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Abstract
Purpose  The combination of physical activity and healthy eating habits has potentially positive effects on health. However, 
both practices can also lead to pathological behaviors such as exercise addiction (EA) and orthorexia nervosa (ON), thus 
generating negative effects. So far, studies analyzing the connection between these two phenomena cannot be found. The 
current paper is aiming to close this gap.
Methods  The sample (n = 1.008) consisted of 559 male and 449 female active members of three fitness studios, and was 
analyzed in a cross-sectional study design. The Exercise Addiction Inventory (EAI) was used to establish exercise addiction 
and the Düsseldorfer Orthorexie Skala (DOS) was used to evaluate orthorectic eating behavior.
Results  Out of the whole sample, 10.2% exhibit EA, while ON is prevalent in 3.4%. Twenty-three (2.3%) individuals suffer 
from both. There is a significant positive correlation between DOS and EAI (p < .001, r = .421). Female participants (p < .001, 
r = .452) show a higher correlation compared to male participants (p < .001, r = .418).
Conclusion  The results suggest a positive correlation between ON and EA in the context of German fitness sports. Both 
seem to be serious phenomena and require further investigation.
Level of evidence  Level V (cross-sectional descriptive study).

Keywords  Orthorexia nervosa · Exercise addiction · Fitness sport · Düsseldorfer orthorexie skala · Exercise addiction 
inventory

Purpose

Exercise, sports, and nutrition represent the pillars of a 
healthy lifestyle. Regular physical activity has positive 
effects on individual wellbeing [1, 2], reduces the symptoms 
of psychiatric disorders such as depressions and anxiety dis-
orders [3], and also achieves positive physiological effects 
[4]. Healthy nutrition reduces the risk of developing chronic 
diseases [5]. Exercise and sports activity are beneficial both, 
physically and psychologically, but excessive exercise may 
have adverse physiological and psychological effects. The 
same is the case with a concern for healthy nutrition, which 
can turn into an obsession with eating healthy foods [6, 7].

Sports addiction and the risk of sports obsession have 
been analyzed since the 1970s, particularly in endurance 
sports. Baekeland [6] coined the term exercise addiction 
(EA) which is now used as a generic term for sport- and 
movement-related obsessions and addictions [8]. EA is a 
morbid pattern of behavior in which the habitually exercis-
ing individual focuses exclusively on exercises, loses control 
over its exercise habits, acts compulsively, exhibits depend-
ence, and experiences negative consequences to health as 
well as in its social and professional life [9]. Temporal with-
drawal causes symptoms including all components of addic-
tive disorders: mood modification, depression conflict, toler-
ance, and relapse [10]. Morgan [11] was the first to describe 
the symptoms of EA which consist of obsession, withdrawal 
symptoms, and social conflicts. Additional diagnostic crite-
ria include the development of exercise tolerance, negation 
of negative consequences, unintended excesses, spending 
large amounts of time, and unsuccessful efforts to control 
or cut down exercise [12–14]. In spite of the inconsistencies 
of definitions, EA is considered a non-substance behavioral 
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dependence [15, 16]. EA can be differentiated into a pri-
mary form of dependence and an exercise dependence which 
is secondary to an eating disorder. It can be regarded as a 
syndrome difficult to delimit from other forms of behav-
ioral dependencies [13]. To diagnose exercise-dependent 
behavior, a number of sport specific inventories have been 
developed [17]. The exercise addiction inventory (EAI) 
[17, 18] is the shortest non-sport specific inventory using 
only six items. The English language original of the scale 
has a good internal consistency (Cronbachs Alpha = 0.84). 
Together with the Exercise Dependence Scale [8], it is the 
only inventory which is capable of classifying the spectrum 
of severity, categorizing exercising people as at-risk, as non-
dependent symptomatic and as nondependent asymptomatic.

The prevalence rate of EA varies depending on the sam-
ple, the type of sport, and the inventory used. According to 
a systematic review of 77 studies, the spread was between 
3 and 13% [8]. However, a rate of 13% appears to be rather 
high considering the fact that other researchers found a much 
lower prevalence of EA among physically active individuals. 
Endurance athletes showed prevalence rates between 4.5% 
[19] and 2.7% [20]. According to Szabo and Griffith [21], 
3.6% of the exercising general population and 6.9% of Brit-
ish sport science students, 5.0% CrossFit practitioners [22], 
9.7% fitness exercisers, and 7.1% soccer players in Denmark 
[23] are exercise-dependent. One may, however, reason-
ably assume that the percentage in the general population 
is much smaller, since general population was not included 
in these samples and large parts of the population are not 
physically active on a regular basis [24]. The gender effects 
are also inconsistent so far. While Pierce et al. [25] found 
a higher score in female than in male runners, Lichtenstein 
and Jensen [22] showed a greater prevalence in male than 
in female fitness exercisers. Other studies did not show any 
significant gender differences [26, 27].

Just as sports and exercise can lead to unhealthy behavior, 
the concern for healthy nutrition can also turn into a patho-
logical obsession with eating healthy foods. This includes 
the phenomenon of ON which was described for the first 
time by Steven Bratman [28]. ON is characterized by a path-
ological fixation on the quality of food, the constant concern 
for healthy nutrition, and the establishment of strict rules 
concerning food. The emphasis is not on weight reduction 
like in anorexia nervosa but on the fear that unhealthy food 
will lead to illness [29].

So far, the scientific legitimacy of ON is not established 
within the frameworks of either the DSM-V or ICD-10 clas-
sifications [30], although there are reports of relevant clinical 
symptoms such as malnutrition, social isolation, or psycho-
logical strain [31]. Nonetheless, it has not yet been decided 
whether ON is a real and unique eating disorder [32], a 
preliminary stage of a disorder concerning abnormal eat-
ing behavior inseparably linked with obsessive–compulsive 

symptoms [33] or a obsessive–compulsive disorder itself 
[34].

In studies published so far, the prevalence rate of ON 
ranged between 1 and 89% [29, 30, 35, 36]. The wide spread 
of prevalence rates seems to be mainly a consequence of 
the use of quite different inventories and scales and of dif-
ferent cut-off points on those scales. Most studies use the 
Orthorexia Self-Test, either as the original version [37] or as 
a modified ORTO-11 or ORTO-15 scale to establish preva-
lence values. The validity and reliability of all three scales 
are far from perfect [36, 38]. Currently, the only reliable 
scale is the DOS [30]. Prevalence rates measured with the 
DOS varied between 1 and 3.3% among general population 
[30, 31] and among university students, respectively [35].

It has been shown that eating disorders are more common 
among physically active individuals. Results from a study 
in Norway indicated that high-performance athletes had a 
higher prevalence of pathological eating behavior than a 
control group of the general population [39]. The connection 
between pathological eating behavior relating to anorexia 
nervosa and bulimia nervosa and EA in leisure time activi-
ties as well as in high-performance sports has been demon-
strated in a number of studies. There is evidence showing 
that 40–70% of the individuals suffering from anorexia ner-
vosa and bulimia nervosa also exercise excessively [10, 20, 
40, 41]. However, there are only very few studies analyzing 
the connection between the pathological eating behavior ON 
and sporting activities. Positive correlations between ON 
and Yoga [42], ON and ballet [43], as well as ON and physi-
cal activity of university students [44] have been observed. 
In the latter study, female students scored higher on ON if 
they exercised more frequently, more intensively or with a 
greater exercise volume. This study confirmed the results 
of Eriksson et al. [45]. Segura-Garcia [46] also identified a 
higher prevalence of ON in male and female athletes com-
pared to the general population. In none of these studies, 
the correlation of EA and ON was analyzed. The current 
paper is the attempt to start closing this gap. The connection 
between ON and EA will be analyzed in a cross-sectional 
design in the context of fitness sports in Germany.

Methods

The sample consisted of active members of three German 
professional fitness clubs (n = 1.008) who participated vol-
untarily. There are no data about the number of participants 
that were recruited at each fitness club, but it has been 
assured that the membership fees differed from club to club 
and ranged from low to high. The members were asked to 
answer the questionnaires at the check-in point of the club. In 
addition, there were notices at the respective bulletin boards 
pointing out the survey. Local ethics committee approval was 
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not required for this observational study. The participants 
were asked about the years of membership and the amount 
of training hours per week to establish a degree of physical 
activity. Only members who carried out their training exclu-
sively in the fitness club were included in the sample. 449 
female and 559 male active members of the clubs filled in 
the questionnaires. Their average age was 29.4 ± 11.6 years. 
The average training lasted 4.4 ± 2.6 h/week and the average 
amount of training years was 5.2 ± 6.0 years. There is a sig-
nificant difference in the amount of training years between 
male and female participants (p < .036; d = 0.195) (Table 1).

The EAI was used to establish EA [17]. The English lan-
guage original had been translated into German by Ziemainz 
et al. [19] and re-translated into English and revised to avoid 
any inconsistencies. The EAI has been developed as a self-
report to examine an individual’s beliefs toward physical 
exercise. It is unspecific for particular sports and made up of 
six statements in relation to the perception of exercise, con-
cerning: the importance of exercise to the individual, rela-
tionship conflicts due to exercise, how mood changes with 
exercise, the amount of time spent exercising, the outcome 
of missing a workout, and the effects of decreasing physical 
activity. Individuals are asked to rate each statement from (1) 
‘strongly disagree’ to (6) ‘strongly agree’. The likert scale 
had five levels in the original version. To avoid the tendency 
towards a neutral middle score of the original, the revised 
German version has six levels. Thus, there is a minimum of 

6 and a maximum of 36 points. We follow Ziemainz et al. 
[19] to label participants with 29–36 points as at-risk for 
exercise addiction, 15–28 points as endangered for EA, and 
from 6 to 14 as without any symptoms of EA.

The DOS was used to evaluate orthorectic eating behav-
ior. It contains ten items of eating behavior, with a four point 
likert scale from (1) ‘strongly disagree’ to (4) ‘strongly 
agree’ for each item. The sum score is thus between 10 and 
40. The higher the score, the more likely is an orthorectic 
eating behavior. The cut-off value for ON is ≥30. Between 
25 and 29, there is a tendency towards orthorectic eating 
behavior. Normal eating behavior is labeled as <25 [30, 31].

The internal consistencies of the EAI scale (six items) 
or DOS (10 items) can be considered acceptable or good, 
respectively: Cronbach’s Alpha = 0.74 (EAI) and 0.84 
(DOS). For the gender comparison of EAI and DOS, the t 
tests for independent samples were used, and for the effect 
size, Cohen’s d was utilized. For the analysis of the correla-
tion, the Pearson correlation coefficient was employed and 
tested for significance. A significance level of p = .05 was 
chosen.

Results

The whole sample (n = 1.008) has a mean value of 20.7 ± 5.8 
on the EAI. On average, male participants had significantly 
higher values than female participants (p < .001; d = 0.244). 
The difference between male and female participants in the 
DOS is significant as well (p = .027; d = 0.151), but here, 
the female participants had higher values. There is also a 
small negative association between age and EAI (p < .001; 
r = −.163) and age and DOS (p = .022; r = −.072), respec-
tively. The whole sample had an average value of 18.7 ± 5.3 
on the DOS (Table 2).

Table 3 shows the relative proportion of persons suffering 
neither from EA nor from ON, those who are at risk for EA, 
those who can be considered at risk to develop EA or ON, 
and those who show symptoms of EA and ON. Only 14.6% 
of the whole sample show no symptoms of either EA or ON. 
In 74.2% of the participants, there is an increased risk for the 

Table 1   Age, training years, and hours of training per week in male 
and female participants (Mean and SD)

*Significance level of p = .05

Age Years of training Hours of 
training per 
week

Female (n = 449) 29.4 ± 11.9 4.5 ± 5.1 4.1 ± 2.3
Male (n = 559) 29.4 ± 11.5 5.7 ± 6.5 4.6 ± 2.7
df 1003 1001 997
t 0.018 −3.167 −3.323
p value 0.986 (n.s.) 0.036* 0.103 (n.s.)
d value 0.001 0.195 0.211

Table 2   DOS and EAI values 
split up according to gender

The mean, the SD, the level of significance, and the effect strength in two scales are shown; the levels of 
significance are defined as *p < .05 and ***p ≤ .001.

Ø SD df T p value d value n

EAI
Male 21.4 5.67 1006 −3.74 .000*** 0.244 559
Female 20.0 5.82 449
DOS
Male 18.3 5.38 1007 2.51 .027* 0.151 559
Female 19.1 5.21 449
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pathological behavior of EA, while 8.8% show an increased 
risk for ON. 23 participants of the study (2.3%) are exercise 
addicted and suffering from orthorexia nervosa at the same 
time. The basis for the table is the full sample (n = 1.008).

The analysis of correlation shows a significant correlation 
between the EAI and the DOS with a mid-size positive effect 
(p < .001; r = .421) (Fig. 1). There is a small gender specific-
ity in this sample as the correlation for the female partici-
pants was slightly higher (p < .001, r = .452, n = 449) com-
pared to the male participants (p < .001, r = .418, n = 559).

In the whole sample, there are also significant posi-
tive correlations between the DOS and training units per 
week (p < .001, r = .335) as well as training hours per week 
(p < .001, r = .252).

Discussion

The aim of the current study was to analyze the occurrence 
and correlation of EA and ON in a German fitness club 
setting. The results show that 10.2% of the total sample 
exhibit manifest symptoms of EA. It is hypothesized that 
EA is prevalent in between 2.5 and 3% of the whole popu-
lation, even though prevalence is much higher in sports 
in particular [17]. The prevalence of EA in this study is 
higher than the prevalence in endurance sports [19, 20], in 
physical education students [21], and in generally physi-
cally active people in Germany [20]. Since an additional 
74.2% of individuals show an increased risk of develop-
ing EA, it has to be considered a serious phenomenon in 
German fitness sports. Compared to ON, EA seems to be 

Table 3   Relative proportion (in %) of the sample suffering from both 
(AN and ON), either from AN or ON or neither from AN nor from 
ON

No ON Risk of ON ON Total sample

No EA 15.6 0.5 0.3 15.4
Risk of EA 66.1 6.3 1.8 74.2
EA 6.1 2.1 2.3 10.4
Total sample 86.8 8.8 4.3 100.0

Fig. 1   Correlation between EA and ON. The cut-off points for EA (≥29) and ON (≥30) are shown as vertical respectively horizontal lines
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much more present in the three fitness clubs that were 
analyzed in this paper. 3.4% are affected by ON in the cur-
rent sample. The prevalence of ON is only slightly higher 
than the value observed in a previous study investigating a 
German fitness setting, where 2.5% of university students 
were affected [44]. The prevalence in other studies ranged 
between 1 and 3.3% [30, 31, 35]. It can be assumed that 
compared to other sporting activities, participation in fit-
ness sports can be associated with a higher risk of devel-
oping EA and ON.

2.3% (23 people) of the whole sample suffer from EA 
and from ON at the same time, i.e., two-thirds of the people 
with ON also suffer from EA in this sample. There is a posi-
tive connection between EA and ON. As there are also sig-
nificant positive correlations between the DOS and training 
units per week as well as positive correlations between DOS 
and training hours per week, it can be reasonably assumed 
that the demand for or rather the addiction to exercise and 
ON—measured with EAI and DOS—are complementing 
each other in a fitness sports setting. The probability of find-
ing people with both phenomena in such a setting seems 
higher than in the average population. It is assumed that the 
EAI measures only primary exercise addiction. However, 
this cannot be confirmed by this sample. Because of the 
cross-sectional study design, only associations between ON 
and EA can be shown. There is no proof regarding causal 
relationships. Whether EA behavior leads to ON behavior 
(primary EA) cannot be clarified in this context. EA could 
also be a comorbidity of ON (secondary EA).

The inventories used were positive in the current context. 
The DOS has good test qualities. The internal consistency 
was α = 0.84 on the Cronbach’s Alpha. Test–retest reliability 
was between α = 0.67 and α = 0.79 according to Barthels 
et al. [30]. The test–retest reliability of the DOS can be rated 
satisfactory which distinguishes it from the other existing 
scales, the Orthorexia Self-test, ORTO-11, and ORTO-15 
[36, 38]. However, a further validation of the DOS and its 
cut-off value is actually reviewed [30]. The EAI is very 
economical with its small number of items and short time 
necessary to administer. It is, therefore, easy to handle and 
suitable for large sample sizes. The English language origi-
nal has a Cronbach‘s Alpha of α = 0.84, the German version 
of α = 0.74, which is satisfactory.

The study has the following limitations: The individuals 
participated on a voluntary basis, so neither can the subjects 
be considered a random sample nor can the results be gen-
eralized. Although the DOS showed good test–retest reli-
ability, it has to be noted that the scale was developed with 
no existing formal criteria for ON. Further research will be 
necessary to clarify the phenomena, e.g., studies with a lon-
gitudinal design or qualitative studies. The research tools 
have to be sharpened, so that the notion of these symptoms 
can be developed further.

Future prospects

The current paper shows that exercise adherence and nutri-
tion can lead to pathological behavior in fitness sports 
practitioners. 2.3% (23 persons) suffering from both, EA 
and ON, could be identified. The results demonstrate that 
these are two serious and connected phenomena in Ger-
man fitness sports which require further investigation. 
Although it is not clear whether one or the other or both 
ought to be classified on the ICD-10 and DSM-V systems, 
qualitative studies among affected people may be helpful 
to obtain better characterization of ON. This can be the 
basis to develop and assure meaningful prevention and 
treatment. Likewise, coaches in fitness clubs need to be 
aware that members might be at risk for these phenomena. 
Regarding EA, the primary and secondary forms have to 
be defined more clearly and other potential comorbidities 
need to be identified. At any rate, this appears to be rel-
evant for finding a possible connection between the two 
phenomena in other kinds of sports.
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