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Psychiatric Association (ΑPA), 2000] has been proposed 
since 2002. Exercise addiction is described as the dedication 
of extreme time in warming up, training and cooling down 
after exercise against other daily activities, which is accom-
panied by elevated exercise intensity and duration as well 
as loss of control (Hausenblas & Downs, 2002). In addition, 
engaging in training despite being injured and expressing 
psychological discomfort in the absence of exercise have 
been confirmed as dependence symptoms (Hausenblas et 
al., 2017). The above mentioned clinical presentation of 
exercise dependence is often studied as a symptom of eating 
disorders (secondary exercise addiction) (Scharmer et al., 
2020). Nevertheless, in primary exercise dependence con-
tinuous training and strict diet plans aim mainly at improv-
ing physical fitness, and increasing physical performance 
(Hall et al., 2009).

Exercise dependence has not been officially recognized 
as a mental disorder; still it is considered to fall into the cat-
egory of behavioral addictions, which is a new subcategory 
of addictive disorders in medical classifications (Nogueira et 

Exercise dependence

In modern western societies, according to the prevailing 
model of “healthy individual”, the maintenance of opti-
mal levels of physical and mental health through exercise 
and healthy eating leads to social recognition and reward 
(Lee & MacDonald, 2010). The effect of moderate exer-
cise on the prevention of physical illnesses (Moore et al., 
2016) and mood improvement (Gucciardi et al., 2020) 
is well documented. However, exercise can become an 
unhealthy obsession (Veale, 1987). The theoretical model 
for understanding exercise dependence based on the DSM 
IV diagnostic criteria for substance use disorders [American 
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Abstract
Physical exercise and healthy diet have a positive effect on health. However, the pathological dimension of both behaviors, 
namely exercise dependence and orthorexia nervosa, can lead to negative results. So far, literature on these behaviors in 
the context of high-intensity sports is limited. The present study aims for investigating exercise dependence and orthorexia 
nervosa in a sample of Crossfit athletes, as well as examining the mediating role of perfectionism in their manifestation.
The sample consisted of 110 people who attended Crossfit programs and 131 active gym members. The Exercise Depen-
dence Scale was used to assess exercise dependence, the ORTO-15 to assess orthorexic behavior and the Almost Perfect 
Scale to evaluate perfectionism.19.8% of crossfitters and 3.8% of gym members were at risk for exercise dependence. 
11.7% of participants in the Crossfit group and 10% of participants in the control group had orthorexic symptoms. An 
association was found between the scores on the two behaviors. In addition, the dimension of perfectionism high stan-
dards predicted obligatory exercise and orthorexia nervosa, while the dimension of discrepancy predicted only exercise 
dependence.The study suggests that exercise dependence is more evident in Crossfit compared to gym athletes and may be 
accompanied by orthorexic symptoms. Orthorexia nervosa is a noticeable phenomenon in the population of active exercis-
ers. Perfectionism is a risk factor for obligatory exercise and orthorexia. A more demanding selection of target populations 
is encouraged in order to better understand exercise dependence, orthorexia nervosa and their personality background.
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al., 2018). So far, only gambling disorder has been included 
in DSM- 5 [American Psychiatric Association (APA), 2013] 
and in the 11th revision of the International Classification 
of Mental Disorders (ICD-11) [World Health Organization 
(WHO), 2018]. Commitment to excessive physical activ-
ity occurs in the general population at a rate of 0.3–3.3% 
(Meulemans et al., 2014; Monok et al., 2012), highlighting 
that this is a behavior with relatively low prevalence. In 
contrast, 17% of amateur cyclists (Mayolas-Pi et al., 2016) 
and 6.8% of gym members (Lichtenstein et al., 2017) were 
found to be at risk for exercise dependence. Uncontrolla-
ble exercise behavior has been proved harmful to physical 
health (Di Lodovico et al., 2018), while it has been associ-
ated with the onset of depressive symptoms (Levit et al., 
2018) and impaired social functioning (Hausenblas et al., 
2017).

Orthorexia nervosa

Healthy eating is considered to be an environmental pro-
tective factor for physical health (Sofi et al., 2008) and is 
involved in maintaining psychological well-being through 
stress reduction mechanisms (Lakhan & Vieira, 2008). 
The term “orthorexia nervosa” was introduced by Ameri-
can physicist Steven Bratman, who, by referring to “health 
food junkies”, described a condition where an individual is 
obsessed with healthy eating in order to avoid physical harm 
and disease (Bratman & Knight, 2000). Despite the lack of 
official recognition as a distinct mental disorder (Abdullah 
et al., 2020), researchers have suggested that the symptom-
atology of orthorexia nervosa includes mental and behav-
ioral preoccupation with selection and preparation of meals, 
exaggerated concern about health issues and anxiety in case 
of violation of self-imposed dietary rules (Dunn & Bratman, 
2016) and avoidance of social events, that include eating 
(Cheshire, Berry, & Fixsen, 2020). Orthorexia nervosa’s 
main difference from anorexia nervosa and bulimia nervosa 
is that the emphasis is put on the quality of food rather than 
quantity and the ultimate goal is physical well-being rather 
than weight loss (Varga et al., 2013).

Prevalence rates of orthorexia nervosa in the general 
population range from 1–28.3% depending on the psycho-
metric tool (Dunn et al., 2017; Plichta & Jezewska-Zychow-
icz, 2019). However, 51.8% of regular exercisers (Almeida 
et al., 2018) and 27.7% of fitness athletes (Bona et al., 2019) 
have reported orthorexic symptoms. Orthorexia nervosa 
has been associated with increased feelings of anxiety and 
depression (Douma et al., 2021).

Exercise dependence and orthorexia 
nervosa

Literature on the relationship between exercise dependence 
and orthorexia nervosa is limited. Indicatively, Oberle and 
Lipschuetz (2018) argued that orthorexia is positively corre-
lated with increased perceived muscle strength. At the same 
time, Rudolph (2018) found that 10.2% of 1.008 regular 
exercisers were at risk for exercise dependence and 3.4% of 
them also had orthorexic symptoms. Based on this finding, 
she assumed that these are probably comorbid behaviors. 
In line with these findings, White et al. (2020) revealed a 
strong association between dysfunctional exercise behav-
iors and orthorexia symptoms in men, deducing that it 
may be driven by social pressure to attain a healthy body. 
Researchers highlighted the positive relation between fre-
quency and duration of exercise and orthorexic behaviors 
(Almeida et al., 2018; Oberle et al., 2018). Finally, personal 
trainers, who participated in the qualitative study of Haman 
et al. (2017), mentioned that some exercisers especially in 
fitness sports exhibit these behaviors concurrently and find 
it difficult to balance eating and exercise in a healthy way. 
Nevertheless, they express uncertainty about how to discern 
the border between healthy and unhealthy exercise and eat-
ing attitudes, given the societal health ideals.

Perfectionism

Perfectionism is a personality trait that can be described as 
a “double-edged sword” (Stoeber, 2014). According to the 
dominant model of perfectionism, it consists of two factors: 
(a) striving for perfectionism, namely setting high standards 
of performance and (b) perfectionistic concerns, which are 
associated with the sense of discrepancy between perfor-
mance and goal, self-criticism and constant doubts about 
the way of acting (Stoeber et al., 2020). An individual with 
maladaptive perfectionism sets high goals, but when he/
she fulfils them, they are replaced with even higher unre-
alistic ones, as the previous ones are now considered as not 
demanding enough. When the new goals are achieved, they 
are underestimated again or the individual feels that high 
praise is not deserved (Lo & Abbott, 2013). Therefore, nega-
tive self-evaluation increases. Perfectionistic tendencies are 
presented as a desirable trait of individuals in modern soci-
ety, where competition is favoured. Curran and Hill (2019) 
found a linear increase in perfectionism in USA and Europe, 
while Stoeber and Stoeber (2009) argued that perfectionism 
is expressed in most areas of life, such as work, academic 
studies and other important to the individual activities such 
as sports. Based on these findings, researchers have focused 
on studying the role of perfectionism on mental health.
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Perfectionism and exercise dependence

The trait of perfectionism does not appear to be involved in 
the development of substance use behaviors. On the contrary, 
it plays a key role on exercise dependence. Costa et al.(2016) 
found that maladaptive perfectionism was associated with 
symptoms of deprivation, loss of control, withdrawal and 
reduced time devotion to other activities in 169 Italian regu-
lar exercisers. This finding confirms the suggestion of Tara-
nis and Meyer (2010), according to which perfectionistic 
concerns are the primary indicator of exercise dependence. 
This can be explained by the fact that rumination about 
perceived insufficiency leads to psychological deficit and, 
then, to excessive effort as a means of compensating for it 
(Hall, 2006). On the other hand, a recent systematic review 
of Cakın et al. (2021), which included 22 studies, conducted 
in general population and amateur athletes (mainly runners), 
showed that exercise dependence is moderately correlated 
with both dimensions of perfectionism.

Perfectionism and orthorexia nervosa

The involvement of perfectionism as a risk factor in the 
development of eating disorders is empirically documented 
(Bardone-Cone et al., 2007). The positive correlation 
between perfectionism and obsession with healthy eat-
ing practices in the general population has also been sup-
ported (Barnes & Caltabiano, 2017; Oberle, Samaghabeidi, 
& Hughes, 2017). According to Brown et al. (2012), per-
fectionists interpret experts’ recommendations on healthy 
eating rigidly and adhere to strict dietary rules. In fact, it 
seems that high personal standards are related both to the 
process of eating (selection of raw materials, adherence to 
dietary rules) and to the achievement of physical well-being 
(Barnes & Caltabiano, 2017). However, Bartel et al. (2020) 
suggested that the strength of the relationship between per-
fectionism and orthorexia nervosa is weaker when compared 
with the one between eating disorders and perfectionism.

Crossfit

Crossfit is the second most popular fitness trend in global 
level (Thompson, 2019). It is defined as constantly high-
intensity interval training, which aims at the acquisition of 
physical skills, namely speed, endurance, flexibility, agil-
ity, muscular strength, balance and coordination, so that the 
individual is able to face daily physical challenges to the 
maximum extent (Waryasz et al., 2016). It endorses mus-
cularity ideal for both sexes (Dawson, 2017). The athlete 
performs aerobic and resistance exercises striving either for 

the best time or the maximum number of repetitions of each 
exercise. Training is structured in a way that everyone can 
participate regardless of their fitness level and takes place 
in the box, where advanced athletes and beginners work-
out together with shared music, so that autonomy can be 
avoided (Fisher et al., 2016). Based on this framework, 
coaches aim for creating a competitive and socially sup-
portive environment. Subsequently, exercisers go after the 
recognition of their progress by the team and the acquisi-
tion of a high performance-based position within it (Fisher 
et al., 2016). Thus, the philosophy of Crossfit training lies 
in the active commitment of the population to exercise and 
the strong sense of belonging. Indeed, crossfitters, who par-
ticipated in a recent study, reported that Crossfit training 
not only helped them change their perceptions about their 
fitness, but it also influenced their commitment towards 
their overall health status (Simpson et al., 2017). It is worth 
mentioning that Crossfit coaches encourage athletes to fol-
low a healthy diet plan, which contains high quality protein 
foods, as well as food rich in fat and carbohydrates, but in 
a more restrictive degree and especially before a workout. 
The criterion for dietary behaviors is considered to be the 
effectiveness of training (Gogojewicz et al., 2020). Litera-
ture supports that Crossfit training offers high psychological 
satisfaction (Heinrich et al., 2014) and improves body com-
position, cardiorespiratory endurance and muscular strength 
(Gianzina & Kassotaki, 2019). On the other hand, there are 
indications for increased risk of injury usually in the ana-
tomical area of the shoulders and back (Sprey et al., 2016).

Present study

Based on the existing literature presented above, the study 
aims for examining exercise dependence and orthorexia 
nervosa symptomatology in Crossfit athletes, as well as the 
relationship between perfectionism and these behaviors. In 
line with the above it was hypothesized that (a) the Crossfit 
group would present more exercise addictive behaviors and 
orthorexic symptoms compared to a personal gym workout 
program group, (b) exercise dependence would be posi-
tively correlated with orthorexia nervosa and (c) perfection-
ism would predict exercise dependence and orthorexia.

Method

Participants and procedure

The study included 241 individuals, 130 (53.9%) of them 
were gym members and 111 (46.1%) were regular crossfit-
ters. 51.5% of the participants were male and their mean 
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to adaptive and maladaptive perfectionism. The sentences 
are formulated in a five-point likert scale. It is adapted and 
translated in Greek showing good psychometric properties 
by Diamantopoulou and Platsidou (2014). In our sample, 
the internal consistency was a = 0.87 for Discrepancy sub-
scale and a = 0.75 for High Standards subscale.

Demographics A demographic questionnaire was com-
pleted to collect information regarding the age, gender, 
educational and professional level and workout features; 
namely main type of exercise, months of continuous exer-
cise, frequency, duration and exercise during Covid-19 
quarantine.

Data analysis

T-test for independent samples was used for the comparison 
of quantitative variables between the two groups. Analysis 
of variance (ANOVA) was used to compare quantitative 
variables among more than two groups. The normality of 
the distributions was verified through Kolmogorov-Smirnov 
test. Due to multiple comparisons, Bonferroni correction 
was used to check type I error. Significance level was 0.05/ 
k (k = number of comparisons). The strength and direction 
of the relationship between the variables were examined 
through Pearson correlation. Multiple linear regression 
analysis was used to assess which variables predict inde-
pendently the outcome variables (scoring on ORTO-15 
scale and exercise dependence scale). It was calculated that 
with the sample size of 241 patients in total, the study would 
have 85% power to detect a mean difference between the 
groups with an effect size of 0.4 or more. Significance levels 
are bilateral and statistical significance was set at 0.05. The 
SPSS (Statistical Package for Social Sciences, version 22.0) 
was used for data analysis.

Results

Sociodemographic characteristics of the 
participants

130 (53.9%) of the participants were gym members and 111 
(46.1%) were regular crossfitters. 51.5% of the participants 
were male and the mean age was 26.3 years. The Cross-
fit group (M = 28.41, SD = 4.78) was older compared to the 
gym group (Μ = 24.58, SD = 4.51). This difference in age 
was statistically significant (t (241)= -6.361, p < 0.001, effect 
size = 0.88). Regarding educational and professional level, 
34% of the participants were high school graduates and 
41.1% were unemployed/ students and these percentages 

age was 26.3 years. Criteria for inclusion in the study were 
training at least twice a week, age (18–35 years) and train-
ing regularly for at least six months before quarantine due 
to Covid-19 pandemic and two months after its termination. 
The data collection was conducted digitally from Septem-
ber to November 2020 and participants were approached 
through social media groups about exercise and nutri-
tion. Permission to conduct the research was obtained by 
the Ethics Committee of the 1st Department of Psychia-
try of National and Kapodistrian University of Athens. 
There was no payment or other incentive to complete the 
questionnaires.

Measures

Exercise Dependence The Exercise Dependence Scale-
Revised (EDS-R; Downs et al., 2004) was used to assess 
the symptoms of exercise dependence. It is comprised of 
21 sentences formulated in a six-point likert scale, which 
are divided into 7 subscales: tolerance, withdrawal, lack of 
control, time, reductions in other activities, continuance and 
intention effect. The scale categorizes participants into at-
risk for exercise dependence, nondependent-symptomatic 
or nondependent-asymptomatic groups. The categorization 
is generated by a scoring manual that consists of flowchart 
decision rules, in which items or combinations of items 
determine if an individual would be classified in each range 
on each of the 7 subscales. The dependent range is opera-
tionalized as indicating a score of 5 or 6 for that item. The 
scale has been adapted and translated in Greek showing 
good psychometric properties (Parastatidou et al., 2012). In 
the present study the internal consistency of the scale was 
a = 0.78.

Orthorexia Nervosa The ORTO-15 scale (Donini et al., 
2005) assesses the presence of orthorexia nervosa symp-
toms. It consists of 15 sentences, which focus on behaviors 
of selection, acquisition, preparation and consumption of 
food and receive a score from 1 (indication of orthorexia 
nervosa) to 4 (non disturbed eating behavior).The adaptation 
and translation of the scale was performed by Gonidakis et 
al. (2020) exhibiting good psychometric properties. In our 
sample, the reliability of the scale was a = 0.81. According 
to the authors, a total score of < 30 is indicative of orthorexia 
nervosa symptoms in the Greek population.

Perfectionism The Almost Perfect Scale (APS; Slaney et al., 
2001) evaluates perfectionistic tendencies. It is comprised of 
23 sentences, which correspond to 3 subscales: High stan-
dards, Order and Discrepancy. The rating in the subscale of 
high standards distinguishes an individual as a perfection-
ist or not. The rating in the subscale of discrepancy refers 
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Correlations

Pearson r correlations among variables for the total sample 
are presented in Table 2. Specifically, exercise dependence 
was found to be negatively correlated to orthorexia nervosa 
scoring and positively correlated to perfectionism high stan-
dards and discrepancy. Orthorexia scoring was negatively, 
but weakly, correlated to perfectionism high standards. No 
statistically significant correlation was observed between 
orthorexia nervosa and discrepancy. Pearson r correlations 
were also calculated for each group separately; however the 
majority of them were not statistically significant due to the 
reduction of the sample.

Predictive factors of exercise dependence

Consequently, multiple linear regression analysis was 
applied in order to examine the research hypothesis that the 
dimensions of perfectionism will predict exercise depen-
dence and orthorexia nervosa symptoms. The latter variables 
were set as dependent variables in two distinct regression 
models. Demographics, type of exercise, exercise features, 
high standards and discrepancy were entered as indepen-
dent variables. Table 3 shows the linear regression model 
in respect to exercise dependence variable. Specifically, the 
type of exercise was found to predict exercise dependence in 
a statistically significant level (B = 4.02, SE = 2.20, p < 0.05). 
Similarly, exercise frequency (B = 2.93, SE = 0.89, p < 0.001) 
and exercise duration (B = 0.12, SE = 0.03, p < 0.001) appear 
to predict independently the outcome variable. Finally, it 
was found that perfectionism subscales, namely discrep-
ancy (B = 0.64, SE = 0.12, p < 0.001) and high standards 
(B = 0.85, SE = 0.28, p < 0.05) have predictive power. The 
above variables explain 33% of the total variance of exercise 

were higher in the group of individuals, who chose personal 
training as their main way of exercising [(χ2(2) = 11.34, 
p < 0.05, effect size = 0.22) and (χ2 (3) = 18.29, p < 0.001, 
effect size = 0.26) respectively]. Cramér’ s V measurement 
was used to calculate the effect sizes. In terms of exercise 
features, 45.2% of participants had been exercising for more 
than 3 consecutive years before the imposition of lock down 
due to Covid-19 pandemic, while 44% of them continued 
to workout in parks or at home during lock down 3–4 times 
a week. In the last seven days, the average training dura-
tion was 75.9 min (SD = 32.1) and the average exercise fre-
quency was 4.4 times (SD = 1.3).

Differences between exercise groups regarding 
exercise dependence, orthorexia nervosa and 
perfectionism

The investigation of possible differences between the two 
groups in terms of exercise dependence, orthorexia nervosa 
and perfectionism was conducted through t-test for indepen-
dent samples (Table 1). No statistically significant results 
were observed, apart from the exercise dependence scale, 
in which crossfitters scored higher (M = 66.06, SD = 19.55) 
than gym members (M = 61.39, SD = 16.92) in a significant 
level (t (241) = 1.988, p < 0.05, effect size = 0.25). In addi-
tion, 3.8% of gym members and 19.8% of crossfitters were 
at risk for exercise dependence. The difference between 
the two groups was statistically significant (χ2 (2) = 15.50, 
p < 0.001, effect size = 0.27). A point of interest is that, after 
the implementation of Bonferroni post hoc test, the symp-
toms of obligatory exercise were more pronounced in indi-
viduals, who used to workout more than 5 times a week 
compared to those, who used to exercise 1–4 times, at a 
significant level F( 2,238) = 3.92, p < 0.05, η2 = 0.03. At the 
same time, keeping in mind that a cut-off point of 30 was 
used in ORTO-15 scale, it was revealed that 10% of gym 
members and 11.7% of crossfitters had orthorexic symp-
toms. There was no significant difference between the two 
groups (χ2 (1) = 0.93, ns).

Table 1 T-test among exercise groups
Variables Mean SD t Effect size p
Exercise dependence Gym 61.4 16.9 1.988 0.25 < 0.05

Crossfit 66.1 19.6
Orthorexia nervosa Gym 34.3 4.2 0.237 0.02 ns

Crossfit 34.4 4.1
High standards Gym 29.2 3.9 1.148 0.16 ns

Crossfit 29.8 3.5
Discrepancy Gym 33.8 11.1 -0.043 0.0 ns

Crossfit 33.8 12.8

Table 2 Pearson r correlations among study variables
Variables 1 2 3 4
1.Exercise dependence 1 − 0.20* 0.27** 0.41*
2.Orthorexia 1 − 0.14* − 0.07
3.High standards 1 0.17*
4.Discrepancy 1
*p < 0.05, **p < 0.001
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Predictive factors of orthorexia nervosa

Table 4 shows the linear regression model in respect to 
orthorexia nervosa variable. Gender was found to predict in 
a statistically significant level the scoring in ORTO-15 scale 
(B = 1.14, SE = 0.58, p < 0.05). It was revealed that men were 
more likely to express orthorexic behaviors compared to 
women. In addition, high standards predict independently 
the outcome variable (B= -0.14, SE = 0.07, p < 0.05). Gender 
and high standards subscale interpret 9% of the total variance 
of orthorexia nervosa variable (R2 = 0.09, F(15,225) = 1.56, 
p < 0.05).

Discussion

Recent studies have suggested the investigation of exercise 
dependence among athletes populations and individuals, 
who workout in non-competitive environments, includ-
ing gym (Di Lodovico et al., 2019). At the same time, the 
growing literature on orthorexia nervosa highlights the need 
for studies in high-risk populations, such as amateur ath-
letes, given the social promotion of the ideal of “healthy 
individual” (Kiss-Leizer et al., 2019). Taking into account 
the existing literature, the present study is the first attempt 
to investigate exercise dependence and orthorexia nervosa 
in Crossfit athletes compared to gym exercisers. We found 
that 19.8% of Crossfit athletes and 3.8% of individuals, who 
workout at the gym, were at risk for exercise addiction. The 
type of exercise was a strong predictor of exercise depen-
dence symptoms. This finding is consistent with previous 
research, according to which symptoms of addiction are 
more evident in high-intensity sports (Di Lodovico et al., 
2018). Furthermore, it has been suggested that the work-
out environment may act as a trigger for obligatory exercise 
symptoms (Di Lodovico et al., 2019).

In addition, we found that 10% of individuals in the 
gym training group and 11.7% of individuals, who follow a 
Crossfit workout program, had orthorexic behaviors. In the 
study of Gonidakis et al. (2020) the rate of orthorexia ner-
vosa was found to be 2.5% in Greek students. A cut-off point 
of 30 at ORTO-15 questionnaire was used. The recognition 
of regular exercisers as a group vulnerable to orthorexic 
behaviors is empirically supported (Bona et al., 2019). Nev-
ertheless, the present study failed to show that orthorexia 
nervosa is more pronounced in Crossfit, possibly due to the 
fact that the two groups has similar exercise parameters, 
such as months of training and exercise duration.

At the same time, it was found that exercise dependence 
symptoms were positively, but weakly, correlated with the 
appearance of orthorexia nervosa symptoms in the whole 
sample. The coexistence of these pathological behaviors has 
been underpinned by previous research and is attributed to 

dependence variable (R2 = 0.33, F(15,225) = 7.43, p < 0.01). 
The interaction between the APS scale and the type of exer-
cise was examined and it was not significant; thus the effect 
of discrepancy and high standards subscales is the same in 
both exercise groups.

Table 3 Summary of multiple hierarchical regression for exercise 
dependence predictors

Β SE p
Gender Male (control)

Female 0.21 2.20 0.925
Age 0.12 0.29 0.676
Education High school (control)

Bachelor -1.89 2.47 0.447
Master/Doctorate -1.25 3.34 0.708

Job No (control)
Yes -0.02 2.65 0.995

Exercise group Gym (control)
Crossfit 4.02 2.01 0.036

Months of con-
tinuous exercise

6–12 (control)
12–36 0.31 2.89 0.915
> 36 0.69 2.42 0.777

Exercise during 
Covid-19 quar-
antine (times per 
week)

> 5 times (control)
None -1.80 4.73 0.704
1–4 times -2.44 2.32 0.294

Exercise frequency 2.93 0.89 0.001
Exercise duration 0.12 0.03 < 0.001
Discrepancy 0.64 0.12 < 0.001
High standards 0.85 0.28 0.003

Table 4 Summary of multiple hierarchical regression for orthorexia 
nervosa predictors

Β SE p
Gender Male (control)

Female 1.14 0.58 0.033
Age 0.01 0.08 0.915
Education High school (control)

Bachelor 0.45 0.65 0.488
Master/Doctorate -0.27 0.88 0.763

Job No (control)
Yes 0.98 0.70 0.161

Exercise group Gym (control)
Crossfit 0.18 0.59 0.759

Months of con-
tinuous exercise

6–12 (control)
12–36 -0.44 0.76 0.565
> 36 -0.81 0.64 0.204

Exercise during 
Covid-19 quar-
antine (times per 
week)

> 5 times (control)
None -0.12 1.25 0.924
1–4 times 0.68 0.61 0.264

Exercise frequency -0.24 0.23 0.314
Exercise duration -0.01 0.01 0.411
Discrepancy -0.03 0.03 0.346
High standards -0.14 0.07 0.011
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disturbance, including concerns about weight or muscular-
ity-oriented attitudes, was not evaluated in the participants. 
Another important limitation is the exclusive use of self-
reported questionnaires, given the fact that individuals often 
create a narrative identity of themselves, which might not 
fully respond to reality (Zinbarg et al., 2008). The use of 
interview as a psychometric tool in combination with self-
report questionnaires in future research could increase the 
reliability and validity of the present findings. The cross-
sectional design of the study is also a limitation, as it does 
not permit the investigation of causal relationships between 
the variables. Finally, it should be noted that data collec-
tion took place between the two quarantines (from March to 
April 2020 and from October to May 2021) due to Covid-19 
pandemic in Greece. The lack of available sports facilities 
under this social condition probably influenced individuals’ 
exercise and eating behaviors.

Conclusion

The present study showed that exercise dependence symp-
toms are more pronounced in Crossfit athletes compared 
to active gym members and that orthorexia nervosa is a 
noteworthy phenomenon in the population of active exer-
cisers. Raising the awareness of Crossfit coaches regard-
ing the increased risk of developing exercise addictive and 
orthorexic behaviors can contribute to the early detection of 
symptoms among athletes. In addition, the knowledge of the 
possible comorbidity will be useful in the context of clinical 
evaluation by nutrition professionals. Overall, this research 
expands the current literature on exercise dependence and 
orthorexia nervosa aiming at their inclusion in diagnostic 
manuals of mental disorders. We strongly encourage future 
researchers to select specific target populations in order to 
gain a better understanding of these pathological behaviors 
and their personality background.

Data Availability The datasets analyzed during the current study are 
available from the corresponding author on reasonable request.

Declarations

Conflict of interest On behalf of all authors, the corresponding author 
states that there is no declaration of interest.

References

Abdullah, M. A., Hourani, A., H. M., & Alkhatib, B. (2020). Preva-
lence of orthorexia nervosa among nutrition students and nutri-
tionists: Pilot study. Clinical Nutrition, 40, 144–148.

Almeida, C., Borba, V. V., & Santos, L. (2018). Orthorexia nervosa in a 
sample of Portuguese fitness participants. Eating and Weight Dis-
orders-Studies on Anorexia Bulimia and Obesity, 23(4), 443–451.

the social construction of the ideal of “health”, according 
to which every citizen has personal responsibility towards 
achieving physical well-being through healthy eating habits 
(increase in organic stores) and physical exercise (Oberle et 
al., 2018). In fact, Haman et al. (2015) introduced the term 
“fitness culture”, in which healthy diet is essential for maxi-
mum physical performance during workout.

Further to the findings mentioned above, we hypoth-
esized that perfectionism would independently predict the 
onset of exercise dependence symptoms. The hypothesis 
was confirmed, as it was found that individuals, who set 
high personal standards and evaluate themselves in a strict 
way, exhibit escalating obligatory exercise behaviors. The 
two dimensions of perfectionism predicted exercise depen-
dence. This finding is in line with the study of Hauck et al. 
(2020). In addition, the hypothesis that both dimensions of 
perfectionism will predict orthorexic symptoms was only 
narrowly verified in the case of high personal standards. 
This confirms the study of Barnes and Caltabiano (2017) in 
220 individuals, who found that self-directed perfectionism 
is positively correlated with orthorexia nervosa. The weak 
character of the relationship has been argued in the exist-
ing literature (Bartel et al., 2020). This finding support the 
suggestion that the relationship between perfectionism and 
distorted eating is more profound in eating disorders that 
orthorexia nervosa (Dahlenburg et al., 2019). The knowl-
edge of the role of individual differences in psychopathology 
can contribute to the improvement of prevention programs, 
as they will focus on vulnerable populations.

Moreover the study showed that exercise frequency and 
duration independently predict compulsory exercise along 
with the type of training and the dimensions of perfec-
tionism. The finding that the more frequent and longer the 
workout, the more severe the symptoms of exercise addic-
tion are, is empirically supported (Lichtenstein & Støv-
ing, 2016). No gender differences were found in exercise 
commitment, although studies showed higher rates in men 
(Meulemans et al., 2014) or women (Weik & Hale, 2009). 
Ambiguous results are probably related to the use of differ-
ent psychometric tools. With regard to orthorexia nervosa, 
there were significant gender differences. The present study 
in line with previous studies (Donini et al., 2004; Fidan et 
al., 2010) indicated that men had more orthorexic symptoms 
than women. This finding can be interpreted by bearing in 
mind the greater impact of social stereotypes about physical 
appearance in male population (Donini et al., 2004).

Limitations

The presence of anorexia or bulimia nervosa symptoms 
in participants was not assessed to rule the possibility of 
secondary exercise dependence. In addition, body image 

1 3



Current Psychology

progression from healthy eating to excessive preoccupation with 
healthy eating. Experiences of Dutch health professionals. Appe-
tite, 158.

Downs, D. S., Hausenblas, H. A., & Nigg, C. R. (2004). Factorial 
validity and psychometric examination of the Exercise Depen-
dence Scale-Revised. Measurement in physical education and 
exercise science, 8(4), 183–201.

Dunn, T. M., & Bratman, S. (2016). On orthorexia nervosa: A review 
of the literature and proposed diagnostic criteria. Eating behav-
iors, 21, 11–17.

Dunn, T. M., Gibbs, J., Whitney, N., & Starosta, A. (2017). Prevalence 
of orthorexia nervosa is less than 1%: data from a US sample. 
Eating and Weight Disorders-Studies on Anorexia Bulimia and 
Obesity, 22(1), 185–192.

Fidan, T., Ertekin, V., Isikay, S., & Kırpınar, I. (2010). Prevalence of 
orthorexia among medical students in Erzurum, Turkey. Compre-
hensive psychiatry, 51(1), 49–54.

Fisher, J., Sales, A., Carlson, L., & Steele, J. (2016). A comparison of 
the motivational factors between CrossFit participants and other 
resistance exercise modalities: a pilot study. Journal Of Sports 
Medicine And Physical Fitness, 57(9), 1227–1234.

Gianzina, E. A., & Kassotaki, O. A. (2019). The benefits and risks of 
the high-intensity CrossFit training. Sport Sciences for Health, 
15(1), 21–33.

Gonidakis, F. (2020). Poulopoulou, C., Michopoulos, I., Varsou, E. Val-
idation of the Greek ORTO-15 questionnaire for the assessment 
of Orthorexia Nervosa and its relation to eating disorders symp-
tomatology. Eating and Weight Disorders, 26 (8), 2471–2479.

Gogojewicz, A., Sliwicka, E., & Durkalec-Michalski, K. (2020). 
Assessment of dietary intake and nutritional status in CrossFit-
trained individuals: A descriptive study. International journal of 
environmental research and public health, 17(13).

Gucciardi, D. F., Law, K. H., Guerrero, M. D., Quested, E., Thogersen-
Ntoumani, C., Ntoumanis, N., & Jackson, B. (2020). Longitudinal 
relations between psychological distress and moderate-to-vigor-
ous physical activity: A latent change score approach. Psychology 
of Sport and Exercise, 47.

Hall, H. K. (2006). Perfectionism: A hallmark quality of world class 
performers, or a psychological impediment to athletic develop-
ment. Essential processes for attaining peak performance, 1(7), 
178–211.

Hall, H. K., Hill, A. P., Appleton, P. R., & Kozub, S. A. (2009). The 
mediating influence of unconditional self-acceptance and labile 
self-esteem on the relationship between multidimensional perfec-
tionism and exercise dependence. Psychology of Sport and Exer-
cise, 10(1), 35–44.

Haman, L., Barker-Ruchti, N., Patriksson, G., & Lindgren, E. C. 
(2015). Orthorexia nervosa: An integrative literature review of a 
lifestyle syndrome. International journal of qualitative studies on 
health and well-being, 10(1).

Haman, L., Lindgren, E. C., & Prell, H. (2017). “If it’s not Iron it’s 
Iron f* cking biggest Ironman”: personal trainers’ views on health 
norms, orthorexia and deviant behaviours. International journal 
of qualitative studies on health and well-being, 12(2).

Hauck, C., Schipfer, M., Ellrott, T., & Cook, B. (2020). The relation-
ship between food addiction and patterns of disordered eating 
with exercise dependence: in amateur endurance athletes. Eating 
and Weight Disorders-Studies on Anorexia Bulimia and Obesity, 
25(6), 1573–1582.

Hausenblas, H. A., & Downs, D. S. (2002). Exercise dependence: 
A systematic review. Psychology of sport and exercise, 3(2), 
89–123.

Hausenblas, H. A., Schreiber, K., & Smoliga, J. M. (2017). Addiction 
to exercise.BMJ, 357.

Heinrich, K. M., Patel, P. M., O’Neal, J. L., & Heinrich, B. S. (2014). 
High-intensity compared to moderate-intensity training for 

American Psychiatric Association. (2000). Diagnostic and Statistical 
manual of Mental Disorders (4th ed.). Washington, DC: Author.

American Psychiatric Association. (2013). Diagnostic and Statistical 
manual of Mental Disorders (5th ed.). Washington, DC: Author.

Bardone-Cone, A. M., Wonderlich, S. A., Frost, R. O., Bulik, C. M., 
Mitchell, J. E., Uppala, S., & Simonich, H. (2007). Perfectionism 
and eating disorders: Current status and future directions. Clinical 
psychology review, 27(3), 384–405.

Barnes, M. A., & Caltabiano, M. L. (2017). The interrelationship 
between orthorexia nervosa, perfectionism, body image and 
attachment style. Eating and Weight Disorders-Studies on 
Anorexia Bulimia and Obesity, 22(1), 177–184.

Bartel, S. J., Sherry, S. B., Farthing, G. R., & Stewart, S. H. (2020). 
Classification of orthorexia nervosa: Further evidence for place-
ment within the eating disorders spectrum. Eating Behaviors, 38.

Bona, E., Szel, Z., Kiss, D., & Gyarmathy, V. A. (2019). An unhealthy 
health behavior: analysis of orthorexic tendencies among Hun-
garian gym attendees. Eating and Weight Disorders-Studies on 
Anorexia Bulimia and Obesity, 24(1), 13–20.

Bratman, S., & Knight, D. (2000). Health food junkies. Orthorexia 
nervosa: overcoming the obsession with healthful eating. New 
York: Broadway Books.

Brown, A. J., Parman, K. M., Rudat, D. A., & Craighead, L. W. (2012). 
Disordered eating, perfectionism, and food rules. Eating behav-
iors, 13(4), 347–353.

Cakın, G., Juwono, I. D., Potenza, M. N., & Szabo, A. (2021). Exercise 
Addiction and Perfectionism: A Systematic Review of the Litera-
ture. Current Addiction Reports, 8, 144–155.

Cheshire, A., Berry, M., & Fixsen, A. (2020). What are the key features 
of orthorexia nervosa and influences on its development? A quali-
tative investigation. Appetite, 155.

Costa, S., Hausenblas, H. A., Oliva, P., Cuzzocrea, F., & Larcan, R. 
(2016). Maladaptive perfectionism as mediator among psycho-
logical control, eating disorders, and exercise dependence symp-
toms in habitual exerciser. Journal of Behavioral Addictions, 
5(1), 77–89.

Curran, T., & Hill, A. P. (2019). Perfectionism is increasing over time: 
A meta-analysis of birth cohort differences from 1989 to 2016. 
Psychological Bulletin, 145(4), 410–429.

Dahlenburg, S. C., Gleaves, D. H., & Hutchinson, A. D. (2019). 
Anorexia nervosa and perfectionism: A meta-analysis. Interna-
tional Journal of Eating Disorders, 52(3), 219–229.

Dawson, M. C. (2017). CrossFit: Fitness cult or reinventive institution? 
International review for the sociology of sport, 52(3), 361–379.

Diamantopoulou, G., & Platsidou, M. (2014). Factorial validity and 
psychometric properties of the Greek version of the Almost Per-
fect Scale Revised (APS-R). Hellenic Journal of Psychology, 
11(2), 123–137.

Di Lodovico, L., Dubertret, C., & Ameller, A. (2018). Vulnerability 
to exercise addiction, socio-demographic, behavioral and psy-
chological characteristics of runners at risk for eating disorders. 
Comprehensive Psychiatry, 81, 48–52.

Di Lodovico, L., Poulnais, S., & Gorwood, P. (2019). Which sports are 
more at risk of physical exercise addiction: a systematic review. 
Addictive behaviors, 93, 257–262.

Donini, L. M., Marsili, D., Graziani, M. P., Imbriale, M., & Cannella, 
C. (2005). Orthorexia nervosa: validation of a diagnosis question-
naire. Eating and Weight Disorders-Studies on Anorexia Bulimia 
and Obesity, 10(2), 28–32.

Donini, L. M., Marsili, D., Graziani, M. P., Imbriale, M., & Cannella, 
C. (2004). Orthorexia nervosa: a preliminary study with a pro-
posal for diagnosis and an attempt to measure the dimension 
of the phenomenon. Eating and Weight Disorders-Studies on 
Anorexia Bulimia and Obesity, 9(2), 151–157.

Douma, E. R., Valente, M., & Syurina, E. V. (2021). Developmen-
tal pathway of orthorexia nervosa: Factors contributing to 

1 3



Current Psychology

Disorders-Studies on Anorexia Bulimia and Obesity, 23(5), 
581–586.

Scharmer, C., Gorrell, S., Schaumberg, K., & Anderson, D. (2020). 
Compulsive exercise or exercise dependence? Clarifying concep-
tualizations of exercise in the context of eating disorder pathol-
ogy. Psychology of Sport and Exercise, 46.

Simpson, D., Prewitt-White, T. R., Feito, Y., Giusti, J., & Shuda, R. 
(2017). Challenge, commitment, community, and empowerment: 
Factors that promote the adoption of CrossFit as a training pro-
gram. The Sport Journal, 24, 1–7.

Slaney, R. B., Rice, K. G., Mobley, M., Trippi, J., & Ashby, J. S. (2001). 
The Revised Almost Perfect Scale. Measurement and Evaluation 
in Counselling and Development, 34, 130–145.

Sofi, F., Cesari, F., Abbate, R., Gensini, G. F., & Casini, A. (2008). 
Adherence to Mediterranean diet and health status: meta-analy-
sis. BMJ, 337.

Sprey, J. W., Ferreira, T., de Lima, M. V., Duarte Jr, A., Jorge, P. B., & 
Santili, C. (2016). An epidemiological profile of crossfit athletes 
in Brazil. Orthopaedic journal of sports medicine, 4(8), https://
doi.org/10.1177/2325967116663706

Stoeber, J. (2014). Perfectionism in sport and dance: A double-
edged sword. International Journal of Sport Psychology, 45(4), 
385–394.

Stoeber, J., & Stoeber, F. S. (2009). Domains of perfectionism: Preva-
lence and relationships with perfectionism, gender, age, and sat-
isfaction with life. Personality and individual differences, 46(4), 
530–535.

Stoeber, J., Madigan, D. J., & Gonidis, L. (2020). Perfectionism is 
adaptive and maladaptive, but what’s the combined effect? Per-
sonality and Individual Differences, 161, 109846.

Taranis, L., & Meyer, C. (2010). Perfectionism and compulsive exer-
cise among female exercisers: High personal standards or self-
criticism? Personality and Individual Differences, 49(1), 3–7.

Thompson, W. R. (2019). Worldwide survey of fitness trends for 2020. 
ACSM’s Health & Fitness Journal, 23(6), 10–18.

Varga, M., Dukay-Szabo, S., Tury, F., & van Furth Eric, F. (2013). 
Evidence and gaps in the literature on orthorexia nervosa. Eating 
and Weight Disorders-Studies on Anorexia Bulimia and Obesity, 
18(2), 103–111.

Veale, D. M. W. (1987). Exercise dependence. British journal of addic-
tion, 82(7), 735–740.

Waryasz, G. R., Suric, V., Daniels, A. H., Gil, J. A., & Eberson, 
C. P. (2016). CrossFit instructor demographics and practice 
trends.Orthopedic reviews, 8(4).

Weik, M., & Hale, B. D. (2009). Contrasting gender differences on 
two measures of exercise dependence. British Journal of Sports 
Medicine, 43(3), 204–207.

White, M., Berry, R., & Rodgers, R. F. (2020). Body image and body 
change behaviors associated with orthorexia symptoms in males. 
Body Image, 34, 46–50.

World Health Organization (2018). International classification of dis-
eases for mortality and morbidity statistics (11th ed.). Retrieved 
from https://icd.who.int/browse11/l-m/en

Zinbarg, R. E., Uliaszek, A. A., & Adler, J. M. (2008). The role 
of personality in psychotherapy for anxiety and depres-
sion. Journal of personality, 76(6), 1649–1688. https://doi.
org/10.1111/j.1467-6494.2008.00534.x

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

Springer Nature or its licensor holds exclusive rights to this article under 
a publishing agreement with the author(s) or other rightsholder(s); 
author self-archiving of the accepted manuscript version of this arti-
cle is solely governed by the terms of such publishing agreement and 
applicable law.

exercise initiation, enjoyment, adherence, and intentions: an 
intervention study. BMC public health, 14(1), 789.

Kiss-Leizer, M., Toth-Kiraly, I., & Rigo, A. (2019). How the obses-
sion to eat healthy food meets with the willingness to do sports: 
the motivational background of orthorexia nervosa. Eating and 
Weight Disorders-Studies on Anorexia Bulimia and Obesity, 
24(3), 465–472.

Lakhan, S. E., & Vieira, K. F. (2008). Nutritional therapies for mental 
disorders. Nutrition journal, 7(1), 2.

Lee, J., & MacDonald, D. (2010). Are they just checking our obesity 
or what?’ The healthism discourse and rural young women. Sport 
Education and Society, 15(2), 203–219.

Levit, M., Weinstein, A., Weinstein, Y., Tzur-Bitan, D., & Weinstein, 
A. (2018). A study on the relationship between exercise addiction, 
abnormal eating attitudes, anxiety and depression among athletes 
in Israel. Journal of behavioral addictions, 7(3), 800–805.

Lichtenstein, M. B., Emborg, B., Hemmingsen, S. D., & Hansen, N. B. 
(2017). Is exercise addiction in fitness centers a socially accepted 
behavior? Addictive behaviors reports, 6, 102–105.

Lichtenstein, M., & Støving, R. K. (2016). Exercise addiction: Identifi-
cation and prevalence in physically active adolescents and young 
eating disordered patients. European Psychiatry, 33(1), 116–117.

Lo, A., & Abbott, M. J. (2013). The impact of manipulating expected 
standards of performance for adaptive, maladaptive, and non-
perfectionists. Cognitive Therapy and Research, 37(4), 762–778.

Mayolas-Pi, C., Simon-Grima, J., Penarrubia-Lozano, C., Munguia-
Izquierdo, D., Moliner-Urdiales, D., & Legaz-Arrese, A. (2016). 
Exercise addiction risk and health in male and female amateur 
endurance cyclists. Journal of Behavioral Addictions, 6(1), 
74–83.

Meulemans, S., Pribis, P., Grajales, T., & Krivak, G. (2014). Gender 
differences in exercise dependence and eating disorders in young 
adults: A path analysis of a conceptual model. Nutrients, 6(11), 
4895–4905.

Monok, K., Berczik, K., Urban, R., Szabo, A., Griffiths, M. D., Farkas, 
J., & Kun, B. (2012). Psychometric properties and concurrent 
validity of two exercise addiction measures: A population wide 
study. Psychology of Sport and Exercise, 13(6), 739–746.

Moore, S. C., Lee, I. M., Weiderpass, E., Campbell, P. T., Sampson, 
J. N., Kitahara, C. M., & Adami, H. O. (2016). Association of 
leisure-time physical activity with risk of 26 types of cancer in 
1.44 million adults. JAMA internal medicine, 176(6), 816–825.

Nogueira, A., Molinero, O., Salguero, A., & Márquez, S. (2018). Exer-
cise addiction in practitioners of endurance sports: A literature 
review. Frontiers in psychology, 9.

Oberle, C. D., & Lipschuetz, S. L. (2018). Orthorexia symptoms cor-
relate with perceived muscularity and body fat, not BMI. Eating 
and Weight Disorders-Studies on Anorexia Bulimia and Obesity, 
23(3), 363–368.

Oberle, C. D., Samaghabadi, R. O., & Hughes, E. M. (2017). 
Orthorexia nervosa: Assessment and correlates with gender, BMI, 
and personality. Appetite, 108, 303–310.

Oberle, C. D., Watkins, R. S., & Burkot, A. J. (2018). Orthorexic eating 
behaviors related to exercise addiction and internal motivations in 
a sample of university students. Eating and Weight Disorders-
Studies on Anorexia Bulimia and Obesity, 23(1), 67–74.

Parastatidou, I. S., Doganis, G., Theodorakis, Y., & Vlachopoulos, S. 
P. (2012). Addicted to exercise: Psychometric properties of the 
Exercise Dependence Scale-Revised in a sample of Greek exer-
cise participants. European Journal of Psychological Assessment, 
28(1), 3–10.

Plichta, M., & Jezewska-Zychowicz, M. (2019). Eating behaviors, 
attitudes toward health and eating, and symptoms of orthorexia 
nervosa among students. Appetite, 137, 114–123.

Rudolph, S. (2018). The connection between exercise addiction and 
orthorexia nervosa in German fitness sports. Eating and Weight 

1 3

http://dx.doi.org/10.1177/2325967116663706
http://dx.doi.org/10.1177/2325967116663706
https://icd.who.int/browse11/l-m/en
http://dx.doi.org/10.1111/j.1467-6494.2008.00534.x
http://dx.doi.org/10.1111/j.1467-6494.2008.00534.x

	Exercise dependence and orthorexia nervosa in Crossfit: exploring the role of perfectionism
	Abstract
	Exercise dependence
	Orthorexia nervosa
	Exercise dependence and orthorexia nervosa
	Perfectionism
	Perfectionism and exercise dependence
	Perfectionism and orthorexia nervosa
	Crossfit
	Present study
	Method
	Participants and procedure
	Measures
	Data analysis

	Results
	Sociodemographic characteristics of the participants
	Differences between exercise groups regarding exercise dependence, orthorexia nervosa and perfectionism
	Correlations
	Predictive factors of exercise dependence
	Predictive factors of orthorexia nervosa

	Discussion
	Limitations

	Conclusion
	References


