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What are the new findings?

►► Exercise dependence was positively associated with 
eating disorder (ED) symptoms in this understudied 
group of male athletes.

►► In this first study to investigate associations between 
exercise dependence and biomarkers of Relative 
Energy Deficiency in Sports (RED-S) in male endur-
ance athletes, higher total scores for exercise de-
pendence were associated with a more pronounced 
energy deficiency and higher cortisol levels which 
in the long term may have both health and perfor-
mance implications.

►► Higher subscale scores for exercise dependence 
were associated with lower blood glucose, lower 
testosterone:cortisol ratio and higher cortisol:insulin 
ratio, indicating a more catabolic profile.

How might it impact on clinical practice in the 
near future?

►► Health personnel, coaches and athletes should be 
aware that exercise dependence, with or without 
disordered eating behaviour, might contribute to the 
development of RED-S and significant health and 
performance complications.

►► When working with athletes at risk for RED-S, 
one should screen for the potential underlying 
causes, including psychological factors such as 
exercise dependence, to perform the optimal 
preventive, evaluation and treatment strategies. 

►► Based on this first study to investigate asso-
ciations between exercise dependence, ED 
symptoms and biomarkers of RED-S, we rec-
ommend more studies in this area, preferably 
including both gender representing different per-
formance level and including injured athletes. 

Abstract
Objectives  To explore associations betweenexercise 
dependence, eating disorder (ED) symptoms and 
biomarkers of Relative Energy Deficiency in Sports (RED-S) 
among male endurance athletes.
Methods  Fifty-three healthy well-trained male cyclists, 
triathletes and long-distance runners recruited from 
regional competitive sports clubs were included in 
this cross-sectional study. The protocol comprised the 
Exercise Dependence Scale (EXDS), the ED Examination 
Questionnaire (EDE-Q), measurements of body 
composition, resting metabolic rate, energy intake and 
expenditure and blood analysis of hormones and glucose.
Results  Participants with higher EXDS score displayed 
a more negative energy balance compared with subjects 
with lower EXDS score (p<0.01). EXDS total score was 
positively correlated with EDE-Q global score (r=0.41, 
p<0.05) and the subscale score for restraint eating 
(r=0.34, p<0.05) and weight concern (r=0.35, p<0.05). 
EXDS total score and the subscales lack of control and 
tolerance were positively correlated with cortisol (r=0.38, 
p<0.01, r=0.39, p<0.01 and r=0.29, p<0.05, respectively). 
The EXDS subscales withdrawal and tolerance were 
negatively correlated with fasting blood glucose (r=−0.31 
and r=−0.32, p<0.05, respectively), while intention effect 
was negatively correlated with testosterone:cortisol 
ratio (r=−0.29, p<0.05) and positively correlated with 
cortisol:insulin ratio (r=0.33, p<0.05).
Conclusion  In this sample of healthy male athletes, 
we found associations between higher EXDS scores, ED 
symptoms and biomarkers of RED-S, such as a more 
pronounced negative energy balance and higher cortisol 
levels.

Background
Exercise dependence (EXD; also called 
exercise addiction and compulsive exercise) 
is characterised by a craving for physical 
training, uncontrollable excessive exercise 
behaviour with inability to reduce exercise 
amounts and potential harmful consequences, 
such as injuries, impaired social relations and 
depression.1 2 The condition is often associ-
ated with eating disorder (ED) pathology and 

perfectionism among women.3–5 Whether 
an association between EXD and ED symp-
toms among healthy male endurance athletes 
exists is less known.
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Figure 1  Flow chart showing the recruitment process and exclusion of participants. EI, energy intake.

Athletes in weight sensitive or leanness demanding 
sports have an increased risk for developing Relative 
Energy Deficiency in Sport (RED-S), a syndrome of nega-
tive health and performance aspects related to low energy 
availability (LEA) with or without disordered eating (DE) 
behaviour or ED.6 Most research investigating RED-S have 
been conducted in female athletes.7 8 In male athletes, 
reduced testosterone levels have been reported after 5 
days of severe energy deficit,9 as well as after 6 months of 
endurance running.10 After 54 hours with extreme exer-
cise energy expenditure (EEE) testosterone, insulin-like 
growth factor 1 (IGF-1) and leptin have been reported 
to be significantly suppressed in male ultraendurance 
cyclists with changes in IGF-1 being positively correlated 
with energy balance.11 Besides suppressed IGF-1 and 
testosterone, lowered tri-iodothyronine (T

3
) and insulin 

and increased cortisol and cholesterol levels have been 
reported among exercising men experimentally exposed 
to LEA,9 12 13 and LEA has been associated with lower 
testosterone levels in elite male endurance athletes.14 
In addition to the likely performance degradation, it is 
well recognised that the suppression of these metabolic 
hormones secondary to prolonged LEA is associated also 
with unfavourable health outcomes.6 7 15 16

It has been stated that psychological stress and/or 
depression can result in or be the underlying cause of 
LEA,6 and researchers have recently encouraged to inves-
tigate the relationship between EXD and RED-S, since 
athletes with a propensity to EXD may be at greater risk 
of RED-S.17 However, studies investigating links between 
EXD and objective markers of LEA, such as increased 
cortisol and suppressed resting metabolic rate (RMR) and 

testosterone, are lacking. Furthermore, it is important to 
investigate whether there is a relationship between EXD 
and ED symptoms in male endurance athletes, as this 
may have implications for how to screen for and manage 
psychological risk factors for RED-S. Therefore, the main 
aims of this study were to investigate possible associations 
between (1) EXD and ED symptoms and (2) EXD and 
biomarkers of RED-S among well-trained healthy male 
endurance athletes. We hypothesised that male athletes 
reporting higher levels of EXD would show a higher 
prevalence of ED symptoms and biomarkers of RED-S 
compared with male athletes reporting lower levels of 
EXD.

Methods
Study design and participants
The participants and methods used in this cross-sec-
tional study have earlier been described in detail,18 but 
briefly 67 male cyclists, triathletes and long-distance 
runners were recruited to the study through local sport 
clubs and social media in three phases (figure 1). The 
reason for dividing the athletes into three different 
cohorts were mainly due to limited access to the labo-
ratory and test personnel. In addition, we aimed for 
including the athletes in their postcompetition period 
that differed between the cyclists and the long-distance 
runners. Inclusion criteria were male, 18–50 years old, 
competing in a demanding endurance sport, maximal 
oxygen uptake (VO

2max
) >55 mL/kg/min, training 

frequency ≥four sessions/week the previous year and 
competing at a regional or national level. Since these 
athletes were part of an intervention study, they also 
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had to be disease and injury free. Thirteen participants 
were excluded leaving a total of 53 subjects (16 runners, 
32 cyclists and 5 triathletes) in the final data analysis 
(figure 1). All subjects were categorised as well trained19 
or at performance level four.20

All subjects gave their verbal and written informed 
consent before study participation.

Measures
The data collection was performed during four non-con-
secutive days, followed by three or four consecutive days 
of food and exercise registration. The participants were 
told to arrive in a fasted state on days 2–4, refrain from 
using products containing tobacco and caffeine, not to 
engage in more than 1 hour of low intensity exercise the 
day before testing and strength training was prohibited.

On day 1, body height (Seca Optima, Seca, UK) and 
body weight (InBody 720, Biospace, Seoul, Korea) were 
measured, and the participants performed an incre-
mental test to exhaustion to determine VO

2max
. On day 

2, RMR was measured, and the participants received 
instructions on how to record their energy intake and 
expenditure and they completed questionnaires. On day 
3 and 4, blood samples were drawn, and body composi-
tion was assessed using Dual-energy X-ray absorptiometry 
(GE- Lunar Prodigy, Madison, Wisconsin, USA).

Exercise and eating behaviour
The Exercise Dependence Scale (EXDS) was used to 
assess symptoms of EXD.21 This 21-item scale opera-
tionalises EXD based on the Diagnostic and Statistical 
Manual of Mental Disorder IV22 criteria for substance 
dependence and consists of the subscales tolerance, with-
drawal, intention effect, lack of control, time, reduction in other 
activities and continuance. Each question is ranged on a 
6-point Likert scale from ‘newer’ to ‘always’. Since this 
was a group of healthy athletes with absence of disease 
and injuries, and with fewer participants compared with 
previous studies using EXDS,21 23 we did not expect to 
find a sufficient number of ‘at risk’ subjects to be able to 
group them based on the cut-off suggested by Hausen-
blas and Downs.21 Therefore, the subjects were divided 
into ‘lower EXDS score’ or ‘higher EXDS score’ based on 
the mean EXDS total score for the group.

ED symptoms were assessed using the Eating Disorder 
Examination Questionnaire (EDE-Q),24 a 28-item 
measure of ED psychopathology ranged on a 6-point 
Likert scale. The EDE-Q assesses the frequency or severity 
of core ED symptoms and related behaviours and beliefs 
over the past 28 days. The instrument comprises four 
subscales: restraint, eating concern, shape concern and weight 
concern. In the present study, a mean total EDE-Q score 
of 2.3 or more indicated ED pathology, as recommended 
by Müller et al.5 The EDE-Q was only distributed to the 
athletes included in cohorts II and III, where 34 athletes 
answered the EDE-Q satisfactorily.

Resting metabolic rate
RMR was measured by ventilated hood (Oxycon Pro, 
Eric Jeager, Germany) according to standardised labo-
ratory proceedings18 and assessed using the Weir 
equation25: (3.94 (VO2)+1.1 (VCO2))×1.44. To calculate 
the ratio between measured RMR and predicted RMR, 
the Cunningham equation26 was used. Subjects with an 
RMR

ratio
<0.90 were categorised as having low RMR.27

Energy availability (EA), energy intake and energy expenditure
Participants registered their energy intake using a digital 
kitchen scale during a period of 3 or 4 days in their home 
environment mirroring their typical food patterns and 
training regime and logged their food records using 
software from Dietist Net (Dietist Net, Kost och Närings-
data, Bromma, Sweden). For measurements of EEE, the 
subjects recorded all training sessions with their heart rate 
monitor (Polar M400/V800) during the same period as 
energy intake was registered. The records were obtained 
as epochs of 5 s during every training session. EEE was 
calculated from such recordings, using the validated 
equations described by Crouter et al28: EEE (kcal/kg/
min)=((5.95*HRaS) + (0.23*age) + (84*1)–134)/4186.8 
where HRaS=Heart rate (HR) above sleeping HR (beats/
min) and age in years. Sleeping HR was estimated from 
a resting supine measurement of HR during the RMR 
measurement, as previously reported28 and defined as: 
sleep HR=0.83 * supine HR.

EA was calculated by subtracting EEE from the daily 
energy intake, calculated relative to fat free mass (FFM).29 
In order not to underestimate EA, EEE only represented 
the energy attributable to training. RMR was therefore 
subtracted from EEE before being used in the equa-
tion for EA. LEA was defined as EA <30 kcal/kg FFM/
day, since this cut-off has previously been used for male 
athletes.14

Blood sampling
Fasting blood samples were taken according to stan-
dardised laboratorial procedures drawn by a qualified 
biotechnician. Blood samples from cohort I were anal-
ysed at Hormonlabor C831, Bern, Switzerland, and blood 
samples from cohorts II and III were analysed at Sørlan-
dets Hospital in Kristiansand and Aker Hormonlab in 
Oslo, Norway. Reference values were defined based on 
the Norwegian laboratories standards: cortisol (138–690 
mmol/L); testosterone (18–40 years: 7.2–24 nmol/L; 
>41 years: 4.6–24 nmol/L); T

3
 (1.2–2.7 nmol/L); IGF-1 

(19–30 years: 17–63 nmol/L; 31–54 years: 11–40 nmol/L); 
insulin (<160 pmol/L); and glucose (4–6 mmol/L).

Statistical analysis
Statistical calculations were performed using STATA 
V.14.2 with a two-tailed significance level of <0.05. All data 
sets were tested for normality and homogeneity of vari-
ance before statistical hypothesis tests were performed. 
Normally distributed data were summarised as mean±SD, 
and non-normally distributed data as median and IQR 
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Table 1  Physiological characteristics and mean scores on the Exercise Dependence Scale (EXDS) for subjects with lower 
and higher exercise dependence

All
(n=53)

Lower EXDS score
(n=23)

Higher EXDS score 
(n=30) P value

Age (years) 35.3±8.3 35.4±9.3 35.2±7.7 0.946

Height (cm) 180.9±5.4 180.1±5.5 181.5±5.2 0.339

Body weight (kg) 75.2±6.9 73.3±7.7 76.7±6.0 0.075

Body mass index (kg/m2) 22.9±1.9 22.5±2.2 23.2±1.5 0.198

Body fat (kg) 9.4±4.7 9.4±5.0 9.4±4.5 0.959

Body fat (%) 13.8±5.0 14.1±5.3 13.5±4.8 0.663

Fat free mass (kg) 64.6±5.2 63.2±5.8 65.7±4.4 0.077

Exercise (hours/week) 9.5±3.4 8.1±2.7 10.6±3.5 0.006

Active in sport (years) 3.5 (2.0–7.0) 3.0 (2.0–6.0) 4.0 (2.0–8.0) 0.816

VO
2peak

 (mL/kg/min) 65.3±5.9 64.7±5.9 65.8±5.9 0.521

Sleeping heart rate (beats per min) 44.9±8.1 44.8±7.9 45.0±8.4 0.940

EXDS total score 54.7±10.4 45.9±8.1 61.5±5.7 0.000

EXDS subscale scores

 � Withdrawal 7.2±2.4 5.7±1.9 8.4±2.2 0.000

 � Continuance 6.6±3.0 5.8±2.3 7.3±3.3 0.070

 � Tolerence 8.9±2.9 7.8±3.0 9.7±2.6 0.018

 � Lack of control 6.9±3.0 4.9±1.7 8.4±3.0 0.000

 � Reduction in other activities 6.5±2.1 5.2±1.3 7.6±2.1 0.000

 � Time 11.3±3.1 10.0±3.3 12.3±2.5 0.006

 � Intention 7.2±2.0 6.4±1.9 7.9±1.9 0.007

Normally distributed data are shown as mean and SD, and non-normally distributed data as median and IQR (IQ 25 and IQ 75 percentiles).

(IQ 25 and IQ 75 percentiles). An independent t-test 
was used to compare groups on normal distributed vari-
ables, while a Mann-Whitney U test was used to compare 
groups on non-normal distributed variables. Correla-
tions between variables were calculated using Pearson’s 
r for normal distributed data and Spearman’s rho for 
non-normal distributed data.

Results
Characteristics of participants with lower and higher EXDS 
score
Subjects with a higher EXDS score exercised more hours 
per week compared with those with lower EXDS score 
(=0.006). There were no differences between the groups 
in other physiological measures (table 1).

There were no differences in number of acute inju-
ries (0.22±0.42 vs 0.24±0.58, p=0.868), overload injuries 
(0.25±0.55 vs 0.57±0.75, p=0.126) or number of days in 
absence from training due to illness (0.87±1.79 days vs 
1.86±2.84 days, p=0.150) during the last 6 months between 
subjects with higher vs lower EXDS score, respectively.

The EXDS subscale withdrawal was positively correlated 
with body weight (r=0.32, p<0.01) and FFM (r=0.32, 
p<0.01). Lack of control was positively correlated with age 
(r=0.35, p<0.01), active years in sport (r=0.38, p<0.01) and 
cortisol levels (r=0.39, p<0.01). Continuance was positively 

correlated with overload injuries (r=0.47, p<0.01) and 
age (r=0.32, p<0.05). Tolerance was positively correlated 
with exercise hours per week (r=0.37, p<0.01) and total 
energy expenditure (r=−0.31, p<0.05). Time was posi-
tively correlated with number of acute injuries (r=0.33, 
p<0.05), exercise hours per week (r=0.55, p<0.01) and 
VO

2peak
 (r=0.30, <0.05).

ED symptoms
One subject in the group with higher EXDS score 
had an EDE-Q global score of ≥2.3, and there was a 
tendency towards higher EDE-Q global score as well 
as shape and weight concern among subjects with higher 
EXDS score compared with subjects with lower EXDS 
score (table 2).

EXDS total score was positively correlated with 
EDE-Q global score (r=0.41, p<0.05) and the subscale 
score for restraint (r=0.34, p<0.05) and weight concern 
(r=0.35, p<0.05). Reduction in other activities was positively 
correlated with EDE-Q global score (r=0.40, p<0.05). 
Intention effects was positively associated with EDE-Q 
global score (r=0.49, p<0.01) and the subscale scores for 
restraint (r=0.58, p<0.01), eating concern (r=0.46, p<0.01), 
shape concern (r=0.38, P<0.05) and weight concern (r=0.40, 
p<0.05).

copyright.
 on 28 M

ay 2019 by guest. P
rotected by

http://bm
jopensem

.bm
j.com

/
B

M
J O

pen S
port E

xerc M
ed: first published as 10.1136/bm

jsem
-2018-000439 on 10 January 2019. D

ow
nloaded from

 

http://bmjopensem.bmj.com/


5Torstveit MK, et al. BMJ Open Sport Exerc Med 2019;5:e000439. doi:10.1136/bmjsem-2018-000439

Open access

Table 2  Eating Disorder Examination Questionnaire (EDE-Q) scores for subjects with lower and higher exercise dependence

All
(n=34)

Lower EXDS score
(n=19)

Higher EXDS score
(n=15) P value

EDE-Q global score 0.49±0.59 0.33±0.42 0.69±0.71 0.073

EDE-Q subscales: 

Restraint 0.58±0.90 0.46±0.81 0.72±1.01 0.418

Shape concern 0.51±0.67 0.34±0.40 0.74±0.87 0.079

Weight concern 0.47±0.64 0.29±0.51 0.69±0.73 0.071

Eating concern 0.14±0.52 0.06±0.16 0.24±0.77 0.335

Data are shown as mean and SD.
EXDS, Exercise Dependence Scale.

Table 3  Dietary characteristics and energy expenditure for subjects with lower and higher exercise dependence

All (n=53) Lower EXDS (n=23) Higher EXDS (n=30) P value

Energy intake (kcal/day) 3084±687 3029±575 3126±769 0.615

Carbohydrate intake (g/kg/day) 4.8±1.5 4.9±1.6 4.7±1.5 0.567

Protein intake (g/kg/day) 1.7±0.3 1.6±0.4 1.7±0.3 0.289

Fat intake (E%) 35.1±8.2 35.8±10.0 34.5±6.6 0.550

Fat (g/kg/day) 1.6±0.5 1.6±0.5 1.6±0.4 0.543

Fibre intake (g/day) 32.4±12.5 32.9±16.0 32.1±9.3 0.815

EA (kcal/kg FFM/day) 37.7±10.9 41.0±11.0 35.1±10.3 0.054

Low EA (no. of subjects) 12 (23%) 3 (13%) 9 (30%) 0.193

Energy balance (kcal/day) −265±687 15±633 −479±657 0.008

EEE (kcal/day) 760±404 546±273 925±415 0.000

Normally distributed data are shown as mean and SD, and number (no.) of subjects are shown as number (n) and percentage (%).
EA, energy availability; EEE, exercise energy expenditure; EXDS, Exercise Dependence Scale; FFM, fat free mass.

Dietary characteristics and energy expenditure
Subjects with higher EXDS score had higher EEE, lower 
energy balance and a trend towards lower EA, compared 
with subjects with lower EXDS score (table  3). Other-
wise no differences in energy or macronutrient intake 
between the groups were observed.

The EXDS subscales withdrawal and intention effect 
were negatively correlated with energy balance (r=−0.34, 
p<0.05 and r=−0.27, p<0.01, respectively).

Biomarkers of RED-S
Low RMR

ratio
 was found in 72% of the participants with 

no difference between the groups (table  4). Three of 
the subjects with higher EXDS total score had elevated 
cortisol levels, and 50% of those with higher EXDS score 
had cortisol levels above the highest quartile of reference 
range (table 4). All subjects had testosterone values above 
the lowest quartile of reference range, and T

3
, blood 

glucose and IGF-1 levels within the normal range. Beside 
higher cortisol levels in the group with higher EXDS 
score, no differences in any other blood biomarkers were 
found between groups (table 4).

EXDS total score and the subscales lack of control and 
tolerance were positively correlated with cortisol (r=0.38, 
p<0.01; r=0.39, p<0.01 and r=0.29, p<0.05, respectively). 
The EXDS subscales withdrawal and tolerance were 

negatively correlated with fasting blood glucose (r=−0.31 
and r=−0.32, p<0.05, respectively), while intention effect 
was negatively correlated with testosterone:cortisol ratio 
(r=−0.29, p<0.05) and positively correlated with corti-
sol:insulin ratio (r=0.33, P<0.05). Time was positively 
correlated with RMR (kcal/kg FFM) (r=0.29, p<0.05).

Discussion
Characteristics of subjects with higher EXDS score
The mean total EXDS score of 54.7 found in this group 
of healthy male endurance athletes was quite similar to 
the score of 55.8 reported in female inpatients with ED.3 
Our male athletes, however, scored higher than female 
ED inpatients on the subscales tolerance and time indi-
cating a need for increased exercise dose to obtain effect 
and a life organised around exercise. Not surprisingly, 
our study showed that subjects with higher EXDS score 
trained more (10.6 hours/week), resulting in a higher 
EEE compared with subjects with lower EXDS score (8.1 
hours/week). However, the group with higher EXDS 
score did not adjust their energy intake to match the 
increased energy needs, thus resulting in a more nega-
tive energy balance with an increased risk of lower blood 
glucose and higher cortisol levels.
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Table 4  Markers of energy deficiency for subjects with lower and higher exercise dependence.

All
(n=53)

Lower EXDS score 
(n=23)

Higher EXDS score
(n=30) P value

RMR (kcal/kg FFM/day) 26.0±1.9 25.6±2.0 26.3±1.7 0.181

RMR
ratio

0.86±0.07 0.85±0.06 0.87±0.07 0.209

Low RMR
ratio

 (no. of subjects) 38 (72%) 16 (70%) 22 (73%) 0.313

Cortisol (mmol/L) 508±123 455±109 549±120 0.005

High cortisol (no. of subjects) 3 (6%) 0 (0%) 3 (10%) 0.249

Cortisol highest quartile of range (no. of subjects) 20 (38%) 5 (22%) 15 (50%) 0.048

Total testosterone (nmol/L) 21.5±6.3 19.8±6.6 22.8±5.8 0.086

IGF-1 (nmol/L) 21.5±6.5 20.0±6.3 22.7±6.6 0.136

T
3
 (nmol/L) 1.9±0.3 2.0±0.2 1.9±0.3 0.288

Fasting glucose (mmol/L) 5.0±0.4 5.0±0.4 4.9±0.3 0.185

Insulin (pmol/L) 31.6±11.2 28.9±11.6 33.7±10.5 0.126

Testosterone:cortisol ratio 0.04±0.02 0.05±0.02 0.04±0.02 0.584

Cortisol:insulin ratio 18.0±7.2 18.0±7.4 17.9±7.1 0.938

Normally distributed data are shown as mean and SD, and number (no.) of subjects are shown as number (n) and percentage (%).
EXDS, Exercise Dependence Scale; FFM, fat free mass; IGF-1, insulin-like growth factor 1; RMR, resting metabolic rate; T

3
, tri-iodothyronine.

Low RMR
ratio

 has been suggested as a marker for 
LEA, at least in females,27 30 31 but the male athletes in 
our study with higher EXDS score did not have lower 
RMR

ratio
 despite a more negative energy balance. One 

possible explanation is indicated in the positive correla-
tion between the subscale time and RMR as an elevated 
RMR has been reported in endurance athletes in at least 
39 hours after the last exercise bout.32

Theories of EXD suggest that continuance is a core 
symptom that drives athletes to continue exercise despite 
illness or injuries,1 and therefore we might have found 
participants with EXD by including injured athletes in 
the study. Nevertheless, in this apparently healthy athletic 
group, we found associations between symptoms of EXD 
and LEA, cortisol and glucose levels and ED symptoms. 
These findings indicate that possible negative health and 
performance consequences of EXD may occur without 
the subjects being classified as ‘at-risk of EXD’ as defined 
by the EXDS.21 We recommend future studies to further 
elaborate on this possible association and also examine 
whether EXD may cause RED-S.

In addition, of note, when assessing markers of RED-S, 
such as low RMR, standardised procedure that include no 
training the day before the measurement is necessary. It 
is therefore important to be aware of the risk of non-com-
pliance if exercise-dependent athletes are included in the 
sample, since absence from training can result in anxiety, 
concerns and distress.1 21

EXD and ED symptoms
Among the 34 subjects who completed the EDE-Q, 
only one person was identified with ED pathology. One 
possible reason for this low prevalence may be that the 
results are based on self-report and not clinical inter-
view, which is seen on as the gold standard method for 

verifying ED among athletes.33 Our results should be 
interpreted with caution also due to the small number 
of subjects in the analysis including the EDE-Q. Never-
theless, we found that EXDS total score was positively 
associated with EDE global score as well as the subscales 
restraint and weight concern indicating that EXD may be 
associated with DE behaviour or ED symptoms, as also 
reported among women3–5 and male and female fitness 
instructors.34 Lichtenstein et al1 pinpoint however that 
compulsive exercise and ED can exist independently 
from one another and that compulsive exercise can be 
both primary and secondary to an ED. In a study on male 
distance runners, compulsive exercise was associated 
with a high athletic identity, but not with ED psycho-
pathology,17 emphasising that uncontrollable exercise 
behaviour can be motivated by other factors than a drive 
for a particular body weight or shape.

EXD and biomarkers of RED-S
Lower leptin, fat-adjusted leptin and free testosterone 
have been reported in amateur male exercisers with 
EXD compared with the non-EXD group.35 Although 
testosterone levels were within the normal range in the 
present study, athletes with higher EXDS score had a 
more pronounced negative energy balance and higher 
cortisol levels that may reflect an increased need to 
catabolise alternate body energy sources, which in the 
long term may have both health and performance impli-
cations.6 Furthermore, the subscales withdrawal and 
tolerance were negatively correlated with fasting blood 
glucose, while intention effect was negatively correlated 
with testosterone:cortisol ratio and positively correlated 
with cortisol:insulin ratio, which may have implications 
for performance due to an enhanced proteolysis.36
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Strengths and limitations of this study
This is the first study to simultaneously investigate asso-
ciations between EXD, ED symptoms and biomarkers of 
RED-S in male endurance athletes. Other strengths are 
inclusion of expanded assessment measures compared 
with previous research, the use of valid outcome measures 
and that all tests followed best practice measurements 
protocols. Taken into consideration the several physio-
logical laboratory measurements of biomarkers of RED-S, 
the number of participants was relatively high.

Limitations of this study include the cross-sectional 
study design limiting assertions of causality, the possibility 
that some subjects may have under-reported their exer-
cise and eating behaviours and that the several EXDS 
subscales lead to a high number of correlation analysis, 
which may increase the risk of type 1 error. In addition, 
retrospective recall of injury and time loss from training 
can result in recall bias, only 64% of the athletes answered 
the EDE-Q and the blood analysis were performed at two 
different laboratories, which also are limitations to this 
study. The physiological relevant threshold of LEA in 
men requires further investigation,7 and therefore the 
applied cut-off used in this study is hypothetical.

Conclusions
This study found that in a group of healthy male endur-
ance athletes, higher EXD scores were positively associated 
with ED symptoms, a more pronounced negative energy 
balance and higher cortisol levels. Additionally, higher 
subscale scores for EXD were associated with lower blood 
glucose, lower testosterone:cortisol ratio and higher 
cortisol:insulin ratio, indicative of a more catabolic state 
with potential negative effects on body composition and 
athletic performance.36 The recommended treatment of 
LEA involves an increase in energy intake, reduction in 
energy exercise expenditure or a combination of both.7 
Therefore, more studies are needed to elucidate the rela-
tionship between EXD, ED symptoms and RED-S as all 
potential causes for the syndrome needs to be identified 
to ensure prevention, early identification of athletes at 
risk and to provide differentiated and targeted treatment 
strategies.

Acknowledgements  We would like to thank Øystein Sylta for his contribution 
related to recruitment of athletes and for assisting in parts of the data collection. 
We would also like to thank the athletes for their cooperation and for participating 
in this study.

Contributors  MKT, AKM and TBS planned and initiated the main study. AKM, 
MBL and ILF performed the statistical analyses, and TBS was responsible for the 
methodological part. MKT and ILF drafted the manuscript. All authors critically 
revised the manuscript.

Funding  The costs were covered by the University of Agder.

Competing interests  None declared.

Patient consent for publication  Not required.

Ethics approval  Permission to undertake the study was granted by the 
University Faculty Ethics Committee and the Norwegian Data Protection Official 
for Research.

Provenance and peer review  Not commissioned; externally peer reviewed.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

References
	 1.	 Lichtenstein MB, Hinze CJ, Emborg B, et al. Compulsive exercise: 

links, risks and challenges faced. Psychol Res Behav Manag 
2017;10:85–95.

	 2.	 Lichtenstein MB, Nielsen RO, Gudex C, et al. Exercise addiction is 
associated with emotional distress in injured and non-injured regular 
exercisers. Addict Behav Rep 2018;8:33–9.

	 3.	 Bratland-Sanda S, Martinsen EW, Rosenvinge JH, et al. Exercise 
dependence score in patients with longstanding eating disorders 
and controls: the importance of affect regulation and physical 
activity intensity. Eur Eat Disord Rev 2011;19:249–55.

	 4.	 Cook BJ, Wonderlich SA, Mitchell JE, et al. Exercise in eating 
disorders treatment: systematic review and proposal of guidelines. 
Med Sci Sports Exerc 2016;48:1408–14.

	 5.	 Müller A, Loeber S, Söchtig J, et al. Risk for exercise dependence, 
eating disorder pathology, alcohol use disorder and addictive 
behaviors among clients of fitness centers. J Behav Addict 
2015;4:273–80.

	 6.	 Mountjoy M, Sundgot-Borgen J, Burke L, et al. The IOC consensus 
statement: beyond the Female Athlete Triad—Relative Energy 
Deficiency in Sport (RED-S). British Journal of Sports Medicine 
2014;48:491–7.

	 7.	 Mountjoy M, Sundgot-Borgen JK, Burke LM, et al. IOC consensus 
statement on relative energy deficiency in sport (RED-S): 2018 
update. Br J Sports Med 2018;52:687–97.

	 8.	 Ackerman KE, Holtzman B, Cooper KM, et al. Low energy availability 
surrogates correlate with health and performance consequences 
of Relative Energy Deficiency in Sport. Br J Sports Med 2018. doi: 
10.1136/bjsports-2017-098958. [Epub ahead of print 2 Jun 2018].

	 9.	 Kyröläinen H, Karinkanta J, Santtila M, et al. Hormonal responses 
during a prolonged military field exercise with variable exercise 
intensity. Eur J Appl Physiol 2008;102:539–46.

	10.	 Wheeler GD, Singh M, Pierce WD, et al. Endurance training 
decreases serum testosterone levels in men without change in 
luteinizing hormone pulsatile release. J Clin Endocrinol Metab 
1991;72:422–5.

	11.	 Geesmann B, Gibbs JC, Mester J, et al. Association between energy 
balance and metabolic hormone suppression during ultraendurance 
exercise. Int J Sports Physiol Perform 2017;12:984–9.

	12.	 Friedl KE, Moore RJ, Hoyt RW, et al. Endocrine markers of 
semistarvation in healthy lean men in a multistressor environment. J 
Appl Physiol 2000;88:1820–30.

	13.	 Koehler K, Hoerner NR, Gibbs JC, et al. Low energy availability 
in exercising men is associated with reduced leptin and insulin 
but not with changes in other metabolic hormones. J Sports Sci 
2016;34:1921–9.

	14.	 Heikura IA, Uusitalo ALT, Stellingwerff T, et al. Low energy availability 
s difficult to assess but outcomes have large impact on bone 
injury rates in elite distance athletes. Int J Sport Nutr Exerc Metab 
2018;28:403–11.

	15.	 Keen AD, Drinkwater BL. Irreversible bone loss in former 
amenorrheic athletes. Osteoporos Int 1997;7:311–5.

	16.	 Campion F, Nevill AM, Karlsson MK, et al. Bone status in 
professional cyclists. Int J Sports Med 2010;31:511–5.

	17.	 Turton R, Goodwin H, Meyer C. Athletic identity, compulsive exercise 
and eating psychopathology in long-distance runners. Eat Behav 
2017;26:129–32.

	18.	 Torstveit MK, Fahrenholtz I, Stenqvist TB, et al. Within-day energy 
deficiency and metabolic perturbation in male endurance athletes. 
Int J Sport Nutr Exerc Metab 2018;28:419–27.

	19.	 Jeukendrup AE, Craig NP, Hawley JA. The bioenergetics of World 
Class Cycling. J Sci Med Sport 2000;3:414–33.

	20.	 De Pauw K, Roelands B, Cheung SS, et al. Guidelines to classify 
subject groups in sport-science research. Int J Sports Physiol 
Perform 2013;8:111–22.

	21.	 Hausenblas HA, Downs DS. How much is too much? The 
development and validation of the exercise dependence scale. 
Psychol Health 2002;17:387–404.

	22.	 American Psychiatric Association. Diagnostic and statistical manual 
of mental disorders. 4th edn. Washington, DC: American Psychiatric 
Press Inc, 1994: 358.

copyright.
 on 28 M

ay 2019 by guest. P
rotected by

http://bm
jopensem

.bm
j.com

/
B

M
J O

pen S
port E

xerc M
ed: first published as 10.1136/bm

jsem
-2018-000439 on 10 January 2019. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.2147/PRBM.S113093
http://dx.doi.org/10.1016/j.abrep.2018.06.001
http://dx.doi.org/10.1002/erv.971
http://dx.doi.org/10.1249/MSS.0000000000000912
http://dx.doi.org/10.1556/2006.4.2015.044
http://dx.doi.org/10.1136/bjsports-2014-093502
http://dx.doi.org/10.1136/bjsports-2018-099193
http://dx.doi.org/10.1136/bjsports-2017-098958
http://dx.doi.org/10.1007/s00421-007-0619-0
http://dx.doi.org/10.1210/jcem-72-2-422
http://dx.doi.org/10.1123/ijspp.2016-0061
http://dx.doi.org/10.1152/jappl.2000.88.5.1820
http://dx.doi.org/10.1152/jappl.2000.88.5.1820
http://dx.doi.org/10.1080/02640414.2016.1142109
http://dx.doi.org/10.1123/ijsnem.2017-0313
http://dx.doi.org/10.1007/BF01623770
http://dx.doi.org/10.1055/s-0029-1243616
http://dx.doi.org/10.1016/j.eatbeh.2017.03.001
http://dx.doi.org/10.1123/ijsnem.2017-0337
http://dx.doi.org/10.1016/S1440-2440(00)80008-0
http://dx.doi.org/10.1123/ijspp.8.2.111
http://dx.doi.org/10.1123/ijspp.8.2.111
http://dx.doi.org/10.1080/0887044022000004894
http://bmjopensem.bmj.com/


8 Torstveit MK, et al. BMJ Open Sport Exerc Med 2019;5:e000439. doi:10.1136/bmjsem-2018-000439

Open access

	23.	 Cook BJ, Hausenblas HA. The role of exercise dependence for 
the relationship between exercise behavior and eating pathology: 
mediator or moderator? J Health Psychol 2008;13:495–502.

	24.	 Fairburn CG, Beglin SJ. Assessment of eating disorders: interview or 
self-report questionnaire? Int J Eat Disord 1994;16:363–70.

	25.	 Weir JB. New methods for calculating metabolic rate with special 
reference to protein metabolism. 1949. Nutrition 1990;6:213–21.

	26.	 Cunningham JJ. A reanalysis of the factors influencing basal 
metabolic rate in normal adults. Am J Clin Nutr 1980;33:2372–4.

	27.	 De Souza MJ, West SL, Jamal SA, et al. The presence of both an 
energy deficiency and estrogen deficiency exacerbate alterations of 
bone metabolism in exercising women. Bone 2008;43:140–8.

	28.	 Crouter SE, Churilla JR, Bassett DR. Accuracy of the Actiheart for 
the assessment of energy expenditure in adults. Eur J Clin Nutr 
2008;62:704–11.

	29.	 Nattiv A, Loucks AB, Manore MM, et al. American College of Sports 
Medicine position stand. The female athlete triad. Med Sci Sports 
Exerc 2007;39:1867–82.

	30.	 Gibbs JC, Williams NI, Mallinson RJ, et al. Effect of high dietary 
restraint on energy availability and menstrual status. Medicine & 
Science in Sports & Exercise 2013;45:1790–7.

	31.	 Melin A, Tornberg Å. B, Skouby S, et al. Energy availability and the 
female athlete triad in elite endurance athletes. Scandinavian Journal 
of Medicine & Science in Sports 2015;25:610–22.

	32.	 Sjödin AM, Forslund AH, Westerterp KR, et al. The influence of 
physical activity on BMR. Med Sci Sports Exerc 1996;28:85–91.

	33.	 Sundgot-Borgen J, Torstveit MK. Prevalence of eating disorders in 
elite athletes is higher than in the general population. Clin J Sport 
Med 2004;14:25–32.

	34.	 Bratland-Sanda S, Nilsson MP, Sundgot-Borgen J. Disordered eating 
behavior among group fitness instructors: a health-threatening 
secret? J Eat Disord 2015;3:22.

	35.	 Lichtenstein MB, Andries A, Hansen S, et al. Exercise addiction in 
men is associated with lower fat-adjusted leptin levels. Clin J Sport 
Med 2015;25:138–43.

	36.	 Loucks A. Energy balance and energy availability. In: Maughan RJ, 
ed. Sports nutrition. 1st edn. John Wiley & Sons, Ltd, 2014: 72–87.

copyright.
 on 28 M

ay 2019 by guest. P
rotected by

http://bm
jopensem

.bm
j.com

/
B

M
J O

pen S
port E

xerc M
ed: first published as 10.1136/bm

jsem
-2018-000439 on 10 January 2019. D

ow
nloaded from

 

http://dx.doi.org/10.1177/1359105308088520
http://www.ncbi.nlm.nih.gov/pubmed/7866415
http://www.ncbi.nlm.nih.gov/pubmed/2136000
http://dx.doi.org/10.1093/ajcn/33.11.2372
http://dx.doi.org/10.1016/j.bone.2008.03.013
http://dx.doi.org/10.1038/sj.ejcn.1602766
http://dx.doi.org/10.1249/mss.0b013e318149f111
http://dx.doi.org/10.1249/mss.0b013e318149f111
http://dx.doi.org/10.1249/MSS.0b013e3182910e11
http://dx.doi.org/10.1249/MSS.0b013e3182910e11
http://dx.doi.org/10.1111/sms.12261
http://dx.doi.org/10.1111/sms.12261
http://dx.doi.org/10.1097/00005768-199601000-00018
http://dx.doi.org/10.1097/00042752-200401000-00005
http://dx.doi.org/10.1097/00042752-200401000-00005
http://dx.doi.org/10.1186/s40337-015-0059-x
http://dx.doi.org/10.1097/JSM.0000000000000110
http://dx.doi.org/10.1097/JSM.0000000000000110
http://bmjopensem.bmj.com/

	Exercise dependence, eating disorder symptoms and biomarkers of Relative Energy Deficiency in Sports (RED-S) among male endurance athletes
	Abstract
	Background﻿﻿﻿﻿
	Methods
	Study design and participants
	Measures
	Exercise and eating behaviour
	Resting metabolic rate
	Energy availability (EA), energy intake and energy expenditure
	Blood sampling

	Statistical analysis

	Results
	Characteristics of participants with lower and higher EXDS score
	ED symptoms
	Dietary characteristics and energy expenditure
	Biomarkers of RED-S

	Discussion
	Characteristics of subjects with higher EXDS score
	EXD and ED symptoms
	EXD and biomarkers of RED-S
	Strengths and limitations of this study

	Conclusions
	References


