc Metab 2008, 18:628–638.
Marshall JD, Harber VJ: Body dissatisfaction and drive for thinness in high
performance field hockey athletes. Int J Sports Med 1996, 17:541–544.
Ferrand C, Magnan C, Philippe RA: Body-esteem, body mass index, and
risk for disordered eating among adolescents in synchronized
swimming. Percept Mot Skills 2005, 101:877–884.
Reinking MF, Alexander LE: Prevalence of disordered-eating behaviors in
undergraduate female collegiate athletes and nonathletes. J Athl Train
2005, 40:47–51.
Rosendahl J, Bormann B, Aschenbrenner K, Aschenbrenner F, Strauss B:
Dieting and disordered eating in German high school athletes and nonathletes. Scand J Med Sci Sports 2009, 19:731–739.
Rouveix M, Bouget M, Pannafieux C, Champely S, Filaire E: Eating attitudes,
body esteem, perfectionism and anxiety of judo athletes and
nonathletes. Int J Sports Med 2007, 28:340–345.

Werner et al. Journal of Eating Disorders 2013, 1:18
http://www.jeatdisord.com/content/1/1/18

36. Leichner P, Steiger H, Puentes-Neuman G, Perreault M, Gottheil N:
[Validation of an eating attitude scale in a French-speaking Quebec
population]. Can J Psychiatry 1994, 39:49–54.
37. Garner DM, Olmsted MP, Bohr Y, Garfinkel PE: The eating attitudes test:
psychometric features and clinical correlates. Psychol Med 1982, 12:871–878.
38. Gutezeit G, Marake J, Wagner J: [Effect of ideal body image on self
assessment of the true body image in childhood and adolescence]. Prax
Kinderpsychol Kinderpsychiatr 1986, 35:207–214.
39. Gardner D: Eating disorder inventory 2: professional manual. Odessa: Psychol
Assess Res; 1983.
40. Beaudoin CS-MD, Bottamini G: Traduction et validation canadienne-francaise
d’une echelle portant sur l’estime de son corps. Avante 2011, 9:15–20.
41. Pietrowsky R, Straub K: Body dissatisfaction and restrained eating in male
juvenile and adult athletes. Eat Weight Disord 2008, 13:14–21.
42. Parks PS, Read MH: Adolescent male athletes: body image, diet, and
exercise. Adolescence 1997, 32:593–602.
43. Mintz LB, OHalloran MS, Mulholland AM, Schneider PA: Questionnaire for
eating disorder diagnoses: reliability and validity of operationalizing
DSM-IV criteria into a self-report format. J Couns Psychol 1997, 44:132–132.
44. Johnson C, Powers PS, Dick R: Athletes and eating disorders: the National
Collegiate Athletic Association study. Int J Eat Disord 1999, 26:179–188.
45. Thiel A, Gottfried H, Hesse FW: Subclinical eating disorders in male
athletes. A study of the low weight category in rowers and wrestlers.
Acta Psychiatr Scand 1993, 88:259–265.
46. Artioli GG, Scagliusi F, Kashiwagura D, Franchini E, Gualano B, Junior AL:
Development, validity and reliability of a questionnaire designed to
evaluate rapid weight loss patterns in judo players. Scand J Med Sci
Sports 2010, 20:e177–e187.
47. Galli N, Reel JJ: Adonis or Hephaestus? Exploring body image in male
athletes. Psychology of Men & Masculinity 2009, 10:95–108.
48. Pope HG Jr, Gruber AJ, Choi P, Olivardia R, Phillips KA: Muscle dysmorphia.
An underrecognized form of body dysmorphic disorder. Psychosomatics
1997, 38:548–557.
49. Pope HG Jr, Katz DL, Hudson JI: Anorexia nervosa and “reverse anorexia”
among 108 male bodybuilders. Compr Psychiatry 1993, 34:406–409.
50. Pope CG, Pope HG, Menard W, Fay C, Olivardia R, Philips KA: Clinical features of
muscle dysmorphia among males with body dysmorphic disorder. Body
Image 2005, 2:395–400.
51. Sundgot-Borgen J: Prevalence of eating disorders in elite female athletes.
Int J Sport Nutr 1993, 3:29–40.
52. Smolak L, Murnen SK, Ruble AE: Female athletes and eating problems: a
meta-analysis. Int J Eat Disord 2000, 27:371–380.
53. Turocy PS, DePalma BF, Horswill CA, Laquale KM, Martin TJ, Perry AC,
Somova MJ, Utter AC: National Athletic Trainers’ Association position
statement: safe weight loss and maintenance practices in sport and
exercise. J Athl Train 2011, 46:322–336.
54. Thiel A, Diehl K, Giel KE, Schnell A, Schubring AM, Mayer J, Zipfel S, Schneider S:
The German Young Olympic Athletes’ lifestyle and health management
study (GOAL study): design of a mixed-method study. BMC Public Health
2011, 11:410.
55. Schneider S, Weiss M, Thiel A, Werner A, Mayer J, Hoffmann H, Diehl K:
Body dissatisfaction in female adolescents: extent and correlates. Eur J
Pediatr 2013, 172(3):373–384.
56. Diehl K, Thiel A, Zipfel S, Mayer J, Schnell A, Schneider S: Elite adolescent
athletes and Use of dietary supplements: characteristics, opinions, and
sources of supply and information. Int J Sport Nutr Exerc Metab 2012,
22(3):165–174.
57. Schneider S, Diehl K, Bruhmann B: [Do boys suffer injury more often than
girls in sport?]. Gesundheitswesen 2012, 74:234–235.
58. Diehl K, Thiel A, Zipfel S, Mayer J, Schneider S: Substance use among elite
adolescent athletes: Findings from the GOAL Study. Scand J Med Sci
Sports 2012. doi:10.1111/j.1600-0838.2012.01472.x. Epub ahead of print.
doi:10.1186/2050-2974-1-18
Cite this article as: Werner et al.: Weight-control behaviour and weightconcerns in young elite athletes – a systematic review. Journal of Eating
Disorders 2013 1:18.

Page 13 of 13

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

