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Abstract

Purpose Examine the prevalence and potential relationships among food addiction (FA)—as measured by Yale Food Addic-
tion Scale 2.0 (YFAS 2.0), eating disorders (ED)—as measured by Eating Disorder Diagnostic Scale (EDDS)—and exercise
dependence (EXD)—as measured by Questionnaire to Diagnose Exercise Dependence in Endurance Sports (FESA), for the
first time worldwide, in amateur endurance athletes.

Methods A total of 1022 German-speaking endurance athletes (44% male, @ 36 years, @ BMI 23 kg/m?) replied to an online
questionnaire consisting of demographics, related parameters, and the German versions of YFAS 2.0, EDDS, and FESA.
Results Prevalence of FA, ED, and EXD was 6.2, 6.5, and 30.5%. The probability for FA increases with BMI, thoughts about
food and EXD score, and decreases with age and when an ED is present. People with FA and people with ED vs. people
with both, FA&ED, differed significantly in this cohort. Strong significant relationships were found between FA and EXD
X?(1)=15.117, p<0.001, n=1022).

Conclusions A considerable number of amateur endurance athletes may suffer from FA. The association between FA and
EXD is stronger than between ED and EXD, indicating FA as a potentially more relevant subject—than ED—for prevention
or therapy in people with EXD. Further studies are needed to investigate parameters and relationships between the possibly
involved types of ED, FA, and EXD.

Level of evidence Level I1I, well-designed cohort analytic study.

Keywords Food addiction - Yale Food Addiction Scale 2.0 - Eating disorders - Eating Disorder Diagnostic Scale - Exercise
dependence - Amateur endurance athletes

Introduction
The concept of food addiction

The concept of ‘Food Addiction’ (FA) has gained much
research and clinical attention. Specifically, similarities in
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food intake and consumption of drugs of abuse have led to
the theory that some naturally non-occurring, highly pro-
cessed foods with added fats and/or refined carbohydrates
may possess an addictive potential (e.g., biscuits, chocolate,
pizza; [1-3]). The substance dependence diagnostic criteria
from DSM-5 [4] were applied to food, and the phenomenon
of addictive-like eating was named ‘FA’ [1]. However, little
consensus exists regarding etiology, clinical presentations,
biomarkers and physiological explanations, and effective
treatment approaches [5]. Moreover, confusion exists con-
cerning whether FA more closely represents an emerging
form of behavioral addiction [6], food-type specific form
of chemical dependence [7], or an emerging subtype of a
clinical eating disorder (ED; the term ED refers to a clini-
cal eating disorder) [8]. A significant amount of substance
dependence diagnostic criteria, according to DSM-5 [4],
seem to be similar to those criteria meeting for ED, like
binge-eating disorder (BED; [9]. Therefore, a potential over-
lap of 50-95% between FA and ED has been hypothesized
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[10-12]. However, the character of the potential overlap
remains unclear [10—14]. Thus, distinguishing similarities
and differences among FA from established criteria for
the different types of ED is of both clinical and research
importance.

Eating disorders in athletes

The prevalence of all EDs (e.g., Anorexia Nervosa, Bulimia
Nervosa) is 3-5% in Germany [15]. Athletes represent a
group that is at elevated risk for specific types of ED, such
as Anorexia Nervosa [16]. The prevalence of ED in elite
athletes varies from 6 to 45% in female and from 0 to 19% in
male elite athletes [16]. Especially in leanness- and weight-
dependent sports, like endurance sports, elevated rates of
ED can be found [17, 18]. For this reason, athletes represent
a good group to find out potential associations between ED
and FA.

Exercise dependence in athletes

In general, physical activity is seen as a positive behavior
with favorable effects on health. Nevertheless, the positive
benefits of exercise can have detrimental effects when taken
to excess [19] and become a compulsive behavior with
harmful consequences to the individual [20]. In addition
to the higher prevalence of ED in athletes, some athletes,
especially endurance athletes, comprise a group which is
furthermore at higher risk for harmful excessive exercise,
the so-called exercise dependence (EXD) [21]. Prevalence
for EXD is 0.5-3.5% in the general population [22] and up
to>50% within triathletes [23]. Some research groups also
describe pathological excessive exercise as ‘exercise addic-
tion’ [24-32]. Prevalence for exercise addiction is 0.3-42%
in various samples [25, 30]. Both terms, EXD and exercise
addiction may in fact represent a similar, or even the same,
phenomenon of pathological excessive exercise [33, 34]. To
simplify it in this paper, only the term ‘EXD’ is used, which
most likely describes both EXD and exercise addiction.
Basically, athletes, especially endurance athletes, are
obliged to perform excessive amounts of sport to improve
their athletic performance. That may be why it is difficult to
detect the line between healthy extreme exercise and patho-
logical excessive exercise. Furthermore, especially in endur-
ance sports, many athletes are similar to individuals with
specific forms of ED, e.g., Anorexia Nervosa, in that they
maintain a low body weight and low body fat mass, although
they are generally otherwise healthy with healthy eating hab-
its. Thus, a distinction between healthy exercise, as well as
healthy eating habits, and unhealthy body size and athletic
exercise that possibly indicated disordered eating is difficult
to identify. For example, the simple carbohydrates required
to fuel endurance-type athletic events may be similar to the
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patterns of eating defined as FA and foods and quantities
typically consumed during objective binge episodes. There-
fore, there is the potential for the development of FA in this
unique population that is also at-risk for EXD [19] and ED
[16]. To date, the relationships among these risks have not
been examined. For this reason, athletes represent a good
group to find out potential associations between EXD, ED,
and FA.

Known links between ED and EXD in athletes

Previous studies have already found potential links between
ED and EXD [35, 36]. Research suggests similarities in eti-
ology for excessive exercise and eating disordered attitudes
and behaviors [37, 38]. The prevalence of excessive exer-
cise was found to be nearly 40% in patients with specific
forms of ED [39]. Excessive exercise was also associated
with greater severity of ED symptoms [39]. Meyer and col-
leagues proposed that a persistent drive for physical activ-
ity represents one significant characteristic of many eating
disordered patients [20]. Moreover, pathological attitudes
and cognitions about exercise (e.g., EXD) may best explain
the exercise and ED association [19, 28, 33, 40]. Several
studies have found that EXD may be a potential mediator of
the exercise and ED association in individuals with ED [33,
41, 42]. Reduced EXD symptoms have also been associated
with ED symptom reduction [19, 43, 44], thus suggesting
a common etiological function. Nevertheless, it is not yet
examined which types of ED patients are most vulnerable
for EXD. Nor was it examined whether FA, as a possible
subtype of an ED [8], could be linked to EXD.

Purpose of the study

The severe nature of the observed association between ED
and EXD warrants further research on specific populations
that may experience ED and EXD [20, 45]. A potential rela-
tionship between ED, EXD, and in particular FA has not yet
been investigated in amateur endurance athletes. Therefore,
the purpose of this study was threefold. First, we attempt
to establish prevalence of FA, ED, EXD, and predictors of
FA in a population that is known to be at-risk for ED. Sec-
ond, as FA and ED may overlap, we attempt to discern the
association among FA and ED. Third, as FA and EXD both
represent addictive-like disorders and addictions highly co-
occur; we hypothesized that the co-occurrence of FA and
EXD will be stronger than that of EXD and ED.

The work is of clinical relevance, as the relationships
between ED, EXD, and FA may offer new insights in pre-
vention and therapy of these often co-existing phenomena.
If the pathological eating should represent an FA rather than
an ED, a new addiction therapy approach could be developed
to achieve better therapeutic outcomes for the often severely
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affected individuals. The work is also important for athletes
and coaches, as they need to be aware of the seriousness of
harmful excessive behavior accompanied by strong physical
change in team members or fellow athletes. Coaches may,
thus, suggest addiction therapy for those affected. It is also
important that the athlete oneself is aware of the problem-
atic relationship between excessive exercise and pathological
eating and that highly processed foods may have detrimental
effects for athletes.

Materials and methods

Our study used online data collection for a cross-sectional
examination of the potential associations among FA—as
measured by Yale Food Addiction Scale 2.0 (YFAS 2.0),
ED—as measured by Eating Disorder Diagnostic Scale
(EDDS) and EXD—as measured by Questionnaire to Diag-
nose Exercise Dependence in Endurance Sports (FESA) in
a sample of endurance athletes.

Participants

A total of 1204 German-speaking men and women com-
pleted on a voluntary basis an online questionnaire through
a secure online data collection website (e.g., https://www.
soscisurvey.de). Informed consent was given by all partici-
pants and all procedures performed were in accordance with
the ethical standards of the institutional research committee
(Ethics Commission of the University Medicine Gottingen)
and with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.

The participants were recruited via an online link
which was distributed through an email listserv among
sports clubs throughout Germany (especially Bavaria,

Baden-Wuerttemberg, Lower Saxony, and Hesse), Ger-
man Facebook groups for athletes (e.g., Runner’s World
Deutschland, Challenge Roth, and Achim Achilles) and
word-of-mouth recommendations, reposts, and forwarding
among the participants. Participation was limited to indi-
viduals aged of at least 18 years.

Previous research has found that endurance athletes at-
possible-risk for exercise dependence must engage in at least
4 h of exercise per week [46]. Therefore, all participants who
self-reported less than 4 h of exercise per week and data
sets with missing or implausible data (e.g., body weight of
12 kg) were excluded, resulting in a sample of 1022 Ger-
man-speaking participants, further referred to as amateur
athletes. No further restrictions, e.g., type of sports or race,
were applied, because race/cultural origin do only play a
minor role in Germany and are, therefore, little significant
in Germany. Anthropometric data of the sample are listed
in Table 1. More than 80% of the participants self-reported
regular participations in athletic competitions, events, or
contests. Overall mean body mass index (BMI) for our sam-
ple was 23 kg/m>.

Measures

The online survey contained questions on demographics,
screening measures and the three following questionnaires
which were used in their German versions:

Demographics and screening measures

Demographic data were collected following the three ques-
tionnaires. These were: sex, age, body weight, body size,
highest body weight, absence of menstruation (in women),
main discipline, competition, hours of exercise per week,
years of exercise practiced, importance of exercise, and

Table 1 Demographics and
screening measures of study
population (n=1022)

Variable

Mean, median, standard deviation, and minimum
and maximum of study variables

Sex

Age (years)

BMI (kg/m?)

Highest body weight (kg)

Absence of menstruation (in women)

Main discipline

Participation in competition (yes—no)

Hours of exercise per week
Years of exercise practiced
Importance of exercise
Number of diseases
Thoughts about food (%)

43.6% male, 56.4% female

36.44 (x =35.00; SD=18.88; 18-78)

22.83 (x =22.32; SD=3.06; 14.71-45.78)

(X =6.00; SD=9.38; 0-64)

11.3% (n=115), 4.26 (X =2.00; SD=6.78; 0-40)

60.8% running, 9.2% triathlon, 8.2% cycling,
7.1% fitness, 5.2% team sports, 9.5% other

81.6% (yes), 18.4% (no)

7.85 (x =7.00; SD=3.73; 4-28)
10.96 (x =8.00; SD=9.44; 1-70)
7.82 (x =8.00; SD=1.20; 1-10)
0.29 (x =0.0; SD=0.60; 0-4)

22.16 (x =18.00; SD=18.925; 0-90)

@ Springer


https://www.soscisurvey.de
https://www.soscisurvey.de

1576 Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2020) 25:1573-1582

thoughts about food and number of diseases. The BMI was
afterwards calculated by the authors.

Yale Food Addiction Scale 2.0 (YFAS 2.0)

The Yale Food Addiction Scale 2.0 [47] is a 35-item self-
report questionnaire, which applies the Diagnostic and Sta-
tistical Manual of Mental Disorders (5th version, DSM-5
[4] criteria for substance-related and addictive disorders
(SRAD; e.g., tolerance, withdrawal, etc.) to the consumption
of foods. It is the only validated instrument to operationalize
addictive-like eating behavior in humans. The threshold for
an YFAS 2.0 FA is met by endorsing two or more of the 11
DSM-5 SRAD criteria, plus showing clinically significant
distress or impairment. The outcome measure for the YFAS
2.0 is the number of symptoms endorsed (0—11). Within
the validation study by Gearhardt et al., the YFAS 2.0 has
demonstrated internal reliability (¢=0.90) and convergent
validity with other measures of problematic eating [47]. The
YFAS has been translated to German [48].

Questionnaire to diagnose exercise dependence
in endurance sports (Fragebogen zur Erfassung des
Sportverhaltens bei Ausdauersportlern; FESA)

The questionnaire to Diagnose Exercise Dependence in
Endurance Sports [46] measures EXD via 16 items on a
seven-point Likert scale. It includes the following five fac-
tors: expected positive consequences, interference with
social life, health, withdrawal symptoms, and exercise as a
possibility to compensate for psychological problems. The
FESA is a new tool to screen and categorize athletes into
three groups: committed to exercise, focused on exercise,
and at—possible—risk of EXD. The validation study in
314 German endurance athletes showed satisfying internal
consistency (a=0.643-0.808) and model fit (Standardized
Root-Mean-Square Residual: 0.045; Root-Mean-Square
Error of Approximation: 0.035; Comparative Fit Index:
0.975; Tucker Lewis Index: 0.986) [46].

Eating Disorder Diagnostic Scale (EDDS)

The Eating Disorder Diagnostic Scale is a 22-item brief self-
report questionnaire. It may separate between potential risks
for anorexia nervosa, bulimia nervosa, binge-eating disorder,
or eating disorders not specified [49]. Response formats vary
from Likert to yes—no, frequency and write-in formats, to
assess all DSM-IV diagnostic symptoms for the three ED
[50]. The scale is reliable (r=0.87) and internal consistent
(mean a=0.89). According to the development of the fifth
version of DSM [4], the EDDS was adapted and resulted in
a 23-item scale, which was translated in German language
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[51]. The outcome measure for the EDDS is the presence or
absence of an ED (yes—no).

Procedure

All study measures were completed through a secure online
data collection website (e.g., https://www.soscisurvey.de).
The webpage reached 10,756 clicks within the month of the
survey. A total of 1204 people completed the full question-
naire in this period of time, resulting in a sample of 1022
participants who exercise at least 4 h per week, and were
referred to as amateur athletes.

Statistical analyses

Data were analyzed using SPSS 24 and 25. Descriptive
analyses include mean, median, standard deviation, and
minimum and maximum of study variables. Prevalence was
assessed using syntax of YFAS 2.0, EDDS, and FESA. To
test the relationship between the binary dependent variable
FA (yes/no) and independent demographic, eating, and ED
and EXD-related variables (e.g., predictors), a binary logis-
tic regression analysis was conducted. To test potential over-
laps or differences between FA (binary) and ED (binary), a
one-way ANOVA with Bonferroni post hoc tests was con-
ducted for the groups FA, ED, and FA&ED. A power cal-
culation showed a power of 0.998. Relationships between
FA (binary) and EXD (binary) and between EXD (binary)
and ED (binary) were assessed via Chi-squared tests and
Fisher’s exact test.
This analytic approach allowed us to evaluate:

1. the prevalence and frequencies of possible risks for FA,
ED, and EXD;

2. potential predictors of FA;

3. potential differences between people with FA and people
with ED; and

4. possible associations between FA and EXD and between
ED and EXD in German-speaking amateur endurance
athletes.

Results

Prevalence and frequencies of potential risks
for YFAS 2.0 food addiction, EDDS eating disorders,
and FESA exercise dependence

Table 2 shows prevalence, frequencies of potential risks
for YFAS 2.0 food addiction, EDDS eating disorders, and
FESA exercise dependence and additional variables. Fig-
ure 1 shows the frequency of occurrence of FA, ED, and
EXD in the whole sample.
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T.able 2 Prevalence of potential Variable Prevalence (1) Additional variables
risks for FA, ED, and EXD and
additional variables (n=1022) FA 6.2% (n=63) Mean symptom count=0.92 (SD=1.98, range =0-11)
ED 6.5% (n=66) Variants of ED:
Men: 2.7% 0.7% anorexia nervosa
Women: 9.4% 2.5% atypical anorexia nervosa
2.3% bulimia nervosa
0.3% binge-eating disorder
0.7% night-eating syndrome
EXD 30.5% (n=312) Mean score=24.124 (SD 4.09, range 12-38)

Prevalence rate
(n=1022)
35.0

30.5
30.0

25.0

20.0

15.0

10.0 6.2 6.5
0.0 T

food addiction

eating disorder exercise dependence

Fig. 1 Prevalence rate of food addiction, eating disorders, and exer-
cise dependence

Potential predictors of FA—logistic regression
analysis

A logistic regression analysis revealed that the model
(X?=122.413, df (12), p<0.001, n=1022) was significant.
The explained variance was 45.2% (R-square according to
Nagelkerke =0.452). The Wald test revealed that the predic-
tors (age, BMI, thoughts about food, and presence of an ED
and EXD total score) were significant, with no significant
influence of sex, number of diseases, absence of period,
years of sports, participation in competitions, importance
of sports, and hours of sports per week. The probability of
arisk for FA increases by 14.1% with each unit of BMI, by
2.5% with each percentage of thoughts about food, by 15.3%
with each unit of EXD score, and decreases by 5.7% with
age and by 93.2% with presence of an ED:

Differences between people with FA and people
with ED

One-way ANOVA with Bonferroni post hoc tests were con-
ducted to determine differences between people with FA
(n=31), people with ED (n=34), and people with FA&ED
(n=32). The three sub-groups differed significantly in the
variables sex and number of symptoms, with no difference
in age, BMI, absence of menstruation, thoughts about food,
years of sports, participation in competition, importance of
sports, and hours of sports (Table 3).

One-way ANOVA showed that all three sub-groups dif-
fered significantly in the following variables: amount of
thoughts about food (% per day) (F(2,93)=4.284, p <0.05,
n=95) and number of diseases (¥(2,94)=3.906, p <0.05,
n=96). Bonferroni post hoc tests showed that the differences
occurred between the following groups:

e FA vs. FA&ED: thoughts about food M(FA)=36.03),
M(FA&ED)=151.94), p <0.05); number of diseases
M(FA)=0.42, M(FA&ED)=0.97, p <0.05),

e ED vs. FA&ED: thoughts about food M(ED)=37.71),
M(FA&ED)=51.94), p=0.05).

There was no significant difference for age, BMI, years of
sport, and importance of sport and hours of sport per week
between the groups.

Logit =—6.173 4+ 0.911 * sex—0.058 * age + 0.132 %= BMI + 0.412 % amount of diseases
+ 0.803 x absence of menstruation + 0.025 * thoughts about food

+ 0.028 * years of sports + 0.930 = participation in competitions—0.051 importance of sports
—0.100 * hoursof sports — 2.682 x ED_binary + 0.142 % EXD score.
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Table 3 Significant differences between the three sub-groups people with FA, people with ED, and people with FA&ED (n=97)

Variables Significant difference People with FA (n=31) People with ED (n=34) People with FA
and ED (n=32)

Sex (»<0.05) 9 male, 22 female 10 male, 24 female 2 male, 30 female

Age (n.s.)

BMI (n.s.)

Absence of menstruation (n.s.)

Number of diseases (»<0.05) 18 none, 13 >one 23 none, 11 >one 14 none, 18 >one

Thoughts about food (n.s.)

Years of sports (n.s.)

Participation in competition (n.s.)

Importance of sports (n.s.)

Hours of sports (n.s.)

Associations between FA and EXD, and between ED
and EXD

A significant relationship between FA and EXD
(X2(1)= 15.117, p<0.001, n=1022, Fisher’s exact test:
p <0.001) was observed (CC=0.121, p<0.001, Cramers
V=0.122, p<0.001).

A significant relationship between EXD and ED
(X*(1)=10.727, p<0.01, n=1022 Fisher’s exact test:
p<0.01) was observed; however, this relationship was
not very strong (CC=0.102, p<0.01, Cramers V=0.102,
p<0.01).

Discussion

Prevalence and frequencies of potential risks
for YFAS 2.0 food addiction, EDDS eating disorders,
and FESA exercise dependence

YFAS 2.0 food addiction

Prevalence of FA was comparable to a representative study
within the German population (7.9%; [52] and within the
range of previous population studies (5-10%; [53-55]),
indicating that amateur endurance athletes represent a group
which is at comparable possible risk for FA as the general
population. This finding is important, because most endur-
ance athletes naturally need large quantities of high-energy
food, often with high amounts of added fat/sugar, to fuel
their high-energy requirements and/or maintain or improve
athletic performances. In non-athletes, these high-fat, high-
sugar foods appear to be particularly associated with FA
[3]. Most athletes (>90%), nevertheless, do not suffer from
FA. However, it seems that there are a small proportion of
athletes who suffer from a loss of control over and effort
to an unsuccessful cut-down on eating. These athletes may
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develop problems managing a balanced caloric intake and
thereby be at increased possible risk for FA. Our results sug-
gest that there are a sizable proportion of vulnerable athletes
who shows pathological eating behavior and may be in need
of intervention. Conversely, it is possible that the YFAS
2.0 may not be feasible for normal weight athletes, as the
YFAS was first developed to explain the rising prevalence
rates of obesity in obese individuals [1]. Further research
is needed to examine the impact of high amounts of high
density foods, i.e., foods containing large amounts of simple/
complex carbohydrate and fat in this unique population.

EDDS eating disorders

The prevalence of ED—as measured by EDDS—was with
6.2%, as expected, higher in this sample of athletes than
in the European general population (~1%) [56]. Preva-
lence of ED in athletes ranks between O and 45% [16, 17].
The current study results fit within this range. According
to Sundgot-Borgen and Torstveit, athletes diet and use
extreme weight control methods to increase performance
[17] as extra body weight can limit performance [57]. This
can result in pathological eating. Our study confirms that
still today, German endurance athletes represent a popula-
tion that is at increased risk for ED.

FESA exercise dependence

The prevalence of EXD—as measured by FESA—was
30.5% which is higher in this athlete sample than in the
general population (0.5-3.5%) [22]. This was an expected
result as most of the current participants were performance-
oriented endurance athletes (triathletes and runners) and
these athletes are among the risk-takers for EXD [58, 59].
Thus, the prevalence of EXD was comparable to earlier
results in studies of athletes, which rank up to 50% [23]. Our
study, therefore, confirms that endurance athletes represent
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a population that is at increased potential risk for EXD and
warrants further research attention with a special focus on
prevention and therapy.

Predictors of FA—Ilogistic regression analysis

Our study replicates findings of a higher vulnerability of FA
in people with lower age [52, 55] and higher BMI [52, 54,
60]. The study, however, failed to report significant results
for sex. This may be due to the relatively small number of
people with FA with 63 affected compared to the total sam-
ple of 1022 participants. The results indicate a higher level
of eating-related psychopathology in people with FA com-
pared to people without FA [61], with a higher percentage
of daily thoughts about food. Furthermore, a higher score of
EXD increases the possible risk for FA, which may point to
an association between FA and EXD; but interestingly not
with FA and ED, as the presence of ED reduces the possible
risk for a FA. Our results show that FA is more common in
people with EXD than in people with ED. This may be due
to the fact that people who are suffering from one addictive
disorder (EXD) have an increased potential risk for addic-
tive comorbidities (FA; [62]). Endurance exercise and eat-
ing are closely connected, since on one hand a sufficient
energy supply and on the other hand a low body weight
are necessary for the best performance. This can result in
a vicious circle of high amounts of exercise and pathologi-
cal eating. The reduced potential risk for FA when an ED
is present may point to more distinct than shared param-
eters between the two constructs FA and ED. No significant
influence of the number of comorbidities and the absence
of period (in women) on FA was found. FA is not character-
ized by a high weight loss and a low body weight, which is
often followed by absence of period/amenorrhea in women
and the so-called athletes-triad and further comorbidities.
In FA, however, absence of period and comorbidities does
not seem to play an important role, which may further dis-
tinguish FA from ED, because amenorrhea and comorbidi-
ties do play a role in specific forms of ED, e.g., Anorexia
Nervosa [63-66].

Furthermore, the presence or absence of FA was not
related to the years of practiced sports, the participation
in competitions, the importance of sports, and the hours of
sports per week, indicating that exercise-related variables
may not explain FA in endurance amateur athletes and are
potentially negligible when it comes to FA in this group of
athletes.

Differences between people with FA and people
with ED

The one-way ANOVA with post hoc test indicate that FA
and ED may represent different phenotypes of disordered
eating with differences in eating pathology, e.g., thoughts
about food and number of comorbidities. This result points
out that FA may differ from ED, in the population of ath-
letes. Consequently, addictive-like eating behavior may rep-
resent a new option in the prevention and therapy of disor-
dered eating in athletes. However, demographics, e.g., sex,
age, and BMI and exercise-related parameters, e.g., hours of
exercise per week, do not differ significantly between FA and
ED. Even the binary regression ("Predictors of FA—Ilogistic
regression analysis" section) on FA showed no differences
for sex and exercise-related parameters. This may indicate
that FA and ED may share demographic parameters, and in
endurance athletes also similar patterns of exercising, but
distinct variables of eating pathology. Shared demographics
are also found in specific types of ED, as young females in
endurance sport are at elevated risk for EDs [17, 57, 67-69].

Associations between FA and EXD and between EXD
and ED

The probability of FA increased with an underlying
EXD. The relationship is stronger for FA and EXD (X2
(1)=15.117, p<0.001, n=1022; CC=0.121, p <0.001,
Cramers V=0.122, p <0.001) than for ED and EXD (X2
(1)=10.727, p<0.01, n=1022; CC=0.102, p<0.01,
Cramers V=0.102, p <0.01). The relationship between
EXD and ED has often been confirmed in previous studies
[33, 39, 41]. Nevertheless, our study shows that the rela-
tionship between ED and EXD may be more complex than
previously reported in the literature. The disordered eating
behavior in athletes can potentially be better explained
by addictive-like eating behavior than by classical eating
disorders. This assumption could be supported by the fact
that addictions often co-occur [62].

Limitations

The study was carried out online; therefore, the informa-
tion provided is all self-declaration. Self-report question-
naires and self-report anthropometric data cannot be used
to draw up diagnoses (e.g., for eating disorders), and these
measures permit at best the examination of ‘a possible or
potential risk of FA or ED’, which in no way means the
‘diagnosis of FA or ED’. A valid diagnosis of FA or ED
requires clinical evaluation as well as administration of
questionnaires [4]. Future clinical studies are needed to
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assess ED and to further define the concept of FA [70].
Furthermore, self-report data are not indicative of the
true parameters of a person (e.g., body composition).
Furthermore, they are limited in their significance, espe-
cially in persons with eating disorders. Nonetheless, the
BMI, which has been calculated using the data on body
weight and body size provided, is considered as a valid and
appropriate assessment method in online surveys [71]. An
online survey was selected for a variety of reasons, e.g.,
the availability of a sufficient number of performance-ori-
ented endurance athletes throughout Germany. Validated
instruments were used to ensure comparability with previ-
ous studies.

Critique of measures

However, clinical assessments are needed to more accurately
assess all variables included in this study and to clinically
diagnose eating disorders which in turn can contribute to
a higher significance of the detected relationships between
disordered eating and excessive exercising.

Conclusion

Athletes are at increased risk of ED; this study, however,
is one of the first to investigate the presence of FA in an
athlete sample. This study demonstrates that some amateur
endurance athletes may suffer from FA (6.2%) and that FA
is not only prevalent in overweight or obese people, but
also in amateur endurance athletes. The disordered eating
behavior in athletes can potentially be better explained
by addictive-like eating behavior than by classical eating
disorders. Furthermore, the results highlight the possible
relationships between FA and EXD, which is stronger than
between ED and EXD, indicating a relevant subject for
prevention and therapy options in athletes and points to
a co-occurrence of the potential addictions EXD and FA.
Physical exercise or sports is often used in the therapy
of ED. Since the potential risk of EXD is increased in
patients with ED or FA, prudence is advised in these per-
sons. Further studies are needed to investigate parameters
and relationships between ED, FA, and EXD.

Acknowledgements The authors wish to thank all the study
participants.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

@ Springer

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional research committee (Ethics Commission of the University
Medicine Gottingen) and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Gearhardt AN, Corbin WR, Brownell KD (2009) Food addic-
tion: an examination of the diagnostic criteria for dependence.
J Addict Med 3:1-7. https://doi.org/10.1097/ADM.0b013e3181
93¢993

2. Pursey KM, Davis C, Burrows TL (2017) Nutritional aspects
of food addiction. Curr Addict Rep 4:142—150. https://doi.
org/10.1007/s40429-017-0139-x

3. Schulte EM, Avena NM, Gearhardt AN (2015) Which foods may
be addictive? The roles of processing, fat content, and glycemic
load. PLoS One 10:e0117959. https://doi.org/10.1371/journ
al.pone.0117959

4. American Psychiatric Association (2013) Diagnostic and statisti-
cal manual of mental disorders: DSM-5, 5th edn. American Psy-
chiatric Publ, Washington, DC

5. Albayrak 0, Walfle SM, Hebebrand J (2012) Does food addic-
tion exist? A phenomenological discussion based on the psychi-
atric classification of substance-related disorders and addiction.
Obes Facts 5:165-179. https://doi.org/10.1159/000338310

6. Hebebrand J, Albayrak O, Adan R et al (2014) “Eating addic-
tion”, rather than “food addiction”, better captures addictive-
like eating behavior. Neurosci Biobehav Rev 47:295-306. https
://doi.org/10.1016/j.neubiorev.2014.08.016

7. Gordon E, Ariel-Donges A, Bauman V, Merlo L (2018) What
is the evidence for “Food Addiction?” A Systematic Review.
Nutrients 10:477. https://doi.org/10.3390/nu10040477

8. Treasure J, Leslie M, Chami R, Fernandez-Aranda F (2018) Are
trans diagnostic models of eating disorders fit for purpose? A
consideration of the evidence for food addiction. Eur Eat Disord
Rev 26:83-91. https://doi.org/10.1002/erv.2578

9. Gold MS, Frost-Pineda K, Jacobs WS (2003) Overeating, binge
eating, and eating disorders as addictions. Psychiatry Ann
33:117-122. https://doi.org/10.3928/0048-5713-20030201-08

10. de Vries S-K, Meule A (2016) Food addiction and bulimia ner-
vosa: new data based on the Yale Food Addiction Scale 2.0:
food addiction and bulimia. Eur Eat Disord Rev 24:518-522.
https://doi.org/10.1002/erv.2470

11. Gearhardt AN, White MA, Potenza MN (2011) Binge eating
disorder and food addiction. Curr Drug Abuse Rev 4:201-207.
https://doi.org/10.2174/1874473711104030201

12. Granero R, Hilker I, Agiiera Z et al (2014) Food Addiction in a
Spanish sample of eating disorders: DSM-5 diagnostic subtype
differentiation and validation data: food addiction and ED sub-
types. Eur Eat Disord Rev 22:389-396. https://doi.org/10.1002/
erv.2311


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/ADM.0b013e318193c993
https://doi.org/10.1097/ADM.0b013e318193c993
https://doi.org/10.1007/s40429-017-0139-x
https://doi.org/10.1007/s40429-017-0139-x
https://doi.org/10.1371/journal.pone.0117959
https://doi.org/10.1371/journal.pone.0117959
https://doi.org/10.1159/000338310
https://doi.org/10.1016/j.neubiorev.2014.08.016
https://doi.org/10.1016/j.neubiorev.2014.08.016
https://doi.org/10.3390/nu10040477
https://doi.org/10.1002/erv.2578
https://doi.org/10.3928/0048-5713-20030201-08
https://doi.org/10.1002/erv.2470
https://doi.org/10.2174/1874473711104030201
https://doi.org/10.1002/erv.2311
https://doi.org/10.1002/erv.2311

Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2020) 25:1573-1582

1581

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Gearhardt AN, Boswell RG, White MA (2014) The associa-
tion of “food addiction” with disordered eating and body mass
index. Eat Behav 15:427-433. https://doi.org/10.1016/j.eatbe
h.2014.05.001

Meule A, von Rezori V, Blechert J (2014) Food addiction and
bulimia nervosa: food addiction and bulimia nervosa. Eur Eat
Disord Rev 22:331-337. https://doi.org/10.1002/erv.2306
Bundeszentrale fiir gesundheitliche Aufklarung (2019) Wie hiufig
sind Essstorungen. https://www.bzga-essstoerungen.de/wie-haeuf
ig-sind-essstoerungen/?L=0. Accessed 9 Mar 2019
Bratland-Sanda S, Sundgot-Borgen J (2013) Eating disorders in
athletes: overview of prevalence, risk factors and recommenda-
tions for prevention and treatment. Eur J Sport Sci 13:499-508.
https://doi.org/10.1080/17461391.2012.740504
Sundgot-Borgen J, Torstveit MK (2004) Prevalence of eating dis-
orders in elite athletes is higher than in the general population.
Clin J Sport Med 14:25-32. https://doi.org/10.1097/00042752-
200401000-00005

Torstveit MK, Rosenvinge JH, Sundgot-Borgen J (2007) Preva-
lence of eating disorders and the predictive power of risk models
in female elite athletes: a controlled study: eating disorders in
athletes and controls. Scand J Med Sci Sports 18:108-118. https
://doi.org/10.1111/§.1600-0838.2007.00657.x

Hausenblas HA, Downs DS (2002) How much is too much? The
development and validation of the exercise dependence scale.
Psychol Health 17:387-404. https://doi.org/10.1080/0887044022
000004894

Meyer C, Taranis L, Goodwin H, Haycraft E (2011) Compulsive
exercise and eating disorders. Eur Eat Disord Rev 19:174-189.
https://doi.org/10.1002/erv.1122

Zeulner B, Ziemainz H, Beyer C et al (2016) Disordered eating
and exercise dependence in endurance athletes. Adv Phys Educ
6:76-87. https://doi.org/10.4236/ape.2016.62009

Miiller A, Loeber S, Sochtig J et al (2015) Risk for exercise
dependence, eating disorder pathology, alcohol use disorder and
addictive behaviors among clients of fitness centers. J] Behav
Addict 4:273-280. https://doi.org/10.1556/2006.4.2015.044
Blaydon M, Lindner K (2002) Eating disorders and exercise
dependence in triathletes. Eat Disord 10:49-60. https://doi.
org/10.1080/106402602753573559

Rudolph S (2018) The connection between exercise addiction and
orthorexia nervosa in German fitness sports. Eat Weight Disord
Stud Anorex Bulim Obes 23:581-586. https://doi.org/10.1007/
s40519-017-0437-2

Nogueira A, Molinero O, Salguero A, Marquez S (2018) Exercise
addiction in practitioners of endurance sports: a literature review.
Front Psychol. https://doi.org/10.3389/fpsyg.2018.01484
Freimuth M, Moniz S, Kim SR (2011) Clarifying exercise addic-
tion: differential diagnosis, co-occurring disorders, and phases of
addiction. Int J Environ Res Public Health 8:4069—4081. https://
doi.org/10.3390/ijerph8104069

Lichtenstein MB, Christiansen E, Bilenberg N, Stgving RK
(2014) Validation of the exercise addiction inventory in a Dan-
ish sport context: exercise addiction inventory and prevalence.
Scand J Med Sci Sports 24:447-453. https://doi.org/10.111
1/1.1600-0838.2012.01515.x

Berczik K, Szabd A, Griffiths MD et al (2012) Exercise Addic-
tion: symptoms, Diagnosis, Epidemiology, and Etiology.
Subst Use Misuse 47:403-417. https://doi.org/10.3109/10826
084.2011.639120

Griffiths MD (2005) The exercise addiction inventory: a quick
and easy screening tool for health practitioners. Br J Sports Med
39:e30—-e30. https://doi.org/10.1136/bjsm.2004.017020

Monok K, Berczik K, Urban R et al (2012) Psychometric proper-
ties and concurrent validity of two exercise addiction measures: a

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

population wide study. Psychol Sport Exerc 13:739-746. https://
doi.org/10.1016/j.psychsport.2012.06.003

Szabo A, Griffiths MD (2007) Exercise addiction in British sport
science students. Int J Ment Health Addict 5:25-28. https://doi.
org/10.1007/s11469-006-9050-8

Lukacs A, Sasvari P, Varga B, Mayer K (2019) Exercise addic-
tion and its related factors in amateur runners. J Behav Addict
8:343-349. https://doi.org/10.1556/2006.8.2019.28

Cook HH, Freimuth M (2014) Exercise addiction and compulsive
exercising: relationship to eating disorders, substance use disor-
ders, and addictive disorders. In: Brewerton TD, Baker Dennis A
(eds) Eating disorders, addictions and substance use disorders.
Springer, Berlin, pp 127-144

Cunningham HE, Pearman S, Brewerton TD (2016) Conceptual-
izing primary and secondary pathological exercise using avail-
able measures of excessive exercise: conceptualizing pathological
exercise. Int J Eat Disord 49:778-792. https://doi.org/10.1002/
eat.22551

Cook HH, Crosby RD et al (2015) Exercise dependence as a medi-
ator of the exercise and eating disorders relationship: a pilot study.
Eat Behav 16:9-12. https://doi.org/10.1016/j.eatbeh.2014.10.012
Danielsen M, Bjgrnelv S, Bratberg GH, Rg @ (2018) Validation of
the exercise and eating disorder questionnaire in males with and
without eating disorders. Int J Eat Disord. https://doi.org/10.1002/
eat.22855

Ackard D, Brehm B, Steffen J (2002) Exercise and eating disor-
ders in college-aged women: profiling excessive exercisers. Eat
Disord 10:31-47. https://doi.org/10.1080/106402602753573540
Sussman S, Lisha N, Griffiths M (2011) Prevalence of the addic-
tions: a problem of the majority or the minority? Eval Health Prof
34:3-56. https://doi.org/10.1177/0163278710380124

Shroff H, Reba L, Thornton LM et al (2006) Features associated
with excessive exercise in women with eating disorders. Int J Eat
Disord 39:454—461. https://doi.org/10.1002/eat.20247

Adkins EC, Keel PK (2005) Does “excessive” or “compulsive”
best describe exercise as a symptom of bulimia nervosa? Int J Eat
Disord 38:24-29. https://doi.org/10.1002/eat.20140

Cook HH, Tuccitto D, Giacobbi PR (2011) Eating disorders and
exercise: a structural equation modelling analysis of a conceptual
model. Eur Eat Disord Rev 19:216-225. https://doi.org/10.1002/
erv.1111

Cook BJ, Hausenblas HA (2008) The role of exercise dependence
for the relationship between exercise behavior and eating pathol-
ogy: mediator or moderator? J Health Psychol 13:495-502. https
://doi.org/10.1177/1359105308088520

Bratland-Sanda S, Sundgot-Borgen J, Rg @ et al (2009) Physi-
cal activity and exercise dependence during inpatient treatment
of longstanding eating disorders: an exploratory study of exces-
sive and non-excessive exercisers. Int J Eat Disord. https://doi.
org/10.1002/eat.20769

Calogero RM, Pedrotty KN (2004) The practice and process of
healthy exercise: an investigation of the treatment of exercise
abuse in women with eating disorders. Eat Disord 12:273-291.
https://doi.org/10.1080/10640260490521352

Cook B, Wonderlich SA, Mitchell JE et al (2016) Exercise in
eating disorders treatment: systematic review and proposal of
guidelines. Med Sci Sports Exerc 48:1408-1414. https://doi.
org/10.1249/MSS.0000000000000912

Schipfer M (2015) Sportbindung und Sportsucht im Ausdauer-
sport: Theorie - Diagnostik - Empirie. Kova¢, Hamburg
Gearhardt AN, Corbin WR, Brownell KD (2016) Development of
the yale food addiction Scale Version 2.0. Psychol Addict Behav
30:113-121. https://doi.org/10.1037/adb0000136

Meule A, Miiller A, Gearhardt AN, Blechert J (2016) German
version of the Yale Food Addiction Scale 2.0: Prevalence and

@ Springer


https://doi.org/10.1016/j.eatbeh.2014.05.001
https://doi.org/10.1016/j.eatbeh.2014.05.001
https://doi.org/10.1002/erv.2306
https://www.bzga-essstoerungen.de/wie-haeufig-sind-essstoerungen/%3fL%3d0
https://www.bzga-essstoerungen.de/wie-haeufig-sind-essstoerungen/%3fL%3d0
https://doi.org/10.1080/17461391.2012.740504
https://doi.org/10.1097/00042752-200401000-00005
https://doi.org/10.1097/00042752-200401000-00005
https://doi.org/10.1111/j.1600-0838.2007.00657.x
https://doi.org/10.1111/j.1600-0838.2007.00657.x
https://doi.org/10.1080/0887044022000004894
https://doi.org/10.1080/0887044022000004894
https://doi.org/10.1002/erv.1122
https://doi.org/10.4236/ape.2016.62009
https://doi.org/10.1556/2006.4.2015.044
https://doi.org/10.1080/106402602753573559
https://doi.org/10.1080/106402602753573559
https://doi.org/10.1007/s40519-017-0437-2
https://doi.org/10.1007/s40519-017-0437-2
https://doi.org/10.3389/fpsyg.2018.01484
https://doi.org/10.3390/ijerph8104069
https://doi.org/10.3390/ijerph8104069
https://doi.org/10.1111/j.1600-0838.2012.01515.x
https://doi.org/10.1111/j.1600-0838.2012.01515.x
https://doi.org/10.3109/10826084.2011.639120
https://doi.org/10.3109/10826084.2011.639120
https://doi.org/10.1136/bjsm.2004.017020
https://doi.org/10.1016/j.psychsport.2012.06.003
https://doi.org/10.1016/j.psychsport.2012.06.003
https://doi.org/10.1007/s11469-006-9050-8
https://doi.org/10.1007/s11469-006-9050-8
https://doi.org/10.1556/2006.8.2019.28
https://doi.org/10.1002/eat.22551
https://doi.org/10.1002/eat.22551
https://doi.org/10.1016/j.eatbeh.2014.10.012
https://doi.org/10.1002/eat.22855
https://doi.org/10.1002/eat.22855
https://doi.org/10.1080/106402602753573540
https://doi.org/10.1177/0163278710380124
https://doi.org/10.1002/eat.20247
https://doi.org/10.1002/eat.20140
https://doi.org/10.1002/erv.1111
https://doi.org/10.1002/erv.1111
https://doi.org/10.1177/1359105308088520
https://doi.org/10.1177/1359105308088520
https://doi.org/10.1002/eat.20769
https://doi.org/10.1002/eat.20769
https://doi.org/10.1080/10640260490521352
https://doi.org/10.1249/MSS.0000000000000912
https://doi.org/10.1249/MSS.0000000000000912
https://doi.org/10.1037/adb0000136

1582

Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2020) 25:1573-1582

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

correlates of “food addiction” in students and obese individuals.
Appetite 1-8. https://doi.org/10.1016/j.appet.2016.10.003

Stice E, Telch CF, Rizvi SL (2000) Development and validation of
the Eating Disorder Diagnostic Scale: a brief self-report measure
of anorexia, bulimia, and binge-eating disorder. Psychol Assess
12:123-131. https://doi.org/10.1037/1040-3590.12.2.123
American Psychiatric Association (1998) Diagnostic and statisti-
cal manual of mental disorders: DSM-IV ; includes ICD-9-CM
codes effective 1. Oct. 96, 4. ed., 7. print. Washington, DC
Meule A, Blechert J (2015) German version of the eating disorder
diagnostic scale for DSM-5. Retrieved from https://adrianmeul
e.wordpress.com/resources/

Hauck C, Weill A, Schulte EM et al (2017) Prevalence of “Food
Addiction” as Measured with the Yale Food Addiction Scale 2.0
in a representative german sample and its association with sex,
age and weight categories. Obes Facts 10:12-24. https://doi.
org/10.1159/000456013

Meule A, Gearhardt AN (2014) Five years of the Yale Food
Addiction Scale: taking stock and moving forward. Curr Addict
Rep 1:193-205. https://doi.org/10.1007/s40429-014-0021-z
Pursey K, Stanwell P, Gearhardt A et al (2014) The preva-
lence of food addiction as assessed by the Yale Food Addiction
Scale: a systematic review. Nutrients 6:4552—-4590. https://doi.
org/10.3390/nu6104552

Schulte EM, Gearhardt AN (2017) Associations of food addiction
in a sample recruited to be nationally representative of the United
States: food addiction in the United States. Eur Eat Disord Rev.
https://doi.org/10.1002/erv.2575

Keski-Rahkonen A, Mustelin L (2016) Epidemiology of eating
disorders in Europe: prevalence, incidence, comorbidity, course,
consequences, and risk factors. Curr Opin Psychiatry 29:340-345.
https://doi.org/10.1097/YCO.0000000000000278

Wilmore JH (1991) Eating and weight disorders in the female
athlete. Int J Sport Nutr 1:104-117. https://doi.org/10.1123/
ijsn.1.2.104

Hall HK, Hill AP, Appleton PR, Kozub SA (2009) The mediating
influence of unconditional self-acceptance and labile self-esteem
on the relationship between multidimensional perfectionism and
exercise dependence. Psychol Sport Exerc 10:35-44. https://doi.
org/10.1016/j.psychsport.2008.05.003

Struwig GA (2016) Health risks of distance running: modelling
the predictors of running addiction, overuse injuries, and infec-
tious illness. Dissertation, University of South Africa

@ Springer

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Penzenstadler L, Soares C, Karila L, Khazaal Y (2018) System-
atic review of food addiction as measured with the Yale Food
Addiction Scale: implications for the food addiction construct.
Curr Neuropharmacol. https://doi.org/10.2174/1570159X 1666618
1108093520

Hauck C, Weil} A, Ellrott T (2016) Relationship between “food
addiction®, restrained eating behavior, mental health status and
score of binge eating in a morbidly obese German sample. Adi-
positas 10:215-220. https://doi.org/10.1055/s-0037-1617719
Sussman S (2017) Substance and behavioral addictions: concepts,
causes, and cures. Cambridge University Press, Cambridge
Gatti D, Idolazzi L, El GM et al (2016) Bone metabolism in
patients with anorexia nervosa and amenorrhea. Bone Abstr. https
://doi.org/10.1530/boneabs.5.P354

Vale B, Brito S, Paulos L, Moleiro P (2014) Menstruation disor-
ders in adolescents with eating disorders — target body mass index
percentiles for their resolution. Einstein Sdo Paulo 12:175-180.
https://doi.org/10.1590/S1679-45082014A02942

Poyastro Pinheiro A, Thornton LM, Plotonicov KH et al (2007)
Patterns of menstrual disturbance in eating disorders. Int J Eat
Disord 40:424—434. https://doi.org/10.1002/eat.20388
Master-Hunter T, Heiman DL (2006) Amenorrhea: evaluation and
treatment. Am Fam Physician 73:1374-1382

Johnson C, Powers PS, Dick R (1999) Athletes and eating disor-
ders: the National Collegiate Athletic Association study. Int J Eat
Disord 26:179-188

Byrne S, McLean N (2002) Elite athletes: effects of the pressure
to be thin. J Sci Med Sport 5:80-94

Beals KA, Hill AK (2006) The prevalence of disordered eating,
menstrual dysfunction, and low bone mineral density among US
collegiate athletes. Int J Sport Nutr Exerc Metab 16:1-23
Fletcher PC, Kenny PJ (2018) Food addiction: a valid con-
cept? Neuropsychopharmacology 43:2506-2513. https://doi.
org/10.1038/s41386-018-0203-9

Ekstrom S, Kull I, Nilsson S, Bergstrom A (2015) Web-based
self-reported height, weight, and body mass index among swedish
adolescents: a validation study. J] Med Internet Res 17:e¢73. https
://doi.org/10.2196/jmir.3947

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.appet.2016.10.003
https://doi.org/10.1037/1040-3590.12.2.123
https://adrianmeule.wordpress.com/resources/
https://adrianmeule.wordpress.com/resources/
https://doi.org/10.1159/000456013
https://doi.org/10.1159/000456013
https://doi.org/10.1007/s40429-014-0021-z
https://doi.org/10.3390/nu6104552
https://doi.org/10.3390/nu6104552
https://doi.org/10.1002/erv.2575
https://doi.org/10.1097/YCO.0000000000000278
https://doi.org/10.1123/ijsn.1.2.104
https://doi.org/10.1123/ijsn.1.2.104
https://doi.org/10.1016/j.psychsport.2008.05.003
https://doi.org/10.1016/j.psychsport.2008.05.003
https://doi.org/10.2174/1570159X16666181108093520
https://doi.org/10.2174/1570159X16666181108093520
https://doi.org/10.1055/s-0037-1617719
https://doi.org/10.1530/boneabs.5.P354
https://doi.org/10.1530/boneabs.5.P354
https://doi.org/10.1590/S1679-45082014AO2942
https://doi.org/10.1002/eat.20388
https://doi.org/10.1038/s41386-018-0203-9
https://doi.org/10.1038/s41386-018-0203-9
https://doi.org/10.2196/jmir.3947
https://doi.org/10.2196/jmir.3947

	The relationship between food addiction and patterns of disordered eating with exercise dependence: in amateur endurance athletes
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 
	Level of evidence 

	Introduction
	The concept of food addiction
	Eating disorders in athletes
	Exercise dependence in athletes
	Known links between ED and EXD in athletes
	Purpose of the study

	Materials and methods
	Participants
	Measures
	Demographics and screening measures
	Yale Food Addiction Scale 2.0 (YFAS 2.0)
	Questionnaire to diagnose exercise dependence in endurance sports (Fragebogen zur Erfassung des Sportverhaltens bei Ausdauersportlern; FESA)
	Eating Disorder Diagnostic Scale (EDDS)

	Procedure
	Statistical analyses

	Results
	Prevalence and frequencies of potential risks for YFAS 2.0 food addiction, EDDS eating disorders, and FESA exercise dependence
	Potential predictors of FA—logistic regression analysis
	Differences between people with FA and people with ED
	Associations between FA and EXD, and between ED and EXD

	Discussion
	Prevalence and frequencies of potential risks for YFAS 2.0 food addiction, EDDS eating disorders, and FESA exercise dependence
	YFAS 2.0 food addiction
	EDDS eating disorders
	FESA exercise dependence

	Predictors of FA—logistic regression analysis
	Differences between people with FA and people with ED
	Associations between FA and EXD and between EXD and ED

	Limitations
	Critique of measures

	Conclusion
	Acknowledgements 
	References




