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A B S T R A C T

Objective: Anorexia nervosa (AN) is a severe eating disorder, leading to life-threatening complications and psy
chosocial impairment. Among its complex clinical features, a prominent but poorly understood feature is the 
intense State Urge to be Physically Active (SUPA), which may not always manifest as observable physical ac
tivity. This systematic review followed PRISMA guidelines to synthesize current empirical evidence regarding the 
characteristics, biological underpinnings, assessment methods and clinical implications of SUPA in AN across 
varying illness severity levels.
Methods: A systematic search of PubMed, Scopus, and EBSCOhost databases identified 1165 records, of which 17 
studies met the inclusion criteria and were included in the final review. These studies employed both objective 
and subjective assessments of the SUPA.
Results: Findings suggest that the SUPA may persist regardless of BMI changes, including during recovery, and 
may function as a maladaptive emotion regulation strategy, rather than reflect a dispositional feature. Higher 
SUPA levels during weight restoration seem to predict poorer post treatment weight maintenance.
Discussion: In clinical settings, SUPA may signal illness severity and resistance to weight restoration, warranting 
its proactive inclusion in diagnostic and treatment frameworks. To advance understanding and management of 
SUPA in AN, future research should address confounding factors such as illness duration, validate standardised 
assessment tools and procedures, and explore targeted interventions to improve outcomes in AN.

1. Introduction

Anorexia Nervosa (AN) (American Psychiatric Association, 2022) is a 
severe eating disorder characterised by low body weight, caloric re
striction, and behaviors that increase energy expenditure (e.g., 
increased physical activity) (Moskowitz and Weiselberg, 2017). It is 
marked by an intense fear of gaining weight, persisting even after 

significant weight loss (Weiss Roberts et al., 2017), and a strong pre
occupation with weight and body shape. The disorder is also associated 
with an inability to recognise the severity of the condition (Neale and 
Hudson, 2020). Beyond these features, a clinically relevant but often 
overlooked aspect of the AN phenotype is the paradoxical experience of 
heightened physical and mental energy, despite severe caloric restric
tion and low body weight (Casper, 2016). Historically, research on 
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starvation responses (Aspen, 1993; Keys et al., 1952) has demonstrated 
that prolonged dietary restriction typically leads to decreased physical 
activity, inertia, and apathy. However, some studies have also reported 
psychological responses such as inner restlessness and nervousness 
(Keys et al., 1952), which might parallel the paradoxical drive for ac
tivity seen in individuals with AN (Casper, 2006). While AN and 
semi-starvation conditions may share comparable weight loss and 
similar adaptations in muscle mass morphology and physiology, motor 
restlessness and the heightened urge to be physically active appear 
unique to AN (Casper et al., 2020). The urge to be physically active has 
been observed in 31% to 80% of patients with AN (Hebebrand et al., 
2003), and emerging evidence suggests that, following COVID-19, an 
increase in compulsive exercise behaviors has been observed alongside a 
general rise in eating disorder cases (Boltri et al., 2024; Devoe et al., 
2023).

The concept of the urge to be physically active in AN has been 
described using various terms in the literature, including compulsive 
exercise, exercise addiction, excessive physical activity, motor restless
ness, and hyperactivity. However, it is often not differentiated between 
activity and exercise, with exercise being a planned, structured, repeti
tive, and goal-oriented (e.g., towards fitness) subset of activity. Also, 
these terms, being used interchangeably, often conflate constructs, such 
as trait-like compulsive activity or exercise (which reflects persistent, 
inflexible engagement in physical activity) (Rizk et al., 2020), trait-like 
exercise addiction (reflecting reward-seeking mechanisms and depen
dence on exercise for emotional regulation), and state-dependent urges 
to be active, which may arise acutely in response to internal distress or 
physiological imbalance.

Here, we build upon the construct of the State Urge to be Physically 
Active (SUPA), originally introduced and coined by Amin et al. (2023), 
who first proposed this term to describe a transient, state-dependent 
condition encompassing motor (akathisia, motor restlessness, fidget
ing), emotional (anxiety, inner tension, agitation), and cognitive 
(thought preoccupation, including intrusive thoughts) aspects. Unlike 
trait-like constructs such as compulsive exercise or exercise addiction, 
which are typically assessed as traits, the SUPA represents a momentary 
urge to be physically active that fluctuates over time and may be 
influenced by acute physiological, emotional, cognitive, and motiva
tional states (Amin et al., 2023). This conceptualization partially aligns 
with broader theoretical models describing transient desires and urges 
for movement, such as the Cravings for Rest and Volitional Energy 
Expenditure (CRAVE; Stults-Kolehmainen et al., 2021) framework, 
which conceptualizes motivation for movement and rest as dynamic 
state-like experiences rather than stable behavioural dispositions. 
Within this broader framework, CRAVE specifically operationalises the 
bidirectional motivational continuum regulating both movement and 
rest across both healthy and clinical populations (Stults-Kolehmainen 
et al., 2022). In contrast, SUPA represents a more clinically anchored 
and predominantly dysregulated state characterised by an urgent, often 
maladaptive drive toward physical activity, as observed in AN, including 
its potential association with starvation, affect regulation, cognitive 
preoccupation, and motor restlessness. The SUPA may thus arise as a 
maladaptive response to energy deficit, stress, or heightened arousal, 
temporarily alleviating negative affect while reinforcing maladaptive 
behavioural patterns (Schlegl et al., 2018). Nevertheless, it should be 
noted that high premorbid physical activity levels have been linked to 
increased risk of developing hyperactivity both in AN (Davis et al., 
1994) and in rodent models of anorexia-based activity (Pjetri et al., 
2012).

Emerging evidence suggests an additional biological basis for SUPA, 
with disruptions in energy homeostasis playing a key role. Alterations in 
hormone signalling may contribute to motor restlessness and physical 
activity in AN (Holtkamp et al., 2006). For instance, low leptin levels, 
reflecting energy deficit, have been associated with increased motor 
activity (Stengel et al., 2017) and may influence neurobiological path
ways involved in affect regulation (e.g., anxiety, rigidity, compulsivity) 

(Hebebrand et al., 2019). Murine animal models further support this 
association, showing that extreme dietary restriction can induce para
doxical hyperactivity, which may exacerbate energy imbalance, reduce 
food intake, and reinforce pathological behaviours characteristic of AN 
(Adan et al., 2011; Hebebrand et al., 2003). Finally, exogenous appli
cation of leptin to food restricted rodents is known to suppress or reduce 
running wheel activity (Exner et al., 2000; Fernandes et al., 2015).

We explicitly acknowledge that the term SUPA originates from Amin 
et al. (2023), and we do not claim authorship of the construct. However, 
to our knowledge, no work to date has systematically operationalized or 
fully integrated this construct within a broader empirical or theoretical 
framework, nor has it been clearly differentiated from adjacent moti
vational states in ED literature. Within this context, the present sys
tematic literature review aims to assess the current state of research on 
SUPA in all subtypes of AN, including Atypical Anorexia Nervosa (AAN). 
While BMI has traditionally been considered an indicator of illness 
severity, emerging clinical and research perspectives suggest that high 
levels of the urge to be physically active may not be directly related to 
BMI. Instead, these behaviours may be driven by biological factors 
and/or psychologically motivated aspects, such as body image distortion 
and the need for compensatory behaviours (Di Lodovico et al., 2022). 
Specifically, we seek to examine both objective (motor activity levels) 
and subjective (motivational, emotional, and cognitive) aspects of the 
SUPA, and to determine whether physical activity levels vary according 
to illness severity (e.g., BMI ranges across acute vs. weight restoration 
phases). By systematically reviewing existing studies, we aim to syn
thesize current evidence regarding the subjective and objective mani
festations of SUPA in AN, examine its proposed biological and 
psychological correlates, and evaluate its potential clinical implications 
across illness severity levels. Additionally, we discuss conceptual in
consistencies in the literature and propose directions for future research.

2. Methods

2.1. Search strategy

A systematic search was conducted to identify clinical studies 
investigating the urge to be physically active in individuals with AN and 
AAN. The PRISMA guidelines were followed as a methodological 
framework (Page et al., 2021), and the review was pre-registered on 
PROSPERO (registration ID: CRD42024527564). Searches were con
ducted between December 2023 and March 2025 using PubMed, EBS
COhost (PsycINFO, PsycARTICLES, PSYNDEX, MEDLINE, ERIC) and 
Scopus. Search terms were [(“anorexia nervosa” OR “atypical anorexia”) 
AND (“drive for activity” OR “urge to move” OR “compulsive exercise” 
OR “spontaneous physical activity” OR “hyperactivity” OR “restless
ness” OR “akathisia” OR “inability to sit still”)]. The exact search string 
is reported in Supplementary Materials. The research was carried out 
independently by three researchers (LP, MB, CG) and disagreements 
were discussed and resolved by consensus.

2.2. Study selection

Although the review includes exploratory and concept-oriented ob
jectives due to the heterogeneity of the literature, it was designed and 
conducted as a systematic review with predefined eligibility criteria, 
structured evidence synthesis, and methodological quality assessment.

Given the absence of standardized terminology and operational 
definitions for state-related activity urges in AN, a broader search 
strategy was necessary to systematically capture studies investigating 
overlapping state-dependent manifestations of physical activity urges in 
this clinical population. In particular, currently available psychometric 
instruments often insufficiently distinguish between trait-like compul
sive exercise and state-dependent urges or motivational drives toward 
activity. Therefore, studies using measures traditionally associated with 
compulsive exercise constructs (e.g., Commitment to Exercise Scale; 
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Davis et al., 1993) were considered eligible only when the study aim, 
interpretation, or analysed dimensions explicitly addressed acute urges 
to move, driven exercise, motor restlessness, affect-regulation processes, 
or other state-related motivational aspects of activity, rather than stable 
dispositional exercise dependence or trait compulsivity per se. Eligibility 
criteria were defined as follows: (1) studies investigating the urge to be 
physically active in terms of “need”, “urge”, “urgency” and “physio
logical need” for physical activity and exercise, thus describing a “state” 
rather than a “trait”; (2) human cohorts; (3) clinical cohorts with a main 
formal diagnosis of AN or AAN; (4) all age groups; (5) all genders; (6) 
studies in English and Italian; (7) quantitative studies, such as retro
spective and prospective observational studies, case-control studies, 
cohort studies, prevalence studies, clinical trials, and randomised 
controlled trials, cross-sectional and longitudinal studies.

The exclusion criteria were as follows: (1) studies investigating 
physical activity as a behavioural addiction (exercise dependence) and/ 
or dispositional characteristic (trait compulsivity) only, without 
addressing state-dependent or acute motivational aspects of activity 
urges, as we were specifically interested in examining transient state- 
related manifestations rather than stable planned, structured, or repet
itive behavioural patterns; (2) studies using the terms “exercise” and 
“activity” in contexts not relevant to physical movement (e.g., “work 
activity”); (3) clinical populations with main diagnoses other than AN or 
AAN; (4) animal studies; (5) qualitative studies; (6) reviews and meta- 
analyses; (7) ongoing studies, book chapters, and studies from non- 
scientific journals.

The database search yielded 1165 results (362 from EBSCOhost, 143 

from PubMed and 660 from Scopus), of which 816 remained after 
removal of duplicates. After title and abstract screening, 35 studies were 
identified as potentially relevant. After full-text screening, 17 studies 
met the eligibility criteria and were included. Study validity was 
assessed using the Newcastle-Ottawa Scale (NOS; Wells et al., 2014), 
suitable for observational studies (cross-sectional, cohort, and 
case-control studies). Scores were based on three main domains: Selec
tion, Comparability, and Outcome or Exposure (for case-control 
studies). Studies were then classified as “Very Good”, “Good”, “Satis
factory”, or “Unsatisfactory” by three independent authors (MB, LP, and 
CG), with no penalties for “Not Applicable” items. One single random
ized controlled trial (Harris et al., 2024) was assessed using the 
Cochrane Risk of Bias tool version 2 (RoB 2.0), which evaluates five 
domains of potential bias. Two reviewers (MB and CG) independently 
assessed the study. The study was rated as having “some concerns” 
overall, due primarily to insufficient information regarding the 
randomization process (see Supplementary Materials).

Fig. 1 illustrates the entire screening process in a PRISMA flowchart.

3. Results

Findings from the included studies are summarised in Table 1 and 
presented according to the assessment tools used to evaluate the urge to 
be physically active in patients with AN. The studies analysed used 
either objective measures such as the SmartShoe or the SenseWear TM 
PRO3 armband, or subjective measures such as self-report question
naires and interviews, or both. The studies included individuals with AN 

Fig. 1. PRISMA flowchart.
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covering the entire spectrum of severity according to the DSM-5-TR 
(American Psychiatric Association, 2022). The DSM-5-TR describes 
four markers of severity of AN by BMI status: mild for BMI ≥17 kg/m2, 
moderate for BMI between 16 and 16.99, severe for BMI between 15 and 
15.99, and extreme when the BMI is < 15 kg/m2.

3.1. Studies reporting objective measures of the SUPA

Belak and colleagues (Belak et al., 2017) measured sedentary 
non-exercise physical activity with the SmartShoe device, a shoe 
detecting changes in posture and movement while standing and sitting. 
The sample included 11 adult white women with AN, with an average 
BMI of 17.60 kg/m2 (SD: ±2.10 kg/m2) upon assessment, reflecting a 
mild severity marker. The authors found that BMI was not associated 
with activity levels. Similarly, another study examined physical activity, 
measured using the SenseWear armband, in determining BMI restora
tion during hospitalization of inpatients with AN, and found no direct 
association between physical activity levels and BMI increase at 
discharge; conversely, BMI increase was mostly explained by lower 
admission BMI and longer inpatient stay (Lehmann et al., 2018).

The study by Gianini et al. compared objectively measured physical 
activity in individuals with AN at low-weight, while weight-restored, 
and at post-treatment time points (Gianini et al., 2016). Authors used 
the Intelligent Device for Energy Expenditure and Activity (IDEEA) 
accelerometer, a novel microcomputer-based portable device. Forty-five 
women with AN participated in the study, with an average BMI of 
16.1 kg/m2 (±1.0 kg/m2) at low-weight and 20.2 kg/m2 (±0.7) during 
weight restoration. The authors found that higher levels of activity (time 
on feet measures) during the weight-restored phase predicted a more 
precipitous rate of decrease in BMI at 12 months following discharge 
from inpatient treatment (t = − 2.03, p = .05).

Another study examined the effect of ambient temperature on 
physical activity in women with AN, aged between 12 and 18 years old, 
in the acute phase of the illness (Carrera et al., 2012). The authors 
assessed the step count of patients with an accelerometer and compared 
activity levels in two conditions: the Cold group (activity was measured 
during autumn and the winter months) and the Warm group (activity 
measured during spring and summer). Results showed that BMI did not 
predict physical activity, as measured by step count per day and strati
fied by intensity (sedentary vs. light vs. moderate). In addition, the study 
found that the Cold group was significantly more physically active 
(counts/day) than the Warm group, p = .003.

Moreover, two studies investigated the influence of body composi
tion on physical activity in patients with AN (Hofmann et al., 2017; 
Stengel et al., 2017). Activity was measured using the SenseWear TM 
PRO3 armband in both studies. Hofmann and colleagues (Hofmann 
et al., 2017) included 38 women with AN and a mean BMI of 
14.8 kg/m2 (±1.7), while Stengel et al. (2017) enrolled 61 women with 
AN who had an average BMI of 14.8 (±2.0), indicating an extreme 
severity of the disorder. Both studies found no associations between 
physical activity levels and BMI of the participants (Hofmann et al., 
2017; Stengel et al., 2017).

The study by Holtkamp and colleagues (Holtkamp et al., 2003) 
aimed to evaluate whether leptin can influence the level of physical 
activity in two samples of female adolescents with extreme AN, with an 
average BMI of 14.46 kg/m2 (±1.48 for group 1 and ± 1.33 for group 2). 
Physical activity was assessed for 4 days using an accelerometer, the 
Actiwatch Sleep Analysis 2001 device (Paquet et al., 2007). In this study, 
BMI was again not associated with the levels of physical activity dis
played by the participants.

Overall, studies utilizing objective measures, such as accelerometers 
and other activity-tracking devices, consistently found that BMI alone is 
insufficient to explain the variability in physical activity measures. No 
association was observed between BMI and activity levels in either pa
tients with mild (Belak et al., 2017), moderate (Carrera et al., 2012), or 
extreme AN (Hofmann et al., 2017; Holtkamp et al., 2003; Lehmann 

et al., 2018; Stengel et al., 2017). These findings suggest that physical 
activity might persist independent of weight status. Gianini et al. (2016)
provided additional insights by assessing the urge to be physically active 
across different timepoints: the study revealed that high levels of 
physical activity during weight restoration were predictive of more 
rapid BMI decline post-discharge, emphasizing the enduring psycho
logical drive for activity even when physical recovery has been 
achieved.

3.2. Studies reporting subjective measures of the SUPA

Vansteelandt and colleagues (Vansteelandt et al., 2007) investigated 
the within-patient associations between drive for thinness, emotional 
states, momentary urge to be physically active, and physical activity 
using Ecological Momentary Assessment. The 32 adolescent and adult 
women included in the study presented with a mean BMI of 16.71 kg/m2 

(±1.8), representing an overall moderate severity of the disorder. The 
study found that patients with higher mean levels of their urge to be 
physically active and higher levels of physical activity were character
ized by lower BMI (par = − 0.16, p < .05).

One study looked at interpersonal, affective, and compulsive features 
of driven exercise in AN (Kolar et al., 2022). The sample consisted of 207 
adolescents and adults with AN, with a mean BMI of 15.17 (SD: 1.92); 
their driven exercise levels were measured using the Commitment to 
Exercise Scale (CES) (Davis et al., 1993), with a mean score at baseline of 
2.93 (SD: 0.68) out of 4. Regarding BMI, no significant correlation was 
reported to CES levels. On average, individuals reporting higher levels of 
compulsivity also reported more difficulties in affect regulation; how
ever, trait compulsivity did not significantly moderate the relationship 
between affect-regulation difficulties and driven exercise measured with 
the CES.

Another study investigated whether acute activity urges impact 
discharge weights in AN inpatient (Halbeisen et al., 2024). The authors 
included a sample of 53 individuals with severe AN, who presented with 
a mean BMI of 15.67 kg/m2 (±1.33). Although the authors observed that 
higher levels of the SUPA, measured via a validated German question
naire (SUPA-Q) (Amin et al., 2023), were associated with lower early 
weight gain, they did not observe a significant role of admission BMI 
(B = − 0.002, SE = 0.002; Beta = − 0.104, t = − 0.786, p = .436).

The study by Harris et al. looked at the efficacy of the compuLsive 
Exercise Activity theraPy (LEAP) on compulsive exercise behaviour 
measured by the Compulsive Exercise Test (CET) (Taranis et al., 2011) 
and the CES; the predictive validity of the CET's subscales and their 
ability to predict eating psychopathology were also investigated (Harris 
et al., 2024). Results showed that the subscales “Avoidance and rule 
driven behaviour” and “Mood improvement” of the CET predicted ex
ercise behaviour in a group of 78 adult women with AN, with a mean 
BMI of 16.49 (SD = 1.12). Scores of CET's subscales at baseline were not 
significant predictors of BMI. Total scores of CET and CES were pre
dictive of eating pathology (semi-partial R2 = 0.0982, p = .0012, and 
semi-partial R2 = 0.0689, p < .0001, respectively).

Another study focused on the relationship between the drive for 
activity (DFA) and the severity of AN (measured by the Eating Disorder 
Examination- Questionnaire; EDE-Q) (Fairburn and Beglin, 1994), and 
the impact of negative affect on the association (Sternheim et al., 2015). 
The sample consisted of 240 women with severe AN, whose mean BMI 
was 15.8 kg/m2 (±1.7). The analysis did not reveal any association be
tween DFA and BMI.

Moreover, in a retrospective study on the physical and psychological 
sequelae following significant weight loss (on average − 12.5 kg) in 
adolescent inpatients with restrictive AN, physical restlessness was 
found to be positively associated with weight loss both in terms of kg and 
BMI (Casper et al., 2020). Increases in the urge to be physically active 
and physical restlessness were strongly associated with self-reported 
measures of (actual) physical activity and weight loss. The number of 
women with AN involved in this study was 83; at baseline, they 
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Table 1 
Summary of included studies (n = 17) – Assessment of UPA in AN.

Authors, 
publication 
year and 
countries

Objective Study design Sample 
size

Mean (SD) 
age, years

BMI M (SD) Illness 
duration 
(years 
(SD))

Diagnosis Assessment instrument Term used by 
authors, 
definition and 
cut-offs

Time of 
assessment

Main results

Objectively Subjectively

Extreme BMI (<15 kg/m2)

1. Casper et al. 
(2020)
Germany

Assess the 
prevalence of the 
drive for activity, 
here 
operationalized as 
an increased urge 
for movement, 
physical 
restlessness, and 
mental 
restlessness.

ES N = 83 
(women)

16.4 (1,9) T0: 13.8 
(1.6) 
T1: 16.1 
(1.95)

2.16 
(1.8)

ANR, 
diagnosed 
with ICD-10.

- BSI 
CET 
CES 
RWLQ

Drive For 
Activity

n.a. Increased DFA was 
positively 
associated with 
percentile weight 
loss (r = 0.274, 
p < .01), feeling 
physically active 
(r = 0.337, p < .01), 
physical 
restlessness 
(r = 0.284, p < .05). 
Physical agitation 
correlated with BMI 
for weight loss 
(r = 0.300) and 
weight loss in kg 
(r = 0.318, all 
p < .01).

2. Hofmann et al. 
(2017)
Germany

Investigate the 
association of PA 
with hormones 
(kisspeptin, 
ghrelin, 
oxyntomodulin, 
orexin-A, FGF-21, 
R-spondin-1) and 
psychometric 
parameters and 
body composition

ES N = 38 
(women) 

27.5 (8,9) 14.8 (1.7) 7.9 AN, 
diagnosed 
with ICD-10. 
ANR: 17 
ANPB: 11 
AAN: 10

SenseWear 
TM PRO3 
armband

- Physical 
Activity

n.a. No significant 
correlations 
between PA (total 
step count) and BMI

3. Holtkamp et al. 
(2003)
Germany

Define symptoms 
of AN that are 
potentially linked 
to low leptin levels.

ES Ntot = 88 
(women) 
N1 = 61 
N2 = 27

N1: 17.54 
(4,6) yo 
N2: 14.54 
(1,2) yo

N1: 14.46 
(1.4) 
N2: 14.46 
(1.3)

— AN 
diagnosed 
with DSM- 
IV. 
ANR:38 
ANBP: 18 
5 pts without 
subtype 
2AN, 
diagnosed 
with DSM- 
IV. 
ANR: 21 
ANPB: 6

SIAB-EX - Physical 
Activity

n.a. For both group 1 
and group 2, the 
regression model 
with BMI and leptin 
explained 37% of 
the variance in 
physical activity 
levels (R2 = 0.37, 
p = .003). Only 
leptin levels 
significantly 
contributed to this 
variance (p = .003), 
while BMI did not 
(p = .205).

4. Keyes et al. 
(2015)

UK

Investigate 
physical activity 
and drive for 
exercise in AN in 
relation to eating 

CSS AN-OP: 
35 
AN-IP: 17  

AN: 29 (− )  

HC: 29 (− ) 
A: 27 (− )

AN-IP: 14.1 
(2.11)  

AN-OP: 

​ AN, 
diagnosed 
with the 
Structured 
Clinical 

Actiwatch IPA-Q 
OEQ 
EAI 
REI

Drive to 
Exercise

n.a. Patients with AN 
showed higher self- 
reported PA 
compared to HC, 
while 

(continued on next page)
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Table 1 (continued )

Authors, 
publication 
year and 
countries 

Objective Study design Sample 
size 

Mean (SD) 
age, years 

BMI M (SD) Illness 
duration 
(years 
(SD)) 

Diagnosis Assessment instrument Term used by 
authors, 
definition and 
cut-offs 

Time of 
assessment 

Main results

Objectively Subjectively

disorder pathology 
and anxiety.

16.04 
(1.44)

Interview for 
DSM (SCID- 
I/P).

accelerometer- 
measured PA levels 
for patients with AN 
and controls were 
not significantly 
different. 
No difference in 
levels of drive to 
exercise was found 
between AN-IPs and 
AN-OPs nor 
depending on the 
sample's BMI.

5. Stengel et al. 
(2017)
Germany

Explore the 
association of 
leptin and PA in 
adults with AN 
using an objective 
technique to 
quantify PA.

CSS N = 61 
(women)

25 (-) yo ANR: 14.6 
(2.1) 
ANBP 15.7 
(1.6)

3,6 AN 
diagnosed 
with ICD-10. 
ANR: 49 
ANBP: 12

SenseWear 
TM PRO3 
armband

- Physical 
activity

n.a. No significant 
association between 
BMI and PA (step 
count) in both 
groups

6. Lehmann et al. 
(2018)
Germany, USA

Investigate the 
relationship 
between different 
PA patterns and 
BMI increase 
during inpatient 
treatment.

CCS N = 50 25 (21/30) 
yo

14.4 (2.0) 72 (15/ 
134) 
months

AN 
diagnosed 
with ICD-10.

SenseWear 
TM PRO3 
armband

- Physical 
Activity; PA 
was 
continuously 
detected over 
a 3-day 
period. A day 
was included 
into data 
analysis if the 
armband had 
been worn for 
at least 20.5 h. 
They used six 
different 
metabolic 
equivalent 
(MET) 
categories to 
classify 
different 
activity 
intensities of 
PA

Pre- and post- 
intervention

Compared to 
controls, AN 
patients spent more 
time in very light 
(647 vs. 566 min/ 
day, p = .004) and 
light-intensity PA 
(126 vs. 84 min/ 
day, p < .001), and 
less time in 
moderate (82 vs. 
114 min/day, 
p = .022) and 
vigorous PA (0 vs. 
16 min/day, 
p < .001). PA and 
BMI increase were 
not linearly 
associated; BMI 
increase was mainly 
explained by lower 
admission BMI and 
longer inpatient 
stay. In a non-linear 
model, PA 
influenced BMI 
increase (jackknife 
validation, 
r2 = 0.203; 
p < .001). No direct 
link was found 
between inactivity 
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Table 1 (continued )

Authors, 
publication 
year and 
countries 

Objective Study design Sample 
size 

Mean (SD) 
age, years 

BMI M (SD) Illness 
duration 
(years 
(SD)) 

Diagnosis Assessment instrument Term used by 
authors, 
definition and 
cut-offs 

Time of 
assessment 

Main results

Objectively Subjectively

and BMI increase in 
AN

Severe BMI (15≤BMI≤15,99 kg/m2)

7. Halbeisen 
et al., 2024
Germany

Investigate 
whether acute 
(state- like) activity 
urges at treatment 
onset would 
predict within- 
person weight gain 
in patients with AN 
during the initial 2 
weeks of inpatient 
treatment.

Cohort N = 53 25.15 
(9.74)

15.67 
(1.33)

​ AN 
diagnosed 
with ICD-10. 
ANR: 21 
ANBP: 22 
AAN: 10

– SUPAQ 
CES 
EDS 
BIS-15 
EDE-Q

Urge to be 
Physically 
Active

n.a. The level of UPA 
predicted the 
average daily BMI 
gain during the 2- 
week treatment; 
nevertheless, BMI at 
admission did not 
have any effect on 
this relationship.

8. Sternheim 
et al., 2015
Netherlands

Investigate DFA 
levels in patients 
with AN and its 
relation to its 
severity and the 
influence of 
negative affect 
(anxiety) on DFA

CSS N = 240 
(women)

21,6 (8,9) 
yo

15.8 (1.7) 5.5 (7.4) AN, 
diagnosed 
with DSM-5. 
ANR: 145 
ANBP: 95

- DFAQ 
EDE-Q

Drive for 
activity

n.a. No significant 
differences among 
subtypes of AN 
relative to DFA 
levels. 
Positive correlation 
between DFA levels 
and EDE levels 
(r = 0.421, 
p < .001), and 
between DFA levels 
and STAI-T levels 
(r = 0.420, 
p < .001). DFA was 
predictive of ED 
(R2 = 0.23)

9. Kolar et al. 
(2022)
Germany

Test the hypothesis 
that trait 
compulsivity 
predicts a stronger 
within-person link 
between affect- 
regulatory 
difficulties or 
interpersonal 
sensitivity and 
driven exercise 
in females with AN

CSS N = 207 19.23 
(5.52) yo

15.17 
(1.92)

3.72 
(4.48)

AN subtypes 
and atypical, 
diagnosed 
with DSM-IV

- CES Driven 
exercise. 
Ranges of 
mean scores: 
1-4

They used data 
from five 
assessments 
across inpatient 
treatment and 6- 
months follow- 
up of 207 adult 
and adolescent 
patients with 
AN.

The CES mean score 
at baseline was 2.93 
(SD: 0.68). 
The between- 
person correlation 
of BMI and CES was 
not significant 
(r = 0.01), but BMI 
and CES were 
correlated 
(r = 0.53). Greater 
affect-regulation 
difficulties and 
interpersonal 
sensitivity were 
linked to stronger 
driven exercise. 
Trait compulsivity 
amplified the 
impact of 
interpersonal 
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Table 1 (continued )

Authors, 
publication 
year and 
countries 

Objective Study design Sample 
size 

Mean (SD) 
age, years 

BMI M (SD) Illness 
duration 
(years 
(SD)) 

Diagnosis Assessment instrument Term used by 
authors, 
definition and 
cut-offs 

Time of 
assessment 

Main results

Objectively Subjectively

sensitivity on 
driven exercise over 
time but did not 
moderate the link 
between affect- 
regulation 
difficulties and CES

Moderate BMI (16≤BMI≤16,99 kg/m2)

10. Carrera et al., 
2012

Assess the effect of 
ambient 
temperature on 
physical activity in 
AN patients in the 
acute phase of the 
illness, comparing 
warm to cold 
months.

CSS N = 37 15.3 (1.25) 
(12 to 18 
yo only)

16 (1.5) 1.2 
(0.79)

AN 
diagnosed 
according to 
the DSM-IV 
criteria using 
the Eating 
Disorder 
Examination

Actiwatch AW 
4

- Physical 
Activity. 
The Actiwatch 
was worn for 
three 
consecutive 
weekdays, 
from 9 p.m. on 
the first day to 
9 p.m. on the 
fourth day, 
except while 
swimming and 
showering.

Patients' 
enrollment in 
the study for the 
Warm group 
was between 
April 
and October, 
while patient 
referrals to the 
eating disorders 
clinic 
for the Cold 
group were 
between 
October and 
April.

Physical activity, as 
measured by step 
count per day or 
stratified by 
intensity (sedentary 
vs. light vs. 
moderate), did not 
correlate with BMI. 
A multiple 
regression analysis 
showed that BMI 
did not predict PA. 
The Cold group was 
significantly more 
physically active 
(counts/day) than 
the Warm group, 
p = .003.

11. Gianini et al. 
(2016)

USA

Compare an 
objective 
measurement of PA 
in individuals with 
AN at low-weight, 
weight-restored, 
and post-treatment 
time points, and 
with HC

Cohort AN: 61 
(women)   

24,4 (6,5) AN T1: 
16,1 (1) 
AN T2: 
20,2 (0,7) 
AN T3: 
19,5 (2) 

8.3 (6.6) AN, based on 
DSM-5 
criteria at the 
time of 
hospital 
admission

IDEEA 
accelerometer

- Physical 
Activity and 
Fidgeting

Low-weight, 
weight 
restoration, one 
month post- 
discharge.

AN patients showed 
significantly higher 
activity levels at 
weight restoration 
(Time 2) and one 
month post- 
discharge (Time 3) 
compared to low- 
weight (Time 1), 
with Time 3 activity 
exceeding Time 2 
activity. Fidgeting 
did not differ 
significantly across 
time points.

12. Vansteelandt 
et al. (2007)

Belgium

Using EMA, within- 
patient links 
between drive for 
thinness, emotions, 
UPA, and PA were 
studied in ED 
inpatients

Cohort N tot = 32 
N AN- 
R = 14 
N AN- 
BP = 5   

M age (SD) 
tot: 21.6 
(6.7) yo

AN: 16.71 
(1.80) 

— AN and BN 
according to 
the 
Diagnostic 
and 
Statistical 
Manual of 
Mental 
Disorders 4th 

- EDI 
PANAS 
BDI 
SCL-90

Urge to be 
Physically 
Active

n.a. Patients with higher 
mean levels of UPA 
were characterized 
by low BMI 
(par = − 0.16, 
p < .05), chronic 
negative affect 
(par = 0.58, 
p < .01), and a 
strong drive for 
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Table 1 (continued )

Authors, 
publication 
year and 
countries 

Objective Study design Sample 
size 

Mean (SD) 
age, years 

BMI M (SD) Illness 
duration 
(years 
(SD)) 

Diagnosis Assessment instrument Term used by 
authors, 
definition and 
cut-offs 

Time of 
assessment 

Main results

Objectively Subjectively

edition 
(DSM-IV)

thinness 
(par = 0.18, 
p < .001).Within 
patient associations 
between DT and 
UPA were 
moderated by BMI 
and chronically 
negative affect. 
Positive emotional 
states were 
significantly 
associated with PA 
in patients.

13. Bezzina et al., 
2019
Australia, USA, 
UK

Examined self- 
reported vs. 
objective PA 
accuracy in AN 
patients and its 
links to compulsive 
exercise, 
motivation, and 
distress

Observational 
CSS

N = 34 
(32 
women, 2 
men)

26.3 (6.4) 
(Female: 
32, 
Male: 2)

16.4 (SD: 
1.2)

- AN 
diagnosed 
with DSM-5

ActiGraph EPS-Q 
CET

Physical 
exercise

At baseline, 
participants 
completed 
questionnaires 
and were asked 
to wear the 
accelerometer 
on an elastic belt 
around their 
waist for 4 days 
(but not when in 
bed, while 
showering or 
swimming).

Patients 
significantly under- 
reported total PA 
compared to 
accelerometer data 
(p < .001), mainly 
due to under- 
reporting light- 
intensity PA. 
Moderate and 
vigorous PA were 
reported 
accurately. Higher 
compulsive exercise 
scores correlated 
with more accurate 
total PA reporting 
(r = 0.36, p = .04).

14. Harris et al., 
2024 Australia, 
USA, UK

Investigate the 
effect of 
Compulsive 
Exercise Activity 
Therapy (LEAP) on 
compulsive 
exercise behaviour 
using subscales of 
the CET. Predictive 
validity of the 
CET's subscales and 
its ability to predict 
eating 
psychopathology 
are investigated.

RCT N = 78 
(74 
women, 4 
men)

27.12 
(SD = 9.17)

16.49 
(SD = 1.12)

AN onset 
(SD): 
18.45 
(6.4) 
years old

AN 
diagnosed 
with DSM-5.

- CES 
CET

Compulsive 
exercise

At baseline and 
post- 
intervention

‘Avoidance and 
rule-driven 
behavior’ (EDE-Q 
item 18) and ‘Mood 
improvement’ 
(CET) predicted 
exercise frequency. 
Baseline CET 
subscales did not 
predict BMI. Total 
CET and CES scores 
predicted eating 
pathology (semi- 
partial R2 = 0.0982, 
p = .0012; 
R2 = 0.0689, 
p < .0001), with 
CET being the 
strongest predictor

(continued on next page)
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Table 1 (continued )

Authors, 
publication 
year and 
countries 

Objective Study design Sample 
size 

Mean (SD) 
age, years 

BMI M (SD) Illness 
duration 
(years 
(SD)) 

Diagnosis Assessment instrument Term used by 
authors, 
definition and 
cut-offs 

Time of 
assessment 

Main results

Objectively Subjectively

15. Young et al., 
2017Australia, 
UK, USA

Assess the 
concurrent validity 
of EDE/EDE-Q 
exercise items with 
the CET and other 
measures in AN 
patients, and 
validated the CET 
in an adult clinical 
sample

CSS N = 78 27.12 
(9.17)

16.49 
(1.12)

5.53 
(7.80)

AN 
diagnosed 
with DSM-5.

- CES 
CET

Compulsive 
Exercise

n.a. Exercise frequency 
(EDE measures) was 
significantly related 
to compulsive 
exercise (CET- 
Total) and higher 
ED 
psychopathology. 
CES predicted less 
variance in ED 
psychopathology 
than CET

Mild BMI (≥17 kg/m2)

16. Paslakis et al. 
(2017)
Germany

Test a VR paradigm 
to induce an acute 
urge for physical 
activity under 
controlled 
therapeutic 
conditions

PS N = 30 
(women)

_ AN: 17.08 
(1.74) 
BN: 
22.36 
(2.02)

​ AN: 20 
BN: 10 
Diagnosed 
with DSM-5.

- SUPAQ 
CET

State Urge to 
be Physically 
Active

n.a. Changes not 
associated with any 
of the variables 
considered (BMI, 
baseline plasma 
leptin, D-cortisol or 
D-cortisone).

17. Belak et al., 
2017 USA

Objectively 
assessed seated 
non-exercise 
activity in AN 
patients vs. 
controls, and 
examined links 
with ED pathology, 
anxiety, and 
depression

CSS Ntot = 21 
N AN: 11 
(women)

AN: 24,50 
(6)

17.60 
(2.10)

9.80 
(5.60)

AN, 
diagnosed 
with DSM-5. 
ANR: 9 
ANBP: 2

SmartShoe - Physical 
Activity

n.a. No significant 
correlation between 
patients' rate of 
weight gain and 
activity level (r = − . 
11, p = .76)

Abbreviations: AAN: Atypical Anorexia Nervosa; AN: Anorexia Nervosa; ANBP: Anorexia Nervosa Binge/Purging type; ANR: Anorexia Nervosa Restricting type; BDI: Beck Depression Inventory; BMI: Body Mass Index; BN: 
Bulimia Nervosa; BSI: Brief Symptoms Inventory; CCS: Case-Control Study; CES: Commitment to Exercise Scale; CET: Compulsive Exercise Test; CS: Correlational Study; CSS: Cross-Sectional Study; DASS: Depression 
Anxiety Stress Scale 21-Version; DFA: Drive for Activity; DFAQ: Drive for Activity Questionnaire; EAI: Exercise Addiction Inventory; EDE: Eating Disorder Examination; EDE-Q: Eating Disorder Examination Questionnaire; 
EDI-2: Eating Disorder Inventory 2 edition; EDS-21: Eating Disorder Symptomatology – 21; EE: Excessive Exercise; ED: Eating Disorder; EMA: Ecological Momentary Assessment; EPS-Q: Exercise Participation Screening 
Questionnaire; ES: Exploratory Study; FGF-21: Fibroblast Growth Factor 21; GAD: Generalized Anxiety Disorder; GAD-7: Generalized Anxiety Disorder-7; HC: Healthy Controls; IDEEA: Intelligent Device for Energy 
Expenditure and Activity; IN: Inner Restlessness; IPA-Q: International Physical Activity Questionnaire; MO: Motor Restlessness; N: Sample size; n.a.: not available; OEQ: Obligatory Exercise Questionnaire; PA: Physical 
Activity; PANAS: Positive and Negative Affect Schedule; PHQ-9: Patient Health Questionnaire-9; PS: Pilot Study; PSQ-20: Perceived Stress Questionnaire-20; pt: patient; REI: Reasons for Exercise Inventory; RWLQ: 
Reactions to Weight Loss Questionnaire; SCL-90: Symptom Checklist-90; SCID-I/P: Structured Clinical Interview for DSM, Research Version/Patient Edition; SIAB-EX: Structured Interview for Anorexic and Bulimic 
Disorders for Expert; SD: Standard Deviation; smQ: a 10-item self-report questionnaire; STAI-T: State-Trait Anxiety Inventory trait subscale; SUPA-Q: Subjective Urge to be Physically Active-Questionnaire; VAS: Visual 
Analogue Scale; VR: Virtual Reality Visor.
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presented with extreme AN and an average BMI of 13.8 kg/m2 (±1.6), 
whereas at weight restoration the illness turned to moderate, with a 
mean BMI of 16.1 kg/m2 (±1.95).

Finally, a study aimed at evaluating the efficiency of a novel virtual 
reality (VR) exposure paradigm, involving simulated jogging, to reduce 
the urge to be physically active in patients with eating disorders 
(Paslakis et al., 2017). To do so, the authors measured both subjective 
urge and potential hormonal changes. The acute urge to be physically 
active was measured using the State Urge to be Physically Active 
Questionnaire (SUPA-Q) (Amin et al., 2023) before and after the VR 
exposure. The study included 20 women with AN who reported a mean 
BMI of 17.1 kg/m2 (±1.74), thus of mild severity. The authors found that 
the self-reported levels of the state urge to be physically active were not 
associated with BMI.

Overall, studies using subjective assessments showed mixed results, 
either by revealing no association (i.e., aligning with the aforemen
tioned studies applying objective assessments) or a weak association 
between (low) BMI and (high) urge to be physically active, underscoring 
the psychological persistence of the urge to engage in activity across a 
BMI range (Sternheim et al., 2015; Vansteelandt et al., 2007). Some 
evidence suggests that compulsive exercise might be used as a regula
tory strategy for emotional distress, and one study showed how trait 
compulsivity, however, was not a moderator between affect-regulation 
and driven exercise (Kolar et al., 2022). At the same time, the studies 
by Casper et al. (2020) and Halbeisen et al. (2024) both suggest that 
self-reported state urges may impact clinical outcomes, being linked to 
both weight loss and reduced early weight gain during treatment.

3.3. Studies reporting double measures of the SUPA

A study investigated the relationship between the urge to be physi
cally active and physical activity in AN, applying both an objective 
measurement (actigraphy) and self-report measurements for physical 
activity (Keyes et al., 2015). The study included 17 inpatients (mean 
BMI: 14.1 ± 2.11 kg/m2) and 35 outpatients (mean BMI: 
16.04 ± 1.44 kg/m2) with AN, representing extreme and moderate AN, 
respectively. This study found that patients with AN self-reported higher 
physical activity compared to healthy controls, while 
accelerometer-measured physical activity levels for patients with AN 
and controls were not significantly different. In addition, the authors 
reported that the levels of the drive to exercise did not depend on the 
sample's BMI.

Another study aimed to examine the accuracy of self-reported 
physical activity (measured by the Exercise Participation Screening 
Questionnaire, EPS-Q and CET) compared to an objective measure by 
means of an accelerometer in adults with AN and a mean BMI of 16.4 
(SD: 1.2), and to investigate whether levels of accuracy/inaccuracy were 
associated with compulsive exercise, motivation to change, and psy
chological distress (Bezzina et al., 2019). The total discrepancy between 
daily physical activity recorded on accelerometers and self-report EPS-Q 
was significant (p < .001), indicating a general subjective 
under-assessment (and/or under-reporting) of overall physical activity. 
On the self-report measure, patients accurately reported their time spent 
in moderate and vigorous intensity physical activity; however, they 
significantly under-reported their light physical activity compared to the 
accelerometer data. Accurate reporting of total physical activity was 
positively associated with higher levels of compulsive exercise, with 
Spearman's correlations between total discrepancy and compulsive ex
ercise significant at r = 0.36, p = .04.

Overall, two studies employed both objective and subjective mea
sures, providing contrasting evidence regarding the congruence be
tween subjective and objective measurements of physical activity 
among individuals with AN (Bezzina et al., 2019; Keyes et al., 2015). 
Moreover, one study confirmed the persistence of the urge to be physi
cally active regardless of BMI (Keyes et al., 2015).

4. Discussion

4.1. The state urge to be physically active (SUPA) across illness severity 
levels in AN

Early clinical descriptions from the 1700s presented patients with AN 
as restless and physically active despite extreme underweight (Gull, 
1868; Laségue, 1873; Miller and Pumariega, 2001). Modern research 
confirms this phenomenon as a pervasive feature across illness stages 
(Gianini et al., 2016; Harris et al., 2024; Paslakis et al., 2017; Sternheim 
et al., 2015). In this systematic review we investigated the State Urge to 
be Physically Active (SUPA), defined as the transient, state-dependent 
urge to engage in activity, encompassing motor (e.g., restlessness, pac
ing), emotional (e.g., inner tension, anxiety), and cognitive (e.g., 
intrusive thoughts regarding activity) components, which are dependent 
upon and may fluctuate along with physiological or psychological states.

Across the reviewed literature, SUPA emerged as a feature regardless 
of the acuity of the disorder or BMI level. Studies employing objective 
activity measures such as accelerometers and wearable activity trackers 
revealed no significant relationship between BMI and physical activity 
levels, even during phases of weight restoration (Belak et al., 2017; 
Gianini et al., 2016; Hofmann et al., 2017; Holtkamp et al., 2003; 
Stengel et al., 2017). Likewise, self-assessments indicated that the urge 
to be physically active often persists independently of changes in weight, 
with individuals frequently reporting a psychological drive for activity 
that remains unchanged despite improvements in nutritional status or 
BMI (Casper et al., 2020; Halbeisen et al., 2024; Sternheim et al., 2015; 
Vansteelandt et al., 2007). Such findings suggest that SUPA may be more 
closely linked to affective and cognitive processes, such as distress 
intolerance, anxiety (dys-)regulation, or cognitive rigidity rather than to 
metabolic status alone (Harris et al., 2024; Paslakis et al., 2017; 
Sternheim et al., 2015) or dispositional compulsivity (Kolar et al., 2022). 
Evidence also points to the clinical relevance of this phenomenon. For 
instance, Gianini et al. (2016) demonstrated that high levels of physical 
activity during weight restoration were predictive of subsequent BMI 
decrease, underlining the potential of SUPA to undermine recovery. 
Additional findings by Carrera et al. (2012) suggest that environmental 
factors, such as seasonality, may influence activity patterns, with 
increased physical activity levels noted in colder months. Together, 
these findings suggest that SUPA may play a crucial role in hindering 
weight gain, should be proactively considered in clinical settings and 
evaluated as a key factor contributing to low weight maintenance in AN, 
alongside body-image related concerns and the fear of gaining weight 
(Maurel et al., 2024).

4.2. Neurometabolic mechanisms associated with SUPA in AN

Based on the lack of strong evidence of a relationship between BMI 
and SUPA, we propose to move beyond BMI in future studies. However, 
before doing so, we need to consider if this lack is not due to insufficient 
designs to capture such a relationship. Our results show that SUPA is not 
related to BMI cross-sectionally. In longitudinal designs, substantial and 
prolonged weight gain may be required to reduce SUPA; none of the 
longitudinal studies have addressed the possibility of a threshold, ac
cording to which a sufficiently high BMI (e.g. achievement of premorbid 
BMI) must be achieved to reduce SUPA. It may well be that the duration 
of previous longitudinal studies may have been too short and that weight 
gain was too low. Because starvation related effects are known to persist 
for a prolonged time despite weight gain (Hebebrand et al., 2022; Keys 
et al., 1950), it may be a very complex endeavour to accomplish both a 
long duration and high weight gain within a prospective longitudinal 
study.

In the following, we discuss both biological and psychological ex
planations for the apparent lack of relationship between BMI and SUPA. 
Before doing so, we also need to consider the possibility of SUPA being a 
heterogeneous phenotype. For example, some patients with a higher 
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premorbid BMI may intentionally lose weight by increasing their ac
tivity levels; SUPA in these patients may mechanistically differ from 
SUPA in a patient who developed AN after unintentional weight loss. 
Starting off with biologically-oriented explanations, we need to realize 
that the staging of AN based on BMI has no established validity in terms 
of any clinically relevant variable (Engelhardt et al., 2021). The fact that 
premorbid BMI is highly correlated with weight loss in kg (Hebebrand 
et al., 2024; Matthews et al., 2024), indicates that premorbid lean pa
tients may lose very little weight, whereas premorbid overweight pa
tients may lose a significant number of kg. Nevertheless, the admission 
BMI may then be higher in those patients who had premorbid over
weight. In light of the strong evidence linking hypoleptinemia to the 
development of hyperactivity in rodent models, it would represent a 
major advance if future studies systematically assessed leptin secretion 
in patients with SUPA. However, current evidence warrants strong 
considerations as to the appropriate study designs. The relationship 
between circulating leptin levels may be non-linear; Holtkamp et al. 
(2006) described an inverted U-shaped relationship. We need to also 
consider time lags; thus, an acute increment in circulating leptin may 
need to persist for a while for induction of post-receptor changes, which 
importantly include structural changes in thalamus, hippocampus and 
amygdala (Bahnsen et al., 2024; Wronski et al., 2023, 2024, 2025). A 
placebo-controlled clinical trial may more directly determine whether 
and to what extent human recombinant leptin (metreleptin) has an 
impact on activity levels (Antel et al., 2022; Milos et al., 2020). Obvi
ously, a search for other biomarkers is warranted too.

4.3. The clinical significance of SUPA in early illness and treatment 
response

Across the reviewed studies, SUPA emerged as a recurrent and 
transdiagnostic feature of AN. However, no differences were reported 
based on AN subtypes (restricting vs. binge-purging), and none of the 
included studies focused specifically on atypical AN. Rather than 
reflecting a distinct clinical phenotype, high SUPA levels appear to be 
pathognomonic of the disorder, regardless of BMI levels. Clinically, 
SUPA remains under-recognized and unaddressed, despite evidence 
linking it to reduced early weight gain (Halbeisen et al., 2024) and 
increased weight loss in retrospective accounts (Casper et al., 2020); 
these findings underscore its relevance as a potential prognostic marker 
during early treatment phases, in need of further research.

It appears important to assess the different facets of SUPA, e.g., 
cognitive preoccupations or emotional dysregulation, which may differ 
between patients. SUPA may function as a maladaptive emotion regu
lation strategy, as suggested by Harris et al. (2024), especially in in
dividuals with heightened interpersonal sensitivity (Kolar et al., 2022), 
and may intensify when other compensatory behaviours (e.g., 
self-induced vomiting or laxatives) are inaccessible during treatment. 
This highlights the importance of monitoring SUPA as a dynamic and 
clinically highly relevant symptom.

4.4. How to assess SUPA: implications for research and clinical practice

The adequate assessment of SUPA is associated with important 
methodological challenges. Existing psychometric tools commonly used 
to assess problematic physical activity in eating disorders, such as the 
CET and CES measures, were primarily developed to capture compul
sive, dependence-like, or trait-related dimensions of exercise behaviour. 
As such, they may insufficiently distinguish stable dispositional 
compulsivity from acute, state-dependent urges to be physically active, 
including motivational, affective, cognitive, and motor-restlessness 
components. This represents an important limitation in the current 
literature and was one of the reasons motivating the conceptual devel
opment of SUPA as a distinct, state-oriented construct. Notably, in their 
literature synthesis, Harris et al. (2020) found that mood improvement, 
rather than weight control and exercise rigidity, was the strongest 

predictor of exercise frequency, thus emphasizing the state affective 
dimension of SUPA. Subjective assessments, such as self-report ques
tionnaires (e.g., the SUPA-Q), may therefore offer more nuanced insights 
into internal urges, alongside objective tools able to quantify behav
ioural manifestations. This double approach appears to be essential to 
fully capture the complexity of the SUPA manifestation in AN. Addi
tionally, biological factors such as leptin and other appetite-regulating 
hormones may contribute to the emergence and persistence of SUPA, 
although their precise involvement remains unclear and warrants 
further investigation. Combining psychological, objective-behavioural, 
and biological data may help to better reveal underlying patho
mechanisms and inform targeted interventions. Moreover, the integra
tion of innovative technologies, such as virtual reality, into specialised 
treatment protocols may offer new opportunities for addressing SUPA in 
patients with AN (Boltri et al., 2025; Halbeisen et al., 2025; Paslakis 
et al., 2017). The clinical application of such tools should be consid
ered as part of an integrated therapeutic approach, providing patients 
with alternatives to manage the pathological urge to be physically 
active.

4.5. Limitations and future directions

This systematic review explores the characteristics and clinical as
sociations of SUPA in AN, but several limitations related to both the 
review methodology and the available literature need to be considered. 
Due to the exploratory nature of the field, characterised by heteroge
neous terminology, varying conceptualisations and diverse assessment 
methods, the present review partially overlaps with scoping reviews, 
particularly regarding conceptual clarification and identification of 
research gaps. Nevertheless, the present study was designed and con
ducted as a systematic review, following PRISMA guidelines and 
employing predefined eligibility criteria, systematic literature searches, 
independent screening procedures, formal methodological quality 
assessment, and a structured synthesis of empirical findings. One key 
issue concerns the classification of AN severity across included studies, 
typically based on BMI, with high variability and large standard de
viations. Moreover, varying terminologies describing intentional weight 
loss/starvation syndrome vs. broader weight loss conditions hinder 
comparability. For instance, some studies (Holtkamp et al., 2003; 
Sternheim et al., 2015) used “food restriction” to describe intentional 
weight loss in AN, while others (i.e., Casper et al., 2020) employed 
“weight loss” more broadly, including non-dietary causes such as med
ical conditions. Thus, a unified framework for defining and categorizing 
weight-related phenomena in AN is needed. Similarly, future studies 
should adopt standardized operational definitions to clarify the 
distinction between SUPA-associated constructs, as well as their impact 
on metabolic and psychological outcomes. Methodologically, most 
studies rely on small, predominantly female adolescent samples, which 
restricts the generalizability of findings to males and adults. The scarcity 
of standardized tools that specifically assess SUPA also challenges the 
validity of current findings. To our knowledge, the SUPA-Q represents a 
pioneering tool to measure the urge to move, but its validation remains 
limited to contexts like Germany (Amin et al., 2023 ). Future research 
should prioritize developing validated, universally applicable in
struments. Additionally, perceptual distortions may complicate the 
assessment of SUPA, as studies combining subjective and objective data 
(Bezzina et al., 2019; Keyes et al., 2015) show that patients tend to 
underestimate light activity, particularly when compulsive tendencies 
are high. This highlights the need for multi-modal assessment ap
proaches integrating self-report and objective data. A coordinated effort 
toward consistent research protocols and a shared lexicon is essential for 
advancing SUPA understanding and guiding more effective 
interventions.
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5. Conclusion

Literature suggests that the SUPA may be a core feature of AN, 
persisting across all BMI severity levels and weight restoration status. 
Routine clinical practice should systematically assess and monitor 
SUPA, while research should clarify its role in hindering weight gain or 
sustaining low weight, as well as evaluate targeted treatments, such as 
hormonal therapies and VR-based exposure. Validated tools and stan
dardized definitions are crucial to enhance interventions.
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Wronski, M.L., Gronow, F., Schlömer, J., Bernardoni, F., Geisler, D., Doose, A., Arold, D., 
Schwanke, N., Ludwicki, F., Roessner, V., King, J.A., Ehrlich, S., 2025. Structural 
alterations of thalamic nuclei and their associations with leptin levels in patients 
with anorexia nervosa. Prog. Neuro Psychopharmacol. Biol. Psychiatr. 136. https:// 
doi.org/10.1016/J.PNPBP.2025.111248.

Wronski, M.L., Hohnemann, C., Bernardoni, F., Bahnsen, K., Doose, A., Arold, D., 
Borucki, K., Holsen, L.M., Lawson, E.A., Plessow, F., Weidner, K., Roessner, V., 
Diestel, S., King, J.A., Seidel, M., Ehrlich, S., 2023. Explicating the role of amygdala 
substructure alterations in the link between hypoleptinemia and rumination in 
anorexia nervosa. Acta Psychiatr. Scand. 148 (4), 368–381. https://doi.org/ 
10.1111/ACPS.13607.

Young, S., Touyz, S., Meyer, C., Arcelus, J., Rhodes, P., Madden, S., Pike, K., Attia, E., 
Crosby, R.D., Wales, J., Hay, P., 2017. Validity of exercise measures in adults with 
anorexia nervosa: The EDE, compulsive exercise test and other self-report scales. Int. 
J. Eat. Disord. 50 (5), 533–541. https://dx.doi.org/10.1002/eat.22633.

M. Boltri et al.                                                                                                                                                                                                                                   Journal of Psychiatric Research 201 (2026) 149–162 

162 

https://doi.org/10.3389/FPSYG.2019.00769
https://doi.org/10.1002/EAT.24189
https://doi.org/10.1016/J.APPET.2016.09.032
https://doi.org/10.1016/J.APPET.2016.09.032
https://doi.org/10.1016/J.BIOPSYCH.2005.11.001
https://doi.org/10.1016/J.BIOPSYCH.2005.11.001
https://doi.org/10.1210/JC.2003-030569
https://doi.org/10.1210/JC.2003-030569
https://doi.org/10.1002/eat.22354
https://doi.org/10.1002/eat.22354
https://doi.org/10.5749/J.CTV9B2TQV
https://doi.org/10.5749/J.CTV9B2TQV
https://doi.org/10.1038/170177a0
https://doi.org/10.1016/j.jad.2022.03.044
https://doi.org/10.1002/J.1550-8528.1997.TB00676.X
https://doi.org/10.1002/J.1550-8528.1997.TB00676.X
https://doi.org/10.3390/JCM7090289
https://doi.org/10.1002/EAT.24188
https://doi.org/10.1007/S40519-024-01649-5
https://doi.org/10.1521/PSYC.64.2.93.18621
https://doi.org/10.1521/PSYC.64.2.93.18621
https://doi.org/10.1038/S41398-020-00977-1
https://doi.org/10.1038/S41398-020-00977-1
https://doi.org/10.1016/J.CPPEDS.2017.02.003
https://doi.org/10.1016/J.CPPEDS.2017.02.003
https://doi.org/10.12968/HMED.2020.0099
https://doi.org/10.1371/JOURNAL.PMED.1003583
https://doi.org/10.1371/JOURNAL.PMED.1003583
https://doi.org/10.1093/SLEEP/30.10.1362
https://doi.org/10.1002/EAT.22768
https://doi.org/10.1371/JOURNAL.PONE.0050453
https://doi.org/10.3390/nu12010183
https://doi.org/10.1186/S40337-018-0202-6
https://doi.org/10.1186/S40337-018-0202-6
https://doi.org/10.3390/NU9111210
https://dx.doi.org/10.1002/eat.22272
https://dx.doi.org/10.1002/eat.22272
https://doi.org/10.3389/fpsyg.2022.901272
https://doi.org/10.3389/Fpsyg.2021.568286
https://doi.org/10.1002/ERV.1108
https://doi.org/10.1016/j.brat.2006.12.005
http://refhub.elsevier.com/S0022-3956(26)00329-8/sref60
http://refhub.elsevier.com/S0022-3956(26)00329-8/sref60
http://refhub.elsevier.com/S0022-3956(26)00329-8/sref61
http://refhub.elsevier.com/S0022-3956(26)00329-8/sref61
http://refhub.elsevier.com/S0022-3956(26)00329-8/sref61
https://doi.org/10.1016/j.jaac.2023.08.015
https://doi.org/10.1016/J.PNPBP.2025.111248
https://doi.org/10.1016/J.PNPBP.2025.111248
https://doi.org/10.1111/ACPS.13607
https://doi.org/10.1111/ACPS.13607
https://dx.doi.org/10.1002/eat.22633

	The state urge to be physically active in anorexia nervosa: a systematic review of mechanisms and clinical implications
	1 Introduction
	2 Methods
	2.1 Search strategy
	2.2 Study selection

	3 Results
	3.1 Studies reporting objective measures of the SUPA
	3.2 Studies reporting subjective measures of the SUPA
	3.3 Studies reporting double measures of the SUPA

	4 Discussion
	4.1 The state urge to be physically active (SUPA) across illness severity levels in AN
	4.2 Neurometabolic mechanisms associated with SUPA in AN
	4.3 The clinical significance of SUPA in early illness and treatment response
	4.4 How to assess SUPA: implications for research and clinical practice
	4.5 Limitations and future directions

	5 Conclusion
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


