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Abstract

Background Eating disorders (EDs) are serious, often chronic, conditions associated with pronounced morbidity,
mortality, and dysfunction increasingly affecting young people worldwide. lliness progression, stages and recovery
trajectories of EDs are still poorly characterised. The STORY study dynamically and longitudinally assesses young
people with different EDs (restricting; bingeing/bulimic presentations) and illness durations (earlier; later stages)
compared to healthy controls. Remote measurement technology (RMT) with active and passive sensing is used

to advance understanding of the heterogeneity of earlier and more progressed clinical presentations and predictors
of recovery or relapse.
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Methods STORY follows 720 young people aged 16-25 with EDs and 120 healthy controls for 12 months. Online
self-report questionnaires regularly assess ED symptoms, psychiatric comorbidities, quality of life, and socioeconomic
environment. Additional ongoing monitoring using multi-parametric RMT via smartphones and wearable smart rings
(‘Oura ring’) unobtrusively measures individuals' daily behaviour and physiology (e.g., Bluetooth connections, sleep,
autonomic arousal). A subgroup of participants completes additional in-person cognitive and neuroimaging assess-
ments at study-baseline and after 12 months.

Discussion By leveraging these large-scale longitudinal data from participants across ED diagnoses and illness dura-
tions, the STORY study seeks to elucidate potential biopsychosocial predictors of outcome, their interplay with devel-
opmental and socioemotional changes, and barriers and facilitators of recovery. STORY holds the promise of providing
actionable findings that can be translated into clinical practice by informing the development of both early interven-

monitoring, Prospective study, Observational cohort

tion and personalised treatment that is tailored to illness stage and individual circumstances, ultimately disrupting
the long-term burden of EDs on individuals and their families.

Keywords Eating disorders, Recovery, Progression, Clinical staging, Remote measurement technology, Longitudinal

Background

Eating disorders (EDs) are serious mental health condi-
tions characterised by disturbances in eating behaviours,
thoughts, and emotions, with significant physical and
psychological consequences [1, 2]. Affecting about one in
every six young females and one in 20 males, they pose
a growing global public health concern, comparable to
anxiety and depression [3, 4]. However, EDs have histori-
cally received little attention in research, leaving signifi-
cant gaps in understanding their progression, variations
in illness durations, and optimal treatment selection.

The peak onset of EDs occurs during the transitional
period from adolescence to young adulthood, impacting
socio-emotional, cognitive, and educational development
[5]. This vulnerability is compounded by evidence sug-
gesting that EDs are progressive disorders, where longer
untreated illness duration is associated with poorer treat-
ment outcomes [6, 7], greater symptom interconnectivity
[8, 9], and neurobiological and behavioural changes that
drive progression [10], altogether underscoring the criti-
cal importance of early intervention in ED management
[11, 12].

Clinical staging models, that define the illness pheno-
types along developmental lines with escalating symptom
severity, offer a promising framework for understanding
and intervening in the progressive nature of EDs [13, 14].
This contrasts with traditional approaches that view con-
ditions as static and typically derive diagnostic criteria
from advanced presentations, impeding early detection
of the conditions in their nascent form. Establishing the
underlying biopsychosocial processes at each stage that
maintain illness, enhance progression or support recov-
ery may inform stage-specific treatment to prevent fur-
ther progression. These models, successfully adopted in
psychiatry, including psychosis [15], are of current inter-
est in EDs [16]. A proposed 4-stage model for Anorexia

Nervosa (AN) ranges from an at-risk phase with attenu-
ated symptoms to a chronic phase with severe, enduring
symptoms [17]. However, variability remains in defining
ED stages in terms of duration, symptom profiles, and
treatment with much research solely focusing on AN.

The implication of staging models for prevention and
early intervention proposes the possibility of symptom
recovery at each stage, yet EDs exhibit low sustained
recovery rates with only half achieving full remission
with best available treatments [18]. This complexity is
exacerbated by inconsistent conceptualisations of ED
recovery that are predominantly biomedical (e.g., weight
restoration, absence of ED behaviours), neglecting psy-
chosocial dimensions and ED cognitions (e.g., subjec-
tive well-being, freedom from weight concerns) [19,
20]. Relapse risks persist until these underlying factors
improve [21, 22]. Patients often describe their recovery as
a protracted process with multiple ‘ups and downs’ that
may take years to stabilise [23]. This intermediate state of
partial improvement without regaining pre-illness health
and functioning highlights the need for a more nuanced
definition of ED recovery, using physical, behavioural,
and psychological indices, and delineating partially and
fully recovered groups.

Remote measurement technology (RMT) provides an
unobtrusive, cost-efficient means to capture individuals’
daily behaviours and physiology using digital devices,
gaining wider application in research across conditions
[24, 25]. Active RMT enables delivery of smartphone-
based assessments for detecting momentary changes.
For instance, speech characteristics (incl. pitch, pauses,
speaking rate) collected through smartphone micro-
phones in app-based tasks can serve as scalable digital
biomarkers of health outcomes, including depression
severity, by providing information on cognitive, neuro-
muscular, and physiological aspects [26]. Passive RMT
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continuously gathers background data via smartphone
and wearable sensors (e.g., location, heart rate, activity,
screentime). The sensor data indicate behavioural mark-
ers relevant to clinical states (e.g., circadian rhythm,
autonomic arousal, sociability). This range of domains
measured by RMT reflects the proposed multidimen-
sional nature of ED recovery, promising to elucidate
the recovery process and outcome predictors. Research
applying RMT to EDs is significantly lacking [27].

Through combining a traditional prospective cohort
design with continuous remote monitoring, the STORY
study (Illness Stages, Progression, and Recovery Trajec-
tories of Eating Disorders in Young People) gathers com-
prehensive data from a large, deeply and dynamically
phenotyped cohort of young people with a range of ED
presentations. It will inform conceptual models of illness
stages, progression, and recovery across illness durations,
diagnoses, and age groups. STORY is part of the UKRI'-
funded ‘EDIFY’ consortium which unites a UK-wide,
multi-disciplinary team of investigators with the shared
aim of improving prevention and early intervention for
young people with EDs [28].

Study objectives

The primary aim of the STORY study is twofold. The first
(objectives 1-3) is to identify how biopsychosocial and
neurocognitive symptom profiles differ between earlier
and more progressed stages of EDs and which variables
maintain illness, enhance progression or support recov-
ery. The second (objectives 4—6) is to explore recovery
processes and the factors that influence them by obtain-
ing real-world data from participants’ daily lives.

+ Objective 1: To use a multi-modal assessment proto-
col to cross-sectionally and longitudinally compare
young people with earlier and later illness stages in
terms of their biopsychosocial profiles and how these
change over time within and across ED diagnostic
groups.

+ Objective 2: To identify baseline biopsychosocial pre-
dictors of outcome at 6 and 12 months within and
across ED diagnostic and illness duration groups.

+ Objective 3: To use cognitive tasks with illness-rel-
evant stimuli to compare young people with earlier
and later-stage illnesses in terms of their cognitive
profiles over time within and across ED diagnostic
and illness duration groups.

+ Objective 4: To use biological and psychological
RMT measures to compare young people presenting
with an earlier-stage ED with healthy young people.

1 UK Research and Innovation (UKRI) is a national funding agency invest-
ing in science and research in the UK.
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+ Objective 5: To assess differences in recovery trajec-
tories within and across ED groups.

+ Objective 6: To identify early RMT predictors of ED
recovery or lack of recovery at 12 months.

Methods

Study design

STORY is a multi-centre prospective cohort study, using
ongoing remote monitoring for one year. Data will be
collected via self-report online assessments at baseline,
6 and 12 months, via smartphones and wearable devices
throughout the study period, and via neurocognitive
measures completed in person by a subset of partici-
pants at baseline and 12 months. A further follow-up at
24 months is planned, recognising that ED recovery can
continue over several years. These assessments are dis-
tinct from the main STORY study and not detailed in this
protocol.

Study sample

The total sample size target is 840 young people aged
16-25 years, capturing the critical period where EDs
commonly manifest and progress while ensuring cog-
nitive maturity to provide consent and complete study
measures. Participants are divided into three groups
based on symptom profiles and illness duration at
baseline:

P 480 young people with an earlier-stage ED (illness
duration <3 years);

P 240 young people with a later-stage ED (illness
duration > 3 years);

P 120 healthy controls (HCs).

The 3-year cut-off reflects more responsive treatment
patterns in first-episode EDs of fewer than three years
[29]. Symptom profiles distinguish between restricting-
type presentations that involve severe limitations in food
intake (e.g., Anorexia Nervosa [AN], Avoidant restrictive
food intake disorder [ARFID]), and bingeing/bulimic-
type presentations that involve episodes of binge eating,
sometimes followed by compensatory actions, like purg-
ing or excessive exercise (e.g., Bulimia Nervosa [BN],
Binge Eating Disorder [BED]). Individuals with atypical
and subthreshold ED presentations (i.e., those exhibiting
clinically significant symptoms without meeting full diag-
nostic criteria) are included to capture a comprehensive
spectrum of ED symptomatology [30]. HCs have no cur-
rent or past ED or other major mental disorders.

For the earlier-stage ED group, an estimated 100 recov-
eries within each of the two diagnostic groups are needed
to test the predictive validity of RMTs, if 10 variables are
to be entered into the predictive model [31]. Assuming



Kuehne et al. BMIC Psychiatry (2024) 24:409

Table 1 Eligibility criteria for participation in STORY
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Inclusion criteria

Exclusion criteria

General inclusion criteria

Aged 16-25

Able to give informed consent for participation

Willing and able to complete assessments via computer or smartphone

Willing to use an Android smartphone as their only smartphone for the dura-

tion of the study
ED groups inclusion criteria

Major physical illness which impacts participants’ability to participate
in the study

Insufficient knowledge of English to complete study assessments
Severe learning disabilities

Residing outside the UK

Pregnancy

Meet DSM-5 diagnostic criteria for ED diagnosis (incl. AN, BN, BED, ARFID) or any

other related eating or feeding disorder

HC group inclusion criteria

BMI> 18.5kg/m?

No current or past DSM-5 ED diagnosis

No current or past major mental disorder (e.g., psychosis)

DSM-5The diagnostic and statistical manual of mental disorders, fifth edition, BMI Body mass index

a recovery rate of 50% at 12 months [18] and accounting
for a 20% dropout rate, 480 participants are required to
detect a medium-sized effect with 80% power (f=0.15,
a=0.05; G*Power 3.1), aiming for an equal distribution of
the two diagnostic groups.

The sample size for the later-stage ED group considers
the total group for the comparisons between longer and
shorter illness durations and varies between outcomes
due to selective participation in some measures (e.g.,
neuroimaging). A sample of 480 provides 90% power to
detect a small within-between group interaction effect
(f=0.08, @ =0.05), with two groups assessed twice (base-
line, 12-months). Therefore, 240 participants with later-
stage EDs will be recruited. A subsample of 100 for the
additional in-person assessments, provides 95% power
for small-medium interaction effects (f=0.18, a=0.05)
with the two illness duration groups assessed at two time
points.

A sample of 120 HCs represents 25% of the condition
group for comparison analyses between control, ED and
illness progression subgroups. The eligibility criteria are
summarised in Table 1.

Study procedures

Recruitment

ED participants are recruited from an established net-
work of 50+ FREED early intervention services” and spe-
cialist child, adolescent and adult ED services across the
UK. Clinicians conduct a preliminary assessment of the
inclusion criteria and provide study materials to potential
participants to review. Participants are also identified via
primary care services, waiting lists of ED services, third-
sector organisations (e.g., ED charities), schools and
universities, relevant websites, social media, posters in
public places, and existing research cohorts (e.g., ESTRA,

2 First Episode Rapid Early Intervention for Eating Disorders (FREED).

GLAD and EDGI cohorts [32—-34]). This wide recruit-
ment strategy is hoped to allow for greater diversity in
our sample than typically found in the research base, to
ensure representation of various demographic groups,
including those who do not commonly present to ED ser-
vices (e.g., males, minoritised ethnic groups, those from
the LGBTQ + community, those with higher body weight,
those from rural locations) [35].

Screening

Interested individuals scan a QR code on recruitment
materials linking to the online screening questionnaire
to assess eligibility and inform group allocation (incl.
sociodemographics, medical and ED history). Symptoms
consistent with a current full or subthreshold diagnosis of
an ED, as well as lack thereof for HCs, are confirmed via
the Eating Disorder Diagnostic Scale (EDDS) [36]. ED ill-
ness duration is determined using adapted questions from
the comprehensive onset interview used in FREED early
intervention services [29]. Eligible participants are con-
tacted by the research team and directed to an electronic
consent form, where they can opt into optional study
components. Researchers will follow up with partici-
pants where necessary, for instance, to confirm diagnoses,
comorbidities or willingness to use the study devices.

Study assessments

Following consent, participants self-complete the online
baseline assessments via Research Electronic Data Cap-
ture software (REDCap), a web application for managing
online surveys [37]. These assessments are repeated at 6
and 12 months (see 2.4.1 for measures). REDCap sends
automatic survey invitations and reminders to partici-
pants for the duration of the study.

At baseline, participants are sent an Android study
smartphone (where not already owned) and Oura smart
ring (where consented) and attend an enrolment ses-
sion online or in-person (subject to preference) with a
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researcher for assisted setup of the devices. The remote
monitoring starts following the setup of the devices
and lasts for 12 months (see 2.4.2 for active and passive
measures).

Additional optional in-person cognitive testing and
neuroimaging assessments are completed at baseline
and 12 months. Optional qualitative interviews are con-
ducted at 6 and 12 months. See Table 2 for the complete
schedule of observations and Fig. 1 for participant flow
through the study.

Remuneration

Participants receive a total of £50 for completing the
online assessments (£20 at baseline, £15 for each follow-
up), and £25 for completing the app-based assessments
at the end of the data collection period. While the Oura
rings are to be returned by participants after the data col-
lection periods, the study smartphone can be kept. In-
person cognitive testing and neuroimaging assessments
are reimbursed with £25 per assessment visit (adding up
to an additional £100), plus travel costs. All monetary
reimbursements are made via bank transfer.

Ethical approval and consent to participate
STORY is conducted according to the Declaration of Hel-
sinki and Good Clinical Practice, adhering to principles
outlined in the NHS Research Governance Framework
for Health and Social Care. Ethical approval was obtained
in October 2023 from the London-Bloomsbury Research
Ethics Committee (REC reference: 23/PR/0927). All staff
working on the study have received training in study con-
duct, informed consent and risk assessment. All data is
pseudonymised and stored securely in a research data-
base per the General Data Protection Regulation.
Emphasis is placed on informed decision-making
regarding participation and signed informed consent is
obtained from all participants. Participants’ relationships
with care teams are not impacted by participation or
withdrawal from the study. If necessary, participants are
signposted to third-sector organisations for additional
support or encouraged to seek help in the NHS for clini-
cal management.

Outcome measures

Core outcome measures are grouped into online assess-
ments measuring psychological, social, and functional
outcomes at baseline, 6 and 12 months (see 2.4.1), and
continuous active and passive RMT measures over the
study period (see 2.4.2). Additional outcome measures
include in-person cognitive and neuroimaging assess-
ments at baseline and 12 months (see 2.4.3), and qualita-
tive interviews at 6 and 12 months (see 2.4.4).
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Online questionnaires

The primary outcome is the Eating Disorder Examination
Questionnaire (EDE-Q) [38] global score at 12 months
which provides data informative to the dual study aims
of STORY investigating illness progression (higher
scores indicating greater severity) and recovery (global
score < 2.8; additional criterion of BMI>18.5 l(g/m2 for
AN [39]).

Secondary outcomes are:

P ED-related attitudes and behaviours (Eating Dis-
order Scale, ED-15 [40]; six questions from the Avon
Longitudinal Study of Parents and Children [41]).

P Motivation and readiness to change eating difficul-
ties (two visual analogue scales; VAS).

P Muscularity-related attitudes (muscularity-ori-
ented body image subscale of the Drive for Muscu-
larity Scale, DMS [42]).

P Mood states and emotions (Profile of Mood States,
POMS [43]; Positive and Negative Affect Scale,
PANAS [44]).

P Depression symptoms (Patient Health Question-
naire; PHQ-8 [45]).

P Anxiety symptoms (Generalized Anxiety Disorder
Questionnaire, GAD-7 [46]).

P Obsessive—compulsive symptoms (Obsessive
Compulsive Inventory-Child Version, OCI-CV [47].
P Autistic traits (Autism Spectrum Quotient,
AQ-10 [48]) at baseline only.

P Symptomatic and functional impairment (Psy-
chological Outcome Profiles, PSYCHLOPS [49];
Work and Social Adjustment Scale—Youth-Version,
WSAS-Y [50]).

P Emotion regulation difficulties (Difficulties in
Emotion Regulation Scale, DERS-16 [51]).

P Loneliness (UCLA Loneliness Scale — Short
form, UCLA-4 [52]).

P Addiction-reinforcing risk personality traits,
e.g., impulsivity (Substance Use Risk Profile Scale,
SURPS [53]) at baseline only.

P Mobile phone and social media use (13 ques-
tions from the Study of Cognition, Adolescents and
Mobile Phones study [54], Motivations for Social
Media Use Scale, MSMU [55]).

P Alcohol use (Alcohol Use Disorders Identification
Test; AUDIT [56]) and smoking (two questions from
Perman-Howe and colleagues [57]).

Remote data collection

Remote monitoring consists of active and passive com-
ponents, following procedures established in previ-
ous research programmes [58, 59]. The open-source
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Table 2 Schedule of events for STORY

Month -1 0 1 2 3 4 5 6 7 8 9 10 1 12

Pre-study procedures

Informed consent (R) X

Study enrolment session (V/1) X
Screening assessments

Socio-demographics (R) X X X
Medical history (R) X
ED history (R) X
ED diagnosis, EDDS (R) X
Medication and treatment (R) X X X
Remote data collection
Smartphone sensors (pPRMT) Continuous (month 1-12)
Wearable sensors, Oura ring® Continuous (month 1-12)
ED symptoms, ED-15 (aRMT) X XX XX XX XX XX XX XX XX XX XX XX XX
Motivation to change, VAS (@aRMT) X XX XX XX XX XX XX XX XX XX XX XX X
Depression, PHQ-8 (aRMT) X XX XX XX XX XX XX XX XX XX XX XX XX
Anxiety, GAD-7 (aRMT) X XX XX XX XX XX XX XX XX XX XX XX XX
Speech (@aRMT) X X X X X X X X X X X X X
Weight (aRMT) X X X X X X X X X X X X X
ESM assessment® (aRMT) X X X X
Outcome assessments
ED symptoms, EDE-Q (R) X X X X
Weight and appearance (R) X
Muscularity attitudes, DMS (R) X X X
Psychological distress, PSYCHLOPS (R) X X X
Mood profiles, POMS (R) X X X
Affect, PANAS (R) X X X
OCD symptoms, OCI-CV (R) X X X
ASD traits, AQ-10 (R) X
Quality of life, WSAS-Y (R) X X X
Loneliness, UCLA-4 (R) X X X
Emotion regulation, DERS-16 (R) X X X
Personality, SURPS (R) X
Mobile phone use (R) X X X
Social media use, MSMU (R) X X X
Alcohol use, AUDIT (R) X X X
Smoking (R) X X X
Process evaluation
Qualitative interview? (V) X X
Additional neurocognitive outcomes®
Attention to food stimuli (1) X X
Food choices (1) X X
Social attention (1) X X
Visual attention shifting (1) X X
Emotion matching () X X
Reward behaviour, PIT (1) X X
Inhibitory control, G/NG-T (1) X X
Resting state, ARSQ (MRI, ASL) X X
Reward-based learning, MID (MRI) X X
Impulse control, SST (MRI) X X
Brain states, movie-watching (MRI) X X

(R) REDCap web-based survey platform, (V) virtual via Microsoft Teams, (I) in-person, (PRMT) passive remote measurement app, (aARMT) active remote measurement
app, XX delivered twice per month (every 2 weeks)

2 optional; only completed by a subgroup of participants

b ESM Experience sampling methodology; conducted every 12 weeks for 6 consecutive days, 6 times per day, (MRI) Task completed in scanner
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Participants contacted
by the research team
(n=) Not contactable (n = )

Not assessed for eligibilty (n = )

Declined (n =
Technology-related (n =)
* Unwilling to use smartphone (n =)

Participant-initiated
contact with the
research team
(n=)

®..
Health-related (n =)

Lifestyle-related (n =)

.
Other (n =)
i 4 ...

Assessed for
eligibility
(n=x)

Excluded (n= )

Ineligible (n =
Aged <16 0or>25(n=)
Residing outside UK (n =)
Ineligible physical comorbidity (n =)
.

A4

Total recruited

(n=)

Ineligible psycho/ogn‘:‘él comorbidity (n =)

Eligible but declined (n =)
Reasons not given (n =)
. (n=)

Loss to follow-up (n = )

3months (n=)
[reasons]

6 months (n=)
[reasons]
9months (n=)

v [reasons]
12 months (n =)
[reasons]

Total completed
(n=r)

L

Total included in
analysis
(n=)

Fig. 1 Participant flowchart

RADAR-base platform used to support the RMT data
collection is described elsewhere [60].

Active RMT (aRMT) app Participants install a purpose-
built app that is part of the RADAR-base and was suc-
cessfully applied in multiple projects. The app notifies
participants to complete assessments according to the
study schedule:

» ED symptoms and motivation to change eating dif-
ficulties every two weeks (ED-15 [40]; two VAS). Par-
ticipants are invited to enter their weight monthly.

» Anxiety and depressive symptoms every two
weeks (GAD-7 [46]; PHQ-8 [45]).

P Short speech tasks once a month, as used in previ-
ous studies [26]. A first scripted speech task asks par-
ticipants to record themselves reading aloud excerpts
from Aesop’s fable “The North Wind and The Sun”
[61], which is reasonably phonetically balanced while
relatively short, taking less than a minute to read
aloud [62]. A second, free-response task asks par-
ticipants to briefly speak about something they have
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coming up in the next week and how they feel about
it (Appendix A). Participants can rerecord their
response up to five times, if they are interrupted, or
skip the task. The data is recorded, encrypted and
uploaded to a secure server, then processed to extract
linguistic and paralinguistic features (acoustic, pro-
sodic, e.g., pitch, speaking rate, intensity) for analysis
using similar pipelines to Cummins et al. and Zhang
et al. [26, 63].

P Every 12 weeks, participants are prompted to com-
plete brief in-the-moment assessments known as
experience sampling method (ESM). ESM assesses
mood changes, social interactions, and physical states
in daily life. The schedule is initiated at six semi-ran-
dom times per day within 90-min blocks between
08.30 and 22.00 for six consecutive days. Each ESM
assessment consists of approximately 28 items and
takes less than two minutes to complete (Appendix
B). This intensity of assessment has demonstrated
good acceptability in other clinical populations [64].

Passive RMT (pRMT) app Participants install a second
purpose-built pRMT app that is part of the RADAR base.
This runs in the background and collects ongoing data
via smartphone sensors, to test potential digital mark-
ers of change in ED symptoms and impairments. These
include relative location data,® ambient light and noise,
weather conditions, sociability (e.g., via Bluetooth prox-
imity data, length and duration of calls, keystrokes, num-
ber of text messages and emails), app use, and battery life.
The pRMT app requires the Android operating system;
participants who own non-compatible phones will be
provided with Android smartphones.

Wearables sensors Participants are invited to wear an
‘Oura’ ring for the duration of the study (12 months),
which collects ongoing data on sleep, autonomic arousal
and physical activity, including heart rate, heart rate
variability, step count, electrodermal activity, sleep effi-
ciency, latency and fragmentation, skin temperature and
oxygen saturation (SpO,). To access the Oura app, par-
ticipants enter deidentified login credentials generated by
the research team. The Qura app interface will not dis-
play any measured health data apart from the ring’s bat-
tery life and synch status. The pseudonymised data col-
lected by the ring is synchronised with a smartphone app
via Bluetooth, transmitted to Oura Servers via WiFi, and
then pulled to secure sFTP storage located in King’s Col-
lege London.

3 GPS location data is obfuscated; that is, providing relative location data,
not absolute coordinates, preventing identification of an individual’s home
address or precise geographical location.
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The Oura ring was selected due to the range of meas-
urements available, improved accuracy in sleep tracking,
competitive pricing, and ability to be safely implemented
in an ED population (see 2.7). The Oura ring has been
shown to provide valid physical measurements compa-
rable to gold-standard methods (e.g., polysomnography)
in adult and adolescent populations [65, 66]. The mini-
mal, aesthetically appealing design is aimed to minimise
stigma and burden for the user.

Cognitive tasks and neuroimaging

Reward behaviour, inhibitory control and food-related
decision-making are assessed via three cognitive tasks
completed in person with a researcher present. These are
a face-affective go/no-go task [67], a Pavlovian to Instru-
mental Transfer task [68], and a food choice task, where
participants rate 42 food images for perceived healthi-
ness and tastiness compared to a self-chosen ‘neutral’
reference item [69]. Additionally, participants complete
the following five tasks utilising eye-tracking technology
(Tobii TX300 eye tracker):

P Visual probe task [70]: Participants view high or
low-calorie food items alongside resembling non-
food objects, followed by a probe presented ran-
domly over one stimulus which participants must
respond to with a keypress. Response latency, time
to first fixation and fixation duration are collected to
assess attentional biases toward food cues.

» Two naturalistic scenes: Participants view a 124-s
clip from the 1995-film “Welcome to the Doll-
house’ depicting a social situation of a young female
attempting to find a table in a school cafeteria [71],
followed by a 40-s clip of people being interviewed
in the street [72]. During both videos, eye-tracking
data will be collected to measure social attention and
comprehension.

P Films Expressions Task [73]: Participants match
a descriptive emotional verb (e.g., “shocked”) to a
corresponding face image out of three, each being
displayed for 500ms. Reaction times, accuracy and
eye-movement data provide insight into participants’
emotion recognition abilities.

» Gap-Overlap task [74]: Participants view a cen-
trally presented stimulus and then shift their atten-
tion to a peripheral stimulus presented randomly to
either side. This task assesses the speed and accuracy
of shifts of low-level overt attention. Attentional dis-
engagement is manipulated via the timing and order-
ing of stimulus presentation, relative to a baseline
condition.
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Neuroimaging assessments include task-negative func-
tional Magnetic Resonance Imaging (fMRI) and arterial
spin labelling (ASL) to measure regional interactions in
a resting state. The Amsterdam Resting-State Question-
naire (ARSQ) [75] is administered prior to the scan to
measure cognuitive state and thought wandering. Resting
state scans also provide control images for the following
tasks:

P Monetary Incentive Delay task [76]: Participants
respond to visual stimuli to either win or avoid losing
money, capturing neural substrates of different pro-
cessing stages of reward-based learning and motiva-
tion control in the context of temporal discounting.

P Stop signal task [77]: Participants have to respond
or withhold their response to a visual stimulus. The
task yields an estimate of the participant’s reactive
response inhibition serving as a proxy for impulse
control.

P Movie-watching [78]: Participants watch a short
clip from the movie ‘Despicable Me’ while in the
scanner. This allows to measure natural and real
Sfunctional brain states in response to continuous and
immersive sensory stimulation that may not other-
wise be detectable in traditional task-based designs.

Qualitative interviews

Participants are invited to online interviews at 6 and 12
months to investigate personal accounts of ED recovery.
This information will complement quantitative data by
offering a contextual understanding of individuals’ lived
experiences and psychosocial dimensions of recovery
(e.g., coping strategies). The interviews additionally serve
as a process evaluation, exploring participants’ experi-
ences within the study and RMT specifically. Under-
standing potential challenges and comfort levels with the
study apps and devices will help refine and optimise their
integration into future studies.

Adverse events and study withdrawal

Due to STORY’s observational nature, it is not antici-
pated that participation increases significant risks of
harm to participants. There may be several reasons for
withdrawal from the study:

1. Participant chooses to no longer participate. Partici-
pants are informed of the voluntary nature of partici-
pation and their right to withdraw without providing
a reason, with no impact on their care.

2. The research team withdraws the participant in the
event of inter-current illness, adverse event, protocol
violation, administrative or other reasons.
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3. Participant loses capacity for continued participation.

Should a participant decide to withdraw from the
study, efforts will be made to follow up to establish the
reason for withdrawal to gather data on the acceptabil-
ity of the study. Data from withdrawn participants will be
included in the final analysis unless otherwise requested.
In case of lack of engagement or missing data for more
than three days, follow-up efforts will be made with par-
ticipants via email and text message (if consented) up to
three times before they are withdrawn from the study.
Similarly, researchers will conduct random checks on the
completion of aRMT measures, prompting participants
as needed to ensure continued engagement and data

quality.

Statistical and analysis plan

The STORY study is exploratory and not using direc-
tional hypotheses. Analyses will be pre-registered (e.g.,
https://osf.io/) and any reports will clearly distinguish
between a-priori and additional post-hoc/exploratory
analyses. Datasets will be prepared, stored and shared in
line with open science best practices and FAIR principles
(www.go-fair.org/fair-principles) to allow replication.

To meet our first aim, various modelling approaches
are used to characterise ED symptoms during illness pro-
gression and stages and identify outcome predictors. For
example, network analysis methods are used that concep-
tualise factors (e.g., ED symptoms, comorbidities, other
traits) as nodes and their associations as edges connect-
ing the nodes to represent the psychopathology of EDs in
a network of interconnected symptoms. To gain mecha-
nistic insights and reveal differences that characterise ED
subgroups and illness progression, our analyses further
include comparisons between (i) controls, anorexic-type
and bulimic-type subgroups, (ii) patient groups with dif-
ferent illness duration, and (iii) the initial and follow-up
assessments.

To meet our second aim, features obtained from bio-
sensors, questionnaires, tasks, and ESM assessments are
used for analyses within and between groups. Initial raw
data from smartphones and wearables is aggregated to
generate feature sets. Time-independent and dependent
probabilistic models are applied to investigate biologi-
cal and psychological markers of recovery or illness pro-
gression, trajectory, and stage classification in EDs and
identify predictors of outcome, including Mixture latent
Markov (MLM) models. MLM models allow to identify
unobserved subgroups (clusters) within the data that
share similar symptom trajectories over time. This allows
to explore how ED symptom patterns evolve differently
across participant groups. Anomaly/novelty detection
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methods are used to investigate deviations from base-
line data and the relationship between these changes and
their symptoms.

Qualitative data is analysed using thematic analysis
[79]. The thematic framework initially draws upon quali-
tative patient and public involvement (PPI) work con-
ducted prior to STORY (see 2.7) and remains subject to
development throughout analysis, as codes and themes
are identified in the data.

The results of the study will be disseminated as widely
as possible into the scientific and broader community,
including via publications in peer-reviewed journals,
scholarly book chapters, presentations at conferences,
and publications in proceedings.

Patient and public involvement

The original proposal of EDIFY was co-developed with
eight young people with lived ED experience. The EDIFY
project has a youth advisory board of 15 young experts-
by-experience, six of whom are directly involved with the
STORY study, having provided advice on STORY’s design
(e.g., feasibility; attractiveness; questionnaire proto-
col; recovery definitions), and development of the study
materials (e.g., designing documents; helping to avoid
jargon; developing the recruitment video [https://www.
youtube.com/watch?v=gRyVHnKYw4Y]). Youth advisors
will continue to provide advice and feedback throughout
the study.

Extensive pilot work has informed the acceptability
of RMTs within STORY’s target population and its safe
integration into the study. The perceived impact of RMT
on weight- and food-related behaviours and attitudes
was assessed as part of a qualitative interview study with
former participants from the RADAR-MDD study who
reported an ED diagnosis during their participation [58].
In an iterative process, the youth advisory board of the
wider EDIFY consortium provided further in-depth feed-
back around the choice and integration of the wearable
device. Overall, having access to measured health metrics
was perceived to increase preoccupation with activity,
weight and diet, thereby adversely impact ED symptoma-
tology. In response to the feedback received, a smart ring
was chosen as the wearable in STORY in contrast to other
fitness-focused activity trackers used in similar studies
(e.g., Fitbit, Garmin [31, 59]), and its use has been made
optional. Additionally, access to data measured by the
ring in the accompanying app can be restricted remotely
by the research team allowing complete blinding.

Discussion

While public and scientific awareness of EDs has grown
over the past decades, the factors that perpetuate ill-
ness or are associated with sustained recovery remain
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poorly understood. STORY’s multidimensional data,
capturing participants’ experiences in naturalistic
everyday settings, will explore both neurobiological
and psychosocial correlates of illness progression and
recovery. This holds the potential for actionable results,
paving the way for a more bespoke approach to treat-
ment, aiming for earlier recovery and reduced chronic-
ity. Integrating a qualitative component to complement
the comprehensive quantitative assessments will foster
a holistic understanding of recovery to shape interven-
tions that resonate with individuals’ diverse needs.

The use of RMT in ED research is nascent and typi-
cally only over short periods [80-82]; its application
to the STORY population and study duration is novel.
The continuous monitoring of biopsychosocial factors
promises to improve understanding of complex recov-
ery processes and to explore under-researched factors
potentially influencing ED progression, such as circa-
dian rhythm and heart-rate variability [83, 84]. In the
long run, these technologies could revolutionise clini-
cal care. In contrast to existing ED treatment models,
typically based on population effects or clinical exper-
tise, personalised devices can monitor multidimen-
sional outcomes and individual treatment responses
in real time to inform clinical decisions (e.g., adjusting
treatment type or intensity) [85]. Measurement-based
care has proven effective in managing both physical and
mental health conditions [86]. However, implementing
RMT in an ED population presents unique challenges,
most notably the use of wearable devices that are com-
monly associated with fitness and diet tracking. Such
technology has been shown to trigger, maintain and
worsen ED symptomatology in clinical and non-clinical
populations [87, 88], mirrored in reluctance amongst
individuals with an ED history to participate in RMT
studies [89]. To understand how RMT can be safely
integrated into ED research and clinical practice, we
encourage future research to follow processes similar
to those in STORY (e.g., PPI; close consultation with
experts-by-experience; process evaluations).

The STORY study prioritises diverse representation by
using liberal inclusion criteria and including groups com-
monly underrepresented in research, such as people of
the global majority, individuals with under-researched
EDs (e.g., ARFID) and those with persistent symptoms
[35]. Individuals are eligible if they show significant ED
symptoms at screening but have not been formally diag-
nosed yet which will help capture the full spectrum of ED
experiences and severities. Recognising frequent psycho-
logical or neurodevelopmental comorbidities of EDs (e.g.,
mood or anxiety disorders, obsessive—compulsive dis-
order, autism), participants are not necessarily excluded
for these unless significantly impaired or at safety risk.
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STORY further proactively explores diversity-related
aspects (e.g., ethnicity, sexuality, gender, socio-economic
background), to identify potential disparities in care and
improve support for minority and marginalised groups.
Finally, by encompassing an age range that straddles com-
mon divisions in research, policy, and service provision
(i.e.,<18s vs.>18s), data from STORY allows for a more
integrated and inclusive understanding of EDs in youth.

The STORY study is an ambitious project not with-
out its challenges, primarily in participant recruitment
and retention due to its longitudinal design, large num-
ber of variables measured, and transient study popula-
tion. Recruitment challenges are likely to be eased by the
wide reach of the study and broad inclusion criteria. To
reduce attrition, participants are remunerated for indi-
vidual assessments and allegiance to the study is fostered
using purpose-designed study merchandise (e.g., tote
bags, travel mugs), newsletters and events as success-
fully used in previous studies. Retention will be further
aided by contact with dedicated research team members
who provide technical support as needed, remind partici-
pants of the importance of data collection, and motivate
them to contribute study data, as evidenced in previous
longitudinal RMT studies [89]. The STORY study priori-
tises capturing young people’s experiences with EDs, ena-
bling an in-depth exploration of individual factors related
to illness progression and recovery. This focus excludes
family or caregiver perspectives, known to influence ED
development and recovery, and future research including
both parties could provide valuable insights. However,
focusing on individual experiences allows for a controlled
design, avoiding potential biases introduced by family
interactions during data collection.

Ultimately, the comprehensive data gathered from
the STORY study, together with other initiatives within
the EDIFY research programme, aspires to redefine the
approach towards understanding and treating EDs. By
spreading awareness and learning more about these
disorders, we hope to identify them earlier and encour-
age people to seek help sooner, thereby fostering swifter
recovery and diminishing long-term complications.
Understanding the data-driven stories of young people
with EDs is a crucial first step in rewriting those of young
people in the future.
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