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ABSTRACT
1) Background: The common factors which potentially contribute to the development of eating disorders and exercise dependence during early adulthood are still relatively unclear. The present study aimed to examine the role of
BMI, body image inﬂexibility, and generalized anxiety in these two behavioral problems in a sample of college students. 2) Methods: In total, 878 habitual exercisers (58.1% male with BMI = 22.12 ± 2.39; 41.9% female with BMI
= 20.55 ± 2.21) with age of 20.09 ± 1.76 years participated in this study. The main outcomes of interest are exercise
dependence symptoms, eating disorders symptoms, body image inﬂexibility, and symptoms of generalized anxiety
(as measured by Exercise Dependence Scale-Revised, Eating Disorder Examination-Questionnaire-Short Form, Body
Image Acceptance and Action Questionnaire, and Generalized Anxiety Disorder-7, respectively). Pearson correlation,
path analysis, and model ﬁt information were tested. 3) Results: After controlling for age, gender, and ﬁeld of study,
lower BMI was linked to more exercise dependence symptoms but this association was not statistically signiﬁcant,
while a greater BMI was signiﬁcantly associated with a higher risk of developing eating disorders (β = −0.08,
p < 0.001). Moreover, higher body image inﬂexibility signiﬁcantly and positively contributed to severe exercise dependence (β = 0.26, p < 0.001) as well as abnormal eating attitudes and behaviors (β = 0.74, p < 0.001). Furthermore, generalized anxiety is a signiﬁcant contributor to exercise dependence symptoms (β = 0.14, p < 0.001) but not eating
disorders symptoms. 4) Conclusion: Based on our ﬁnding that body image inﬂexibility is a common risk factor
for the development of exercise dependence and eating disorders, the prevention and treatment of these two disorders should involve the improvement of psychological ﬂexibility. In addition, the individual with a higher BMI is
more vulnerable to developing eating disorders, while those who have severer generalized anxiety symptoms should
be given more attention when screening for exercise dependence.
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1 Introduction
Early adulthood (18–29 years) is a unique period of human development from late adolescence to
adulthood, in which individuals often start to take more care about their physical appearance (e.g., their
body image) [1,2]. Moreover, in this life stage, young adults start to modify their eating and exercise
habits [3]. For example, in order to shape their body, some college students attempt to change their
physical appearance (appropriate body weight and muscle mass) through extreme behavioral changes
such as over-exercising and excessive food restriction [4]. The strongly intertwined behaviors of overexercising and excessive food restriction [5,6] may increase the risk of developing exercise dependence
(EXD) and eating disorders (ED) [7–9]. EXD is a phenomenon that is characterized by uncontrollable
excessive engagement in exercise behaviors that negatively affects personal life [10]. For instance, a
higher risk of bone fractures and musculoskeletal injuries was found among individuals who engaged in
excessive physical exercise [11] while being deprived of the change to do exercise has been associated
with withdrawal symptoms (e.g., anxiety and depression), attention deﬁcits and sleep problems in
dependent exercisers [10,12]. With regard to ED, it is characterized by severe eating behavior and body
image perception disturbances, which affect individual’s body weight and health [13]. Previous
investigations into the EXD-ED relationship have mainly focused on levels of comorbidity [14].
However, the shared contributors to developing these two disorders remain largely unknown. To this end,
identiﬁcation of common contributors is urgently needed, so that tailored intervention programs can be
designed for these at-risk individuals.
The role of body mass index (BMI) in the development of EXD and ED has been reported in previous
studies [15–19]. The evidence concerning a relationship between BMI and EXD is mixed. Some studies
observed a negative association between BMI and EXD [15,17], whereas other studies did not reveal
such a relationship [20,21]. Regarding ED, the perceived pressure to become thin was increased by the
elevated BMI [19]. Those with weight-related pressure and thin-related attitude had a higher risk of
developing ED [22–24]. Several studies provided evidence for an association between higher BMI and
increased severity of ED symptoms [16,18,19]. In addition, higher BMI has also been linked to greater
body dissatisfaction (i.e., a negative attitude towards one’s own physical appearance) and body image
inﬂexibility (BII) (i.e., unwillingness to experience negative appearance-related thoughts and emotions),
which reinforce the crucial role of BMI in body perception [25–28].
The body-related attitude was observed as a signiﬁcant predictor of EXD and ED symptoms [29]. Young
adults with BII tend to select physical exercise as one of the readily accessible strategies to change their body
image [5,11]. For example, individuals with body image dissatisfaction do regular physical exercise for
weight loss and for toning their bodies [30]. This type of exercise motivation can lead to unhealthy
exercise behaviours and probably causes feelings of EXD [11]. Body image dissatisfaction often
contributes to ED symptoms [31,32]. Since body dissatisfaction, is a widespread phenomenon, which was
also called “normative discontent” [33], some authors have started to stress the importance for individuals
to develop the ability to adjust the negative feelings about their body and not let them affect their life and
well-being by applying body image ﬂexibility [34,35]. Some studies have reported that lower BII (i.e.,
greater ability to cope with negative appearance-related thoughts and emotions) was associated with
better treatment outcomes in interventions dealing with ED [36,37]. Collectively, body-related perception
or attitude (e.g., BII) may be predictive of ED and EXD.
Anxiety may be predictive of these co-occurring psychiatric disorders. A relationship between EXD and
anxiety level was found among 16-to-68-year-old individuals who exercised for professional purposes and
recreation [38]. Dependent exercisers reported withdrawal symptoms (e.g., anxiety and fatigue) when
physical exercise was deprived [10]. Furthermore, a recent study by Back et al. [39] aimed to identify
psychological risk factors (e.g., obsessive passion, physical appearance, and anxiety) for developing EXD
among 330 habitual exercisers recruited from sports clubs, exercise groups, and sport science college
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students. Results indicated that anxiety was the main predictor of EXD [39]. Likewise, association was also
found in ED symptoms and anxiety [40]; lifetime anxiety is common in ED patients [41] and disordered
eating women [42]. Some studies indicated that anxiety disorders can precede the onset of ED [43,44].
Concerning generalized anxiety disorders, it was noticed that this type of anxiety is also prevalent in
individuals suffering from eating disorders [45,46]. Moreover, in subclinical eating disorders individuals,
higher level of generalized anxiety symptoms were observed as compared to individuals who do not
suffer from eating disorders [47]. Collectively, this study aimed to determine whether generalized anxiety
is an important predictor of developing EXD and ED.
Existing evidence indicates that BMI, BII, and generalized anxiety are independently related to EXD
[15,17] and ED [16,18,19]. To date, no studies have comprehensively examined multiple factors
including BMI, BII, and generalized anxiety. To ﬁll in this research gap, this study aimed to examine the
relative contributions of BMI, BII, and generalized anxiety to symptoms of EXD and ED. We
hypothesize that BMI, BII, and generalized anxiety are predictors of both exercise dependence and eating
disorder symptoms.
2 Materials and Methods
2.1 Participants and Procedure
Participants were recruited from sport universities and sport clubs in universities, from November 28th
to December 27th, 2020. Using snowball sampling, the data were collected anonymously through
Questionnaire Star via online social media. All participants (N = 1282) had signed their electronic consent
before starting questionnaire. To ensure that participants were habitual exercisers, exercise frequency
(3 times per week) as a cut-off score was used (recommended by American College of Sports Medicine
and American Heart Association) [48]. Participants were excluded if: (i) participants were not university
students (n = 82); (ii) participants (n = 322) exercised less than three times a week. Bentler et al. [49]
suggested that an adequate sample size should always be 10 times the amount of the free parameters in
path analysis. Since the path model consists of 23 free parameters, a total of 230 participant was
considered as adequate sample size.
2.2 Measures
2.2.1 Body Mass Index (BMI)
Self-report body weight and height were collected to determine Body Mass Index (kg/m2).
2.2.2 Exercise Dependence Scale-Revised (EDS-R)–Chinese Version (EDS-C)
The EDS-R was used to assess EXD [50]. This scale consists of seven sub-scales: withdrawal effect,
continuance, tolerance, lack of control, reduction in other activities, time, and intention effect. Each subscale was assessed by three items. Participants responded to each item on a six-point Likert scale ranging
from 1 = “never” to 6 = “always”. A total point from 3 to 18 can be obtained for each sub-scale, with
higher scores revealing more EXD symptoms. Participants were then classiﬁed into three groups: the ﬁrst
was deﬁned as at-risk for exercise dependence (ARED) when they score 15 or higher on at least three
sub-scales from the aforementioned 7 sub-scales. The second group is the non-dependent symptomatic
(NDS) group which consists of participants who were not classiﬁed as ARED but scored larger than
seven on more than three sub-scales. The third group consists of participants who are deﬁned as nondependent-asymptomatic (NDA) because they do not fall into the two aforementioned groups. The scale
was translated into Chinese and psychometrically validated [51]. In this study, the total EDS-R score was
used for statistical analysis. The reliability of this scale, as reﬂected by the Cronbach alpha coefﬁcient
value, in the present study is 0.94.
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2.2.3 Eating Disorder Examination-Questionnaire-Short Form (EDE-QS)
The EDE-QS was used to examine eating attitudes and behaviors in the past seven days [52]. The
psychometric properties of the Chinese version of EDE-QS have been investigated in a previous study
[53]. This one-dimensional scale contains 12 items examining symptoms of anorexia nervosa, bulimia
nervosa, and binge-eating disorder over the past 7 days (e.g., “Has thinking about food, eating or calories
made it very difﬁcult to concentrate on things?”). Each item was answered on a four-point Likert scale
ranging from 0 to 3. Higher scores indicate greater symptoms of abnormal eating attitudes and behaviors.
Cut-off score is 15 for screening purpose [54]. In the present study, the EDE-QS has a value of 0.92 in
Cronbach’s alpha coefﬁcient.
2.2.4 Body Image Acceptance and Action Questionnaire (BI-AAQ)
The BI-AAQ was used to measure body image ﬂexibility [35]. In this study, we used the Chinese version
of the BI-AAQ provided and validated by He and Colleagues [55]. This one-dimensional scale includes
12 items (e.g., “worrying about my weight makes it difﬁcult for me to live a life that I value”). Each item
was answered on a seven-point Likert scale ranging from 1 (“never true”) to 7 (“always true”). A higher
score indicates higher body image inﬂexibility. The BI-AAQ achieved an excellent Cronbach’s alpha
coefﬁcient (alpha = 0.96).
2.2.5 Generalized Anxiety Disorder (GAD-7)
The GAD-7 was used to measure generalized anxiety symptoms [56]. In the present study, the validated
Chinese version of the GAD-7 was used [57]. This one-dimensional scale includes 7 items (e.g., “not being
able to stop or control worrying”). Each item was answered on a four-point Likert scale ranging from 1
(“never”) to 7 (“nearly every day”). A greater score indicates a higher level of anxiety. The Cronbach’s
alpha coefﬁcient of GAD-7 in this sample achieved 0.93.
2.3 Statistical Analysis
SPSS version 25 (IBM, Chicago, IL) was used to perform data analysis. First, descriptive statistics were
calculated for all study variables. Second, the prevalence of people at risk for EXD and probable ED cases
were examined, and chi-square analysis was performed to determine difference across different types of
disorders (EXD and ED). Third, the Pearson correlation test was conducted to examine possible
relationships between all continuous variables. Then, demographics (age, gender, and ﬁeld of study)
being correlated with main outcomes of interest were controlled for further path analysis (95% CI) within
Mplus 8.0 [58]; three independent variables (BMI, BII, and generalized anxiety), and two dependent
variables (EXD and ED symptoms). Finally, model ﬁt information was calculated. The criteria to
determine a good model ﬁt are: a Tucker-Lewis’s Index (TLI) ≥ 0.95; a comparative ﬁt index (CFI) ≥
0.95; root mean square error approximation (RMSEA) ≤ 0.05 [59]. For all statistical tests, the level of
signiﬁcance was set to α = 0.05.
2.4 Ethics
Participants who were invited to participate in this study were asked to provide their electronic consent
through the online survey tool before ﬁlling in the questionnaire. All participants who ﬁlled out the survey
were compensated for their efforts with 5 RMB. The study protocol was approved by the Ethic Committee of
Shenzhen University (No. PN-2020-038).
3 Results
3.1 Descriptive Statistics of Participants
Data from 878 participants were used for statistical analyses (58.1% male). The age of college students
ranged from 18 to 25 (M = 20.09, SD = 1.76). The descriptive statistics for demographic data on age, gender,
BMI (computed from self-reported height and weight), and ﬁeld of study, are presented in Table 1.

IJMHP, 2022, vol.24, no.6

815

Concerning two dependent variables, males scored signiﬁcantly higher in EXD symptoms (68.79 vs. 57.08)
compared to their female counterparts, whereas females showed signiﬁcantly higher scores in ED symptoms
as compared to male counterparts (see Table 2).
Table 1: Participants characteristics (N = 878)
Variables

M/n

SD/%

Age
Gender
Male
Female
Field of study
Sport
Non-sport
BMI
Male
Female
Sport
Non-sport
EXD symptoms
ED symptoms
BII
Generalized anxiety symptoms

20.09

1.76

510
368

58.1%
41.9%

638
240

72.7%
27.2%

22.12
20.55
21.53
21.29
63.85
8.88
32.15
4.66

2.38
2.21
2.14
3.10
19.98
7.80
16.62
4.73

Note: BMI = body mass index; EXD = exercise dependence; ED = eating disorders.

Table 2: Mean and SD for the EXD symptoms and ED symptoms of the different groups
Variables
Age
Gender
Male (n = 510)
Female (n = 368)
Field of study
Sport (n = 638)
Non-sport (n = 239)

EXD symptoms
M (SD)

p

ED symptoms
M (SD)

<0.001
68.79(19.30)
57.08(18.93)

p

<0.001
7.3(7.43)
11.06(7.76)

<0.001
66.50(19.64)
56.74(19.20)

0.42
8.75(7.68)
9.23(8.11)

Note: BMI = body mass index; EXD = exercise dependence; ED = eating disorders.

3.2 Prevalence of EXD Symptoms and ED Symptoms, and Group Differences
In Table 3, AREXD accounts for 9.8% of the whole sample, while NDS and NDA groups were 74.6% and
15.6%, respectively. Additionally, 22.6% of whole sample were screened as probably having an ED.
Concerning the prevalence among different groups, male showed a highest prevalence of ARED and NDS,
while non-sport students reported highest prevalence of NDA. Moreover, female showed a highest
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prevalence of probable ED, while male reported a highest prevalence of non-ED. Results of chi-square analysis
showed that ED categories differed by probable ED cases (x2 [2, 878] = 16.67, p = 0.000) in the whole sample
and four sub-groups (x2 [2, 510] = 24.35, p = 0.000; x2 [2, 368] = 8.60, p = 0.014; x2 [2, 638] = 13.05,
p = 0.001; x2 [2, 240] = 11.28, p = 0.004, for male, female, sport, non-sport group, respectively).
Table 3: Prevalence of EXD symptoms and ED symptoms among different groups in Chinese college
students
Sample
Total

Gender

Field of study

Variables
n = 878

Male (n = 510)

Female (n = 368)

Sport (n = 638)

Non-sport (n = 240)

Frequency (%)

Frequency (%)

Frequency (%)

Frequency (%)

Frequency (%)

AREXD

86 (9.8%)

70 (13.7%)

16 (4.3%)

74 (11.6%)

12 (5.0%)

NDS

645 (74.6%)

397 (77.9%)

258 (70.1%)

491 (77.0%)

164 (68.3%)

NDA

137 (15.6%)

43 (8.4%)

94 (25.5%)

73 (11.4%)

64 (26.7%)

PED

198 (22.6%)

82 (16.1%)

116 (31.5%)

137 (21.5%)

61 (25.4%)

NED

680 (77.4%)

428 (83.9%)

252 (68.5%)

501 (78.5%)

179 (74.6%)

34 (3.9%)

25 (4.9%)

9 (2.4%)

26 (4.1%)

8 (3.3%)

EXD symptoms

ED symptoms

co-occurrence:
AREXD & PED

Note: AREXD = at risk for exercise dependence; NDS = non-dependent-symptomatic; NDA = non-dependent-asymptomatic; NED = non-eating
disorders; PED = probable eating disorders.

3.3 Correlations Between BMI, BII, Generalized Anxiety Symptoms, EXD Symptoms, and ED Symptoms
Results from correlation analysis are reported in Table 4. After controlling for age, gender, and ﬁeld of
study, a non-signiﬁcant anxiety-BMI relationship was observed, whereas other two variables were
signiﬁcantly correlated, with r values ranging from 0.07 to 0.79.
Table 4: Correlation between BMI, EXD symptoms, ED symptoms, BII, and generalized anxiety symptoms

1.
2.
3.
4.
5.

BMI
EXD symptoms
ED symptoms
BII
Generalized anxiety symptoms

1

2

3

4

5

1
0.07*
0.34**
0.34**
0.04

1
0.29**
0.33**
0.27**

1
0.79**
0.35**

1
0.41**

1

Note: BMI = body mass index; EXD = exercise dependence; ED = eating disorders; * indicating p < 0.05; ** indicating p < 0.001.

3.4 Results from Path Analysis
Results from the path analysis (see Table 5) in terms of EXD symptoms are presented below: BMI was
not a signiﬁcant predictor with a path coefﬁcient of β = −0.04 (SE = 0.03, p = 0.26), whereas BII with a path
coefﬁcient of β = 0.26 (SE = 0.03, p < 0.001) and anxiety with a path coefﬁcient of β = 0.14 (SE = 0.03, p <
0.001) were signiﬁcantly predictive of EXD symptoms. While looking into ED symptoms, BMI with a path
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coefﬁcient of β = 0.08 (SE = 0.02, p < 0.001) and BII with a path coefﬁcient of β = 0.74 (SE = 0.02, p < 0.001)
were observed as two signiﬁcant predictors, whereas anxiety was not predictive of ED symptoms with a path
coefﬁcient of β = 0.02 (SE = 0.02, p = 0.43). Visual results are presented in Fig. 1. When controlled variables
were not included in the model, model ﬁt information showed a good ﬁt (x2(df = 2) = 10.15; TLI = 0.97; CFI
= 0.99; RMSEA = 0.03).
Table 5: Standardized estimated effect after controlling for age, gender, ﬁeld of study
Variable
Dependence variable: EXD symptoms
BMI—> EXD symptoms
BII —> EXD symptoms
Generalized anxiety symptoms—> EXD symptoms
Dependence variable: ED symptoms
BMI —> ED symptoms
BII —> ED symptoms
Generalized anxiety symptoms—> ED symptoms

β

SE

p

−0.04
0.26*
0.14*

0.03
0.03
0.03

0.26
<0.001
<0.001

0.08*
0.74*
0.02

0.02
0.02
0.02

<0.001
<0.001
0.43

Note: BMI = body mass index; BII = body image inﬂexibility; EXD = exercise dependence; ED = eating disorders; SE = standard error; *p < 0.001.

Figure 1: Standardized regression coefﬁcients for associations of BMI, BII, and generalized anxiety
symptoms with two disorders (EXD symptoms and ED symptoms) when controlled age, gender, ﬁeld of
study (*p < 0.001)
4 Discussion and Conclusions
This study aimed to examine whether BMI, BII, and generalized anxiety were common contributors for
the development of EXD and ED in a sample of Chinese university students. Male participants were found to
be more likely to develop EXD in comparison to their female counterparts. Female participants tended to
have a greater likelihood of developing ED. College students majoring in sports science were more likely
to develop EXD in comparison to non-sport participants. These results are in line with previous studies
[60,61]. In the present study, the prevalence of ARED was 9.8%, while NDS has the highest proportion
74.6%, which is supported by previous studies of similar age-based samples [50,62]. The prevalence of
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ED among college students was relatively high in the present study (22.6%), which may be attributed to
habitual exercisers paying great attention to their body image to achieve an ideal image through
extremely restrictive eating habits [63,64]. The prevalence of co-existing disorders was approximately 4%
in the present study. In this context, the prevalence rate for participants who were comorbidity accounted
for 17.2% (34 out of 198) in the probable eating disordered sample, which is comparatively lower than
the previous studies that ranged from 29% to 80% [65,66].
The ﬁndings of our analysis considering important confounders (i.e., age, sex, and ﬁeld of study) suggest
(i) that BII and generalized anxiety are potential risk factors for developing EXD, and (ii) that BMI and BII
are predictive of ED symptoms. The ﬁndings of the present study are, in general, consistent with observations
of previous studies reporting that BMI alone is not a strong predictor of EXD [20,21]. Interestingly, BII was
predictive of EXD, suggesting that the perception of their own body (i.e., operationalized by BII) is an
important factor relating to EXD. Previous ﬁndings indicate that individuals with higher BMI are more
likely to experience body image dissatisfaction and BII [25–28,67]. Furthermore, given that physical
ﬁtness and physical exercise are, in general, associated with a better perception of their own body image
[68,69], body image dissatisfaction and BII might trigger individuals to exercise for weight loss and for
toning their bodies (e.g., in obese individuals) [70] or to achieve their “ideal” body image (e.g., in
exercise addicted individuals) [11]. Such results may be explained by the fact that in the present study,
participants were habitual exercisers with an average BMI of 21 kg/m2 (normal BMI). However, the
complex relationship between exercise behavior, body perception (e.g., body image inﬂexibility), and
EXD is not fully understood and further research using high-quality trials is needed to conﬁrm this
conclusion [10,71–73].
Our ﬁndings are relatively consistent with the previous studies reporting that higher BMI was linked to a
higher risk for ED [16,18,19]. Our results also conﬁrmed previous studies’ results that BII is positively
associated with ED [35,74]. The ﬁnding of our study suggests that individuals with higher BMI have a
higher risk of disturbed eating attitudes and behaviors. Furthermore, individuals who had already a low
level of BII were more likely to develop ED symptoms. Additionally, in the present study, participants
with a higher level of anxiety had a greater probability of developing EXD. These results may be
explained by the fact that anxious college students are more likely to consider exercise participation as an
effective approach to alleviating anxiety.
5 Contributions of the Current Study
Our ﬁndings that provide evidence for a relationship between BII and both EXD symptoms and ED
symptoms support the idea that BII plays an important role in the development and thus might also in the
prevention of the aforementioned disorders. The results in our study showing statistically signiﬁcant
differences in ED scores and EXD scores of sports students and general students who exercise regularly
may inform further mechanistic studies that psychological processes may be associated with EXD as well
as ED symptoms in different groups (i.e., athletes vs. general exercisers). Consequently, the ﬁndings of
the current study contribute to a more nuanced theoretical understanding of EXD and ED.
6 Limitations and Implications
Several limitations need to be acknowledged. Firstly, as all measures rely on self-reports of the
participants, they are somewhat prone to measurement error that arises from self-report bias (e.g., as
participants provide socially acceptable answers). Furthermore, it should be noted that although BMI is a
popular way to measure body composition [75], it has some disadvantages [76]. In particular, BMI is
biased because this measure does not take into account the difference between muscle mass and fat mass
[77,78], and thus a higher muscle mass, which is, in general, positive for health, will lead to higher BMI
scores which are, in general, associated with adverse health outcomes. Secondly, the participants of the
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present study comprise only university students who were more concerned about their physical appearance as
compared to older adults who may be more concerned with their work and family life. Thus, future studies
should focus on other cohorts than college students, to test whether our ﬁndings can be generalized. In
addition, in this study, the number of participants in the non-sport students’ group was relatively small
which also challenges the generalizability of the ﬁndings. Thirdly, this study focuses on BII as one of the
predictors while other possible variables such as self-compassion (i.e., the ability to protect oneself from
developing negative body image as well as disturbing eating habits) [79,80], perfectionism personality,
and obsessive-compulsive personality disorder (due to their essential role in the development of both
exercise dependence [81,82] and eating disorders symptoms) [83,84] were not considered. Finally, the
cross-sectional design of this study does not allow the examination of causality and the direction of the
pathways. Thus, longitudinal studies are needed to examine causal relationships in the future.
In conclusion, the present study revealed that BII and generalized anxiety are contributing factors to
EXD, but not BMI. In addition, BMI and BII can be predictive of ED symptoms. Based on this ﬁnding,
BMI alone does not appear to be a good predictor of EXD, whereas BII is a joint predictor of EXD
symptoms and ED symptoms in this sample of Chinese college students. From a practical point of view,
our ﬁndings suggest that the prevention and treatment of EXD symptoms and ED symptoms should
consider interventions to improve the individual’s attitude towards the perception of their own body by
addressing BII.
Funding Statement: The information should be replaced with "This project was supported by China
Postdoctoral Science Foundation (No: 2022M711174).
Conﬂicts of Interest: The authors declare that they have no conﬂicts of interest to report regarding the
present study.
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