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Abstract

Objective To examine markers of feasibility for a pragmatic interdisciplinary multi-axial study of biomarkers in
adolescents with eating disorders (EDs).

Method The study included the collection of medical and clinical variables, psychometric measures, dietary logs,
sensory and sleep assessments, and biological samples (i.e., blood and stool collection) for biomarker analyses.
Adolescents between the ages of 11 to 17 diagnosed with a restrictive ED, along with control participants were
enrolled between November 2021 to July 2024. Participants with EDs underwent concurrent treatment while
enrolled in the study. Time points for low-weight patients included baseline, 4, 12, and 26 weeks, depending on the
biological marker. Control subjects and patients over 90% treatment goal weight were assessed once. Feasibility was
evaluated using clinical participant recruitment efficiency and uptake, adherence to the study protocol, rates of study
completion, and self-reported ratings of acceptability.

Results In total, 100 participants with an ED, and 52 controls participated. We observed high rates of clinical
participant enrolment, high adherence with most protocol collection procedures, modest dropout for longitudinal
clinical participants (17% at 12 weeks), and positive feedback returned on surveys. We observed higher dropout at the
26-week timepoint (33%). Food log and sleep assessments were hindered by several contributing factors, resulting in
completion rates of 31-70% and 40-87%.

Discussion Overall, results suggest acceptable feasibility for most variables assessed. Protocols requiring
participation beyond 12 weeks, and utilizing dietary logs and sleep assessments, should be powered accordingly to
account for lower completion rates. Further studies are needed to determine methods to optimize dietary and sleep
assessments. This study provides valuable insights that can inform future precision psychiatry ED research strategies.
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In this study, we report on the feasibility of collecting biomarker samples in adolescents with eating disorders (ED)
to help inform a platform of precision psychiatry research. We included standardized questionnaires, dietary logs,
sleep, sensory, and pharmacogenetic assessments, and collected blood and stool samples. Depending on the
biomarker and grouping of participants, we collected data at 1, 3 or 4 timepoints. We evaluated feasibility using
rates of recruitment, adherence to the protocol, timepoints and study completion, and overall acceptability. We
recruited 100 participants with an ED and 52 controls. We observed high rates of clinical enrolment and adherence
to most collection procedures, low rates of drop out over the first 12 weeks, and positive feedback returned

on surveys. Dietary log completion and sleep assessments were the most challenging research tasks, with the
highest rates of non-completion. Our results suggest that most participants followed longitudinally completed
testing up to twelve weeks. Protocols requiring participation beyond this timeframe should account for substantial
dropout. Further studies are required to investigate the optimal method to track nutritional intake and assess sleep
characteristics for research purposes in adolescents with EDs.
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Eating disorders (EDs), including anorexia nervosa (AN),
are psychiatric illnesses that often begin in adolescence
and are associated with dangerous medical and psychi-
atric sequelae, chronicity, comorbidity, and death [2].
Relapses are common and long-term outcomes are often
poor, with large proportions of individuals continuing to
experience symptoms many years after initial diagnosis
[15]. Research on best practices for treating youth with
AN suggests that evidence-based treatments demonstrate
only modest efficacy, with a recognized need for further
treatment advances [11, 26, 28].

Recent trends in medical research have focused on pre-
cision approaches, which utilize an individual’s genetic,
biological and psychosocial factors to influence medi-
cal treatment to optimize individual outcomes (Delpi-
erre & Lefévre, 2023). Although these approaches have
revolutionized cancer care and other medical conditions
[40], precision medicine research involving psychiatric
conditions remains in its infancy [17]. Due to the com-
plex etiology of mental health (MH) disorders, creating
and implementing effective treatments can be difficult
[38]. Precision psychiatry offers theoretical solutions to
these challenges by utilizing tailored and personalized
approaches for treating psychiatric conditions [5, 32, 38].
In MH trials, biomarkers such as high-sensitivity c-reac-
tive protein (hs-CRP) have shown promise in improving
precision by stratifying patients into biologically relevant
subgroups and assessing measurable outcomes of treat-
ment efficacy (Raison et al., 2013).

Although several potential biomarkers of interest have
been demonstrated within the field of EDs, evidence
of adoption and implementation into clinical practice
remains scarce, with the majority of research focusing on
adults with AN [28]. Biological research has focused on
the identification of biomarkers that aim to inform the
disease process and response to treatments [1, 37, 45].
Increased biomarker research involving neurobiological
contributors to ED onset and maintenance may also help

advance discoveries of novel therapeutic targets (Stein-
glass & Walsh, 2016). As an example, research has sug-
gested that leptin may act as a disease-specific biomarker
given alterations beyond what would be expected for
weight-related effects in patients with EDs [9]. To date,
ED studies have concentrated on biomarkers associated
with starvation status and medical acuity, with research
on the utility of broader disease-specific biomarkers cur-
rently in their incipient stage of development (Malcolm
etal,, 2021).

Despite a wide breadth of research in various domains
with relevance to precision psychiatry, a recent review
failed to identify comprehensive research programs
focusing on multi-axial biomarker collection in ado-
lescent ED populations [28]. This may be in part due to
the lack of collection of clinical measurements and data
required to advance this work [32]. The integration of
biomarker collection into practice has the potential to
transform clinical care by offering more precise pheno-
typing and, as a result, more precise treatment options.
Given the complexity of EDs, it is highly unlikely that a
single biomarker will offer sufficient sensitivity or speci-
ficity to provide definitive diagnostic or prognostic value.
Instead, the development of composite biomarker pro-
files is more likely to improve clinical utility and support
greater precision psychiatry interventions [16].

Several broad biological areas of biomarker collection
in EDs have been identified, mainly in adults, including:
(1) the gut microbiome, (2) serum markers (immune and
endocrine mediators, e.g., interleukin 6 [IL-6] and leptin),
(3) olfaction and taste perception profiles, and (4) genet-
ics and genomics [22, 28]. We are unaware of any study
in pediatric EDs that has attempted to integrate these
biomarkers into a single study protocol, nor are there any
guidelines as to the feasibility of integrating this type of
multiple biomarker collection into treatment programs
and routine clinical care.
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The primary objective of this study was to use a prag-
matic design to report on the feasibility of collecting
multiple biomarkers in youth in treatment for an ED. We
sought to learn about recruitment efficiency and uptake,
adherence to the measurement protocol, and accept-
ability of collecting several biomarkers at once, includ-
ing smell and taste (using sensory collection kits), sleep
(using a wearable device), cytochrome p450 genetic
assays (using a commercially available psychopharmaco-
genetic test), blood (markers of immune, endocrine, and
appetite signalling), and stool (examining stool micro-
biome diversity, composition, and metabolites). Ulti-
mately, we seek to better understand and describe how
biomarker collection can be integrated into clinical prac-
tice to allow for precision psychiatry approaches in youth
with EDs to be realized.

Methods

Protocol development

The protocol was developed in a stepwise fashion using
a collaborative, interdisciplinary approach. Our initial
funding was awarded before the COVID-19 pandemic
and focused on the collection of variables associated
with the microbiome (stool, dietary logs, and standard-
ized measures). Additional funding was received there-
after (before the initial study launched), which resulted
in the protocol expanding to include further biomarkers
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(sensory assessment, sleep assessment, blood collection,
and pharmacogenetic testing; see Fig. 1).

To learn of the feasibility of enrolling patients at vary-
ing stages of treatment and weight presentations and to
understand the impact of malnutrition and illness state
on biomarker collection, we divided participants into
four groups: (1) participants with an ED under 90% treat-
ment goal weight (TGW) at enrolment, (2) participants
with an ED over 90% TGW at enrolment, (3) healthy con-
trols, and (4) siblings of participants with an ED (Fig. 1).
We included sibling controls given the recognized impor-
tance of environmental and genetic influence on the
microbiome [14]. To help understand the impact that
weight recovery had on biomarker collection and find-
ings, those with an ED and under 90% TGW were asked
to complete the biomarker collection up to 4 timepoints:
baseline, 4, 12 and 26 weeks.

To help address issues with potential anxiety and/or
discomfort, participants were given the choice to provide
stool, blood, or both, depending on their comfort level.
Given the differences in timing and structure of fund-
ing, participants who consented to stool but not blood
collection were administered questionnaires, diet logs
and stool collection kits at baseline, 4, 12, and 26 weeks
(Fig. 1). Participants who consented to blood but not
stool collection were given the same standardized mea-
sures and diet logs, and had blood collected and sensory

Study Procedures

—

[ Control Participants ]
I

[ Sibling Control ]
I

I
[ Healthy Control ]
I

Timepoint 1 (Baseline) Timepoint 1 (Baseline)
1. Questionnaires 1. Questionnaires
2. Anthropometric data collected 2. Anthropometric data collected
3. 3-day food log 3. 3-day food log
4.  Fasted blood sample 4.  Fasted blood sample
5. Olfaction and taste assessment 5. Olfaction and taste assessment
6. 3-day actigraphy assessment 6.  3-day actigraphy assessment
7. Pharmacogenetic test (50% of 7.  Pharmacogenetic test (50% of

sample) sample)

8. Stool sample 8. Stool sample
9.  Optional feedback survey 9.  Optional feedback survey

Timepoint 1 (Baseline) Timepoint 1 (Baseline)
Questionnaires 1. Questionnaires
Anthropometric and clinical 2. Anthropometric and clinical
data abstracted from EMR data abstracted from EMR

3. 3-day food log 3. 3-day food log

4. Fasted blood sample 4.  Fasted blood sample

5. Olfaction and taste assessment 5. Olfaction and taste assessment

6.  3-day actigraphy assessment 6.  3-day actigraphy assessment

7. Pharmacogenetic test (50% of 7. Pharmacogenetic test (50% of
sample) sample)

8. Stool sample 8. Stool sample

9. Optional feedback survey 9. Optional feedback survey

I
Timepoint 2 (Week 4)
Data collection procedures 1-6 and
8 repeated.

I
Timepoint 3 (Week 12)
Data collection procedures 1-6 and
8 repeated.

I
Timepoint 4 (Week 26)
Data collection procedures 1-3 and
8 repeated.

Fig. 1 Study Procedures. TGWTreatment goal weight, EMRElectronic medical records. All participants completed procedures 1-3; Participants who
consented to 4 also completed 5-7; Those who provided stool samples (collection procedure 8) provided a separate consent. Feedback survey added

retrospectively in March 2023
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and sleep assessments completed at baseline, 4, and
12 weeks. Due to the high cost of pharmacogenetic test-
ing (which focused on cytochrome p450 metabolism)
and budgetary constraints, testing was randomized to
approximately 50% of participants enrolled in this arm.

The study was approved by the hospital and university
research ethics boards.

Participants

Inclusion criteria included a diagnosis of a restrictive
ED (i.e., AN—restrictive type, AN—binge-purge type,
other specified feeding and eating disorder (atypical AN
subtype), unspecified feeding and eating disorder or
avoidant restrictive food intake disorder (ARFID) and
receiving inpatient and outpatient treatment within our
ED program. Exclusion criteria included the presence of
comorbid autoimmune-mediated medical conditions or
conditions known to influence inflammatory pathways
(e.g., rheumatoid arthritis, lupus, inflammatory bowel
disease, celiac disease, etc.); pregnancy; treatment in
the last two months with steroids, probiotics, or anti-
biotics (for those participating in the collection of stool
for microbiome examination); participants who, in the
course of their medical work-up relating to diagnosis of
an ED were found to have evidence of any condition out-
lined above.

Participants seeking ED treatment were categorized
based on their percentage TGW at recruitment (indi-
vidually determined by the clinical team based on devel-
opmental history and other factors associated with one’s
premorbid weight, nutritional, medical, mental health,
and menstrual history [29]. We used a convenience
sample and based recruitment efforts on an estimation
that 60% of patients receiving treatment in our program
(approximately 220 patients) would be less than 90% of
their TGW, and the majority (>75%) would have a diag-
nosis of AN [42]. With a hypothesized enrolment rate of
50%, we aimed to recruit 90-100 individuals over 2 years.
We also aimed to recruit 25-30 sex and age-matched
(within 2 years) control participants and 25-30 sibling
participants.

As our primary objective focused on patient enroll-
ment, study completion, adherence, and acceptability, we
did not collect enrollment-related information for con-
trol subjects or siblings. The total targeted sample size for
this study was 150—160 individuals.

Procedure

Eligible participants were identified by a medical clini-
cian (i.e., physician, nurse practitioner or nurse) work-
ing in the program at any point after initial assessment
had been completed, and an ED diagnosis meeting the
inclusion criterion was provided. Diagnoses were pro-
vided after initial assessment, and clinical interviews
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were completed either by a physician, nurse practitioner,
or psychologist. If eligible and interested, participants
completed informed consent. Control participants were
recruited through informal referrals (e.g., from clinical
and research staff), promotional posters in outpatient
clinics, and online social media announcements. Siblings
were recruited by word of mouth and through email out-
reach facilitated by the research team. In-person recruit-
ment, combined with telephone screening for controls
and participants with EDs not receiving inpatient treat-
ment, supported study recruitment efforts.

Patients receiving intensive hospital-based care had
blood collected by inpatient hospital staff, and outpa-
tients had blood collected in the hospital’s outpatient
laboratory. Patients receiving intensive outpatient (or
inpatient) care provided stool samples in the hospital or
at home (depending on disposition and patient prefer-
ence), and outpatients collected samples at home. Inpa-
tients completed sleep assessments on the inpatient unit,
whereas outpatients and controls were given an actigra-
phy watch to take home. Measure completion, sensory
assessments, and pharmacogenetic assays were com-
pleted on the inpatient unit or in the outpatient clinic,
depending on participant type and disposition.

Participants were compensated up to $85 CAD and
received up to two volunteer service hours per time point
(i.e., $50 CAD for completing validated questionnaires,
providing a blood sample, and completing sensory, sleep,
and cytochrome p450 metabolism assay; $35 CAD for
providing a stool sample). Upon study completion, par-
ticipants were asked to complete a survey exploring feed-
back relating to their study participation and received one
volunteer hour service for the time and effort required to
complete the survey.

Measurement

Anthropometric and clinical measurement

Participants’ weight, height, duration of illness, comor-
bidities, menstrual status, and medication history were
collected. Weight and height were captured at study base-
line for controls only, and all anthropometric and clinical
measurements were abstracted for participants with an
ED from the medical charts (e.g., clinician reports).

Psychometric measures

Eating disorder examination questionnaire-adoles-
cent [8] Eating disorder symptoms were measured using
the Eating Disorder Examination Questionnaire-Adoles-
cent (EDEQ-A [8]). The EDEQ-A is a reliable, validated
36-item instrument that generates four subscale scores:
restraint, eating concern, shape concern, weight con-
cern, and a global score. Respondents rate each item on a
7-point Likert-scale (0= no days to 7 = every day) and indi-
cate how many of the past 14 days an ED behaviour, atti-
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tude or feeling occurred. Scores of 2.8 or higher indicate
clinical significance [8, 44]. A global score is calculated by
summing the subscale scores and then dividing the value
by four [8, 44]. The internal consistency in the EDEQ-A
has been shown to be acceptable among clinical and gen-
eral population samples [8, 44].

Revised children’s anxiety and depression scale
[10] Anxiety and depression symptoms were captured
using the Revised Children’s Anxiety and Depression Scale
(RCADS; [10]). The RCADS is a reliable and validated
47-item instrument that has been used in a variety of clin-
ical paediatric samples [10]. The measure subscales cor-
respond to social phobia, obsessive/compulsions, panic
disorder, generalized anxiety disorder, separation anxiety
and major depressive disorder. Participants are asked to
rate each statement (e.g., “I worry about things”) based on
a 4-point Likert scale (i.e., 0=never to 3=always). When
comparing the RCADS to other traditional measures, it
corresponds to specific diagnoses and shows favourable
validity (Chorpita et al., 2002). Calculated T-scores below
65 are considered normal range, while T-scores between
65 to 69 are considered borderline clinical range, and
T-scores above 70 are in the clinical range (Carlander et
al.,, 2007).

Short health scale for gastrointestinal symptoms
[46] Impact of GI symptoms was assessed using the Short
Health Scale for Gastrointestinal Symptoms (SHS-GI
[46]). The SHS-GI is a validated short form general mea-
sure used to assess the impact of GI symptoms on quality
of life, (e.g. “Do your bowel problems interfere with your
activities in daily life?”) Respondents answer a four-item
questionnaire using a 100 mm visual analog scale which
ranges from no issue (0 mm) to extreme symptomology/
discomfort (10 0 mm). The sum of the four items is taken
and is scored out of 400. The SHS-GI is a validated and
brief measure that is suitable for capturing the impact
of GI symptoms in both patient and general populations
[46].

Toronto obsessive compulsive scale [33] Obses-
sive—compulsive (OC) symptoms were assessed using
the Toronto Obsessive Compulsive Scale (TOCS; [33]).
The 21-item measure includes six subscales: (a) cleanli-
ness and contamination, (b) symmetry and ordering, (c)
counting and checking, (d) rumination, (e) superstition
and f) hoarding. Each item is scored on a 7-point Likert
scale (-3 =far less often to 3 =far more often). Responses
with a value of two or three are summed for a total score,
which indicates the presence or absence of OC symptoms
among children and adolescents [33].
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Sensory measures

Taste assessment The “Taste Strips” test (Burghart
Messtechnik GmbH) was used to assess participants' taste
ability (Mueller et al., 2003). The test comprises of paper
strips that have varying concentrations of sweet, sour,
salty and bitter chemicals, with some containing no taste
(Mueller et al., 2003). Participants were asked to identify
the taste they perceive on the given strip (Mueller et al.,
2003). Each correct response is one point, with a maxi-
mum total of 16 [19], Mueller et al., 2003). False identifica-
tions may be used to diagnose parageusia in participants.
Normative values for scoring have been provided by the
manufacturer. This test has been shown to have good
reproducibility in clinical settings [19].

Olfaction assessment The “U-Sniff” test (Burghart
Messtechnik GmbH) was used to capture participants’
olfaction abilities (Gellrich et al., 2017). The test consists
of 12 scented pens and participants are asked to identify
the presented odor from a choice card with four options
(Gellrich et al., 2017). The olfaction test can be used to
examine normosmia and reduced smell ability in children
[39]. This measure has demonstrated suitability and high
test re-test reliability in pediatric populations [39, 47].

Sleep assessment

The Actiwatch-2 (AW?2; Philips Respironics, Murrysville,
Pennsylvania, United States) is a lightweight ambula-
tory actigraphy device used to capture participants’ sleep
patterns. The AW?2 provides data on participant’ sleep
schedule variability, sleep quantity and quality, physical
activity levels, and ambient white light levels. The actig-
raphy assessments were based on device availability. Par-
ticipants who received a sleep watch were asked to wear
the device on the wrist for three consecutive days at each
timepoint. The data were exported from the Actiware
version 6.3.0. software (Philips Respironics, Murrysville,
Pennsylvania, United States) for preliminary processing
using the default wake threshold and immobility settings.
Epochs were set at 15-s intervals. Estimated sleep onset
and end was calculated by using the Philips sleep interval
detection algorithm and was set to register if immobile
for more than 10 min. AW2 has been validated among
pediatric and adolescent samples and performed ade-
quately against the gold standard polysomnography [24,
35].

Blood collection and storage

Fasted blood samples were collected by the hospital’s
phlebotomy team. Samples included 4 mL lithium hepa-
rin vacutainer tubes for quantification of serum C-reac-
tive protein (CRP), cortisol and ferritin by the hospital
laboratory and 4 mL K2 EDTA-coated vacutainer tubes
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for a complete blood count (CBC) test. Additional 8.5 mL
samples were collected in a P800 blood collection tube
(BD, Mississauga, ON, CAN, #366420), containing a
proprietary mix of protease inhibitors, to ensure bio-
marker stability and allow accurate measurement of
inflammatory, endocrine, and metabolic markers (lipo-
polysaccharide (LPS), interleukin-6 (IL-6), tissue necro-
sis factor-alpha and tissues necrosis factor-beta (TNF-«
and P), interleukin-1 beta (IL-1p), interleukin-10 (IL-
10), interleukin-15 (IL-15), interleukin-17 (IL-17), brain
derived neurotrophic factor (BDNF), leptin, ghrelin,
neuropeptide y (NPY), oxytocin, vaspin, (glucagon like
peptite-1 (GLP-1), gastric inhibitory polypeptide (GIP),
and adiponectin). These samples were stored on ice and
transported by trained research members for aliquoting
and storage at — 80 until later analysis.

Stool collection and storage

Participants were provided with a stool collection kit,
assembled and delivered by the research team. The kit
included a specialized specimen collection container
(nuns cap), protective gloves, specimen collection vial
and ice packs. The participants were asked to provide a
10 ml sample, collected using the provided spoon from
several areas of the stool. Stool samples collected from
participants were directed to be immediately frozen at
- 20 °C and kept on ice packs for transport to the labora-
tory for storage at — 80 °C. The stool sample collection
was facilitated by the hospital’s internal courier system
for participants receiving inpatient treatment or by a
local medical laboratory courier service for individuals
who completed sample collection outside of the hospi-
tal. Participants who visited the hospital infrequently or
lived outside of the designated courier system’s pickup
radius were asked to freeze their samples until they could
be returned. The stool samples were collected from the
central lab by research team members and stored at — 80
until later assessment of the fecal microbiota diversity,
composition, and function.

Dietary record and assessment

Research participants (and/or caregivers where appro-
priate) were instructed to complete a three-day food
log aligning with the time of blood and/or stool sample
collection. Patients undertaking cognitive behavioural
therapy filled out their own forms, whereas for patients
receiving family-based treatment, parents and caregivers
or staff completed the logs. As required and appropriate
(depending on the stage of treatment), a registered dieti-
tian within the EDP assisted in data collection for dietary
records. Questions pertaining to meal preparation meth-
ods, amounts eaten, and food descriptions were col-
lected. Food logs underwent quality control parameters
based on metrics of portion size, description of items,
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and time of consumption [20]. Nutritional itemization
and dietary assessment were completed using the nutri-
tion tracking program, Cronometer (Cronometer Soft-
ware Inc., 2025).

OptimalRx plus® pharmacogenetic assay

Participants completed buccal self-swabs, which were
processed by Dynacare, a commercial laboratory. The
analysis primarily focused on cytochrome p450 metab-
olism related to psychotropic medications, including
SSRIs, SNRIs, SGAs. Standardized reports were returned
to the investigator and participants. Assay results are cat-
egorized based on degree of metabolism for each gene
tested (i.e., normal metabolizer, fast metabolizer, etc.).

Variables relating to study feasibility

Study feasibility was assessed using established feasibil-
ity guidelines for design and evaluation [6, 34, 43], which
were adapted to address considerations specific to the
adolescent ED population under investigation. This
assessment included measures of recruitment efficiency
and patient uptake (this was not completed for control
subjects), adherence to the measurement protocol (for all
participants), study dropout (for patients in the longitu-
dinal arm of study), and the acceptability of the overall
protocol (for all participants).

Recruitment efficiency and study dropout

Recruitment efficiency was measured by recording the
number of patients approached by the research team,
including ineligible individuals, eligible individuals who
declined to participate, and participants who enrolled
in the study. An overall recruitment efficiency percent-
age was calculated by dividing the number of enrolled
participants by the total number of youths approached.
Study dropout (for those in the longitudinal arm of study)
was calculated at each time point by dividing the number
of participants in the longitudinal study arm who com-
pleted that time point by the number initially enrolled at
baseline (in that specific arm of study).

Adherence to measurement protocol

Adherence to the measurement protocol was calculated
by examining the average number of days between each
participant’s initially scheduled research appointment
within a & 3-day window and the actual date of measure-
ment and by calculating the percentage of participants
who adhered to the measurement protocol.

Study acceptability

To evaluate study acceptability, an optional online feed-
back survey was introduced to the study procedures in
March 2023. The survey assessed participants’ over-
all satisfaction and acceptability of the study across
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three primary domains: the informed consent process,
data collection procedures, and communication with
the research team. Each domain included items rated
on 5-point Likert scales (e.g., 1=strongly disagree to
5=strongly agree). Open-text responses were also pro-
vided to allow participants to elaborate on their experi-
ences and offer suggestions for study improvement (e.g.,
“Please provide any suggestions as to how the stool kit
and the return process could be improved”). Scores
were calculated by averaging item responses within each
domain. A total acceptability score was calculated by
averaging the domain scores. For participants enrolled
in the longitudinal arm, the survey was administered at
the third timepoint (i.e., approximately 12 weeks after
the baseline assessment), while single timepoint par-
ticipants completed the survey following their research
appointment.

Data analysis

Markers of study feasibility were analyzed using Micro-
soft Excel and IBM SPSS Statistics (Version 30.0).
Descriptive statistics were calculated, including mea-
sures of central tendencies (mean, median), variability
(standard deviation, range), sample size, and percentages.
Outliers were identified and retained, as they provided
relevant insights into study feasibility and implemen-
tation of biomarker collection within this population.
Optional open-ended text responses were inductively
coded and thematically presented.

Results

Study feasibility

Recruitment efficiency, timepoint completion, and study
dropout

A total of 127 patients were approached for the study,
of which 100 enrolled (78.74%; n=70<90% TGW;
n=30>90% TGW). In addition, 29 healthy controls
(n=24 [82.76%] consented to providing all samples;
n=5 [17.24%] consented to providing all samples except
stool) and 23 sibling controls (n=15 [65.22%] consented
to providing all samples; n=6 consented to providing all
samples except stool [26.09]; n=2 [8.7%] consented to
providing stool samples only) enrolled, bringing the total
number of participants to 152 (see Fig. 2).

The longitudinal study arm (# =70) included 41 partici-
pants (58.57%) who consented to providing all samples,
25 participants (35.71%) who consented to providing all
samples except stool, and four participants (5.71%) who
consented to providing stool samples only. The single
time point>90% TGW (n=30) included 22 participants
(73.33%) who consented to providing all samples, seven
participants (23.33%) who consented to providing all
samples except stool, and one participant (3.33%) who
consented to providing stool samples only. All patients
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and controls attended baseline timepoints (n=152).
Dropout for patients enrolled in the longitudinal study
arm from baseline (1=70) to timepoint two (4 weeks;
n=63 completed) was 10%, timepoint three (12 weeks;
n=>58 completed) was 17.14%, and time point four
(26 weeks; n=30 of 45 participants with a timepoint at
6 months completed) was 33.33%. Reasons for dropout
are provided in Fig. 2.

Adherence to measurement protocol

On average, the time between the healthy controls’ ini-
tially scheduled research appointment (+ 3-day win-
dow) and the actual date of timepoint completion
was approximately three days (M=2.69, SD=13.34,
range = 0-73 days). Two healthy controls (6.9%) had dif-
ferences in their initially scheduled appointments of
73 days and eight days, respectively. There was no dif-
ference in the sibling controls scheduled and actual
timepoint completion dates when accounting for the
+ 3-day window. The mean number of days between
the scheduled research appointment and the actual
date of timepoint completion for the>90% TGW par-
ticipants was approximately one day (M =0.77, SD=4.2,
range =0-23 days). Only one participant had a 23-day
difference between the scheduled research appoint-
ment and the actual date the timepoint was completed.
For the<90% TGW participants, the mean number
of days between the scheduled research appointment
and the actual date of measurement for timepoint
one was approximately one day (M=0.03, SD=0.24,
range=0-2 days), three days (M=2.86, SD=5.97,
range = 0-25 days) for timepoint two, five days (M =4.76,
SD=15.20, range=0-105 days) for timepoint three,
and five days (M=4.8, SD=7.98, range=0-32 days)
for timepoint four. Additionally, the average number
of days between the final timepoint and stool collec-
tion was approximately 10 days (M=9.77, SD=20.88,
range = 0—84 days).

At baseline, protocol adherence was high, with > 94%
completion for psychometric measures, sensory assess-
ments, blood and stool collection, and > 86% for phar-
macogenetic testing (see Table 1). Dietary log and sleep
assessment completion exhibited the highest rates of
non-completion across all timepoints. Despite the antici-
pated suitability of the actigraphy device, we encountered
several challenges over the study duration. As examples,
device malfunctions, delays associated with software
updates, and subsequent discontinuation of the actigra-
phy model limited the number of devices available as the
study progressed. This resulted in missed opportunities
for measurement. We also experienced delays in partici-
pants returning devices after at-home assessments were
complete, which prevented the optimization of hando-
ver of the device from one patient to another. While the
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Approached for the study
(N =200)

[ Recruitment ]

Excluded (n = 48, n = 6 did not meet
eligibility criteria, n = 28 declined to
participate, n = 14 did not respond after
initial contact)

—

Study enrollment (V=152) |

[ Healthy Control

J (

Sibling Control

D

v v

Timepoint 1 (Baseline)
n=29
n =24 consented to all samples
n =15 consented to all samples
except stool

Timepoint 1 (Baseline)
n=23
n =15 consented to all samples
n =6 consented to all samples
except stool
n =2 consented to stool
samples only

Timepoint 1 (Baseline)
n="70
n =41 consented to all samples
n =25 consented to all samples
except stool
n =4 consented to stool
samples only

Timepoint 1 (Baseline)
n=30
n =22 consented to all samples
n =" consented to all samples
except stool
n =1 consented to stool
samples only

|
Timepoint 2 (Week 4)
n=63
Lost to follow-up (n = 7) due to
school commitments, family
stress, or no reason provided

]
Timepoint 3 (Week 12)
n=>58
Lost to follow-up (n = 5) due to
ageing out, school commitments,
found hospital distressing, or no
reason provided

Timepoint 4 (Week 26)
n=30
Lost to follow-up (n = 15) due to
school commitments, ageing out,
moving, or no reason provided

l

v

[ Study Feedback ]

feedback survey

Completed feedback survey (n = 41)

n = 28 declined to complete optional

Fig. 2 Participant Consort Table. TGWTreatment goal weight

diet logs were intended to capture and track nutritional
intake, participants (and parents) noted difficulties pro-
viding accurate and sufficiently detailed records.

Aside from challenges with sleep assessments and
dietary log completion, the single timepoint groups (i.e.,
controls, siblings, and>90% TGW participants) dem-
onstrated a high degree of procedure task adherence.
While the<90% TGW group achieved high procedure
adherence and study completion at baseline, increased
deviations were noted at 4, 12 and 26 weeks (see Table 1).
Deviations included a limited number of stool samples
that were thawed during the return process (n=3).

Study acceptability

Forty-one of 69 participants who were offered an oppor-
tunity to complete the feedback survey did so (59.42%
completion). Results demonstrated agreement across
key components of the study, including the informed
consent process (M=4.52, SD=0.71), biomarker data
collection procedures (M=4.08, SD=0.69), and com-
munication with the research team (M=4.44, SD=0.69).
Similarly, the total score for study acceptability was 4.35
(SD=0.64). Open-text responses provided additional
insights into participants’ experiences. While many
responses endorsed the current study protocol (e.g., four
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time of treatment initiation, including working with the
treatment team at the time referrals are reviewed and ini-
tial assessments booked.

To date, few studies have looked at recruitment and
retention in ED research as primary outcomes [7].
Unfortunately, high dropout rates have long been recog-
nized in studies of treatment outcomes for individuals
with AN [13]. A recent systematic review of ED studies
involving cognitive behavioural therapy (CBT) reported
an overall dropout of 24% among RCTs, although study
designs varied widely as did definitions of dropout [21].
Not surprisingly, dropout rates vary considerably across
ED studies, with many citing high overall rates of drop-
out [4, 18] but others noting high completion rates [7].
Our previous experience with a highly rigorous RCT pro-
tocol investigating the utility of olanzapine as an adjunct
treatment for AN also highlighted numerous barriers to
patient participation and study completion, suggesting
a variety of factors likely influence research participa-
tion [31]. Overall, results from the present study suggest
that recruiting and retaining (a majority of) patients with
severe restrictive EDs into multi-axial studies of biomark-
ers can be accomplished with protocols that utilize single
or as many as three timepoints over 12 weeks. Protocols
that require biomarker collection beyond this timeframe
should factor higher rates of dropout into appropriate
power calculations.

Participants’ engagement and adherence to most study
procedures were observed for all participant cohorts at
baseline. Lower rates of sleep assessments and dietary
log completion were noted across the entire study. Given
the array of issues we faced with the actigraphy devices,
additional studies are required to investigate sleep char-
acteristics among adolescents with EDs and the feasibil-
ity of integrating sleep variables into a larger protocol
involving biomarker collection. In hindsight, the noted
difficulties with diet log completion are not necessarily
surprising given that clinical research measuring dietary
intake has long been recognized as extremely challeng-
ing (Bailey, 2022). Our findings suggest additional con-
siderations and modifications are needed to improve
how nutritional data is captured and to reduce potential
participant burden. Privacy concerns limited the abil-
ity of the research team to utilize apps that stored data
outside of Canada. Although not in use currently, it is
possible that the use of pre-printed descriptions of meal
plans for patients undertaking hospital-based treatment
might decrease burden and increase completion rates.
As the team navigated these issues, there were also ques-
tions about whether asking participants to photograph
their meals and snacks would be appropriate and offer a
possible solution. As research involving the microbiome
in EDs increases, it will be important for investigators
to understand which method of nutritional data capture
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(including digital and mobile methods that leverage tech-
nology) is suited to best meet the needs of individual
studies (Bailey, 2022).

Procedure adherence and participant acceptabil-
ity in those completing one timepoint suggested that
the collection of blood and stool, sensory assessments,
pharmacogenetic test completion, and standardized
questionnaires were feasible. Allowing participants to
provide feedback and suggest adjustments to study pro-
cedures during the initial stages of the study development
(e.g., increasing the vial size for the stool samples, creat-
ing additional writing space in the dietary assessments)
also helped streamline study processes. Collecting blood
for biomarkers that are subject to degradation (e.g., GLP-
1) proved exceptionally costly, as temperature-sensitive
vials containing enzyme inhibitors were required for
sample collection. Measurement of appetite-regulating
hormones (i.e., leptin, ghrelin, neuropeptide Y) and
GLP-1 required fasting blood samples, which compli-
cated scheduling due to the rigid nature of the treatment
meal schedule. Given the absence of trained phleboto-
mists on our research team, we relied on hospital per-
sonnel for blood collection. As a result, delays occurred
regularly, with patients waiting (at times) up to one hour
for phlebotomy staff, and thus for breakfast.

For many participants, this study marked their first
experience providing a stool sample. The take-home
stool collection kit and flexible return process likely
increased autonomy and comfort for participants and
their families, as they were not required to complete the
stool collection during the research appointment. Our
research team normalized the data collection process by
encouraging questions and reviewing the stool sample
kits at each appointment. Verbal, written, and electronic
instructions were provided to clearly communicate the
stool collection procedures, including stool volume and
sampling techniques necessary for accurate microbiome
assessment. The flexible stool sample return methods,
while designed to accommodate participants, resulted in
some minor challenges. In a few isolated examples, there
were delays in sample receipt, and as a result, the sample
quality was compromised. Moving ahead, consideration
could be given to using collection kits containing stabiliz-
ers to help minimize these issues.

Collecting sensory data was well accepted by par-
ticipants. The olfaction and taste assessments required
minimal time to administer. While most participants
had no concerns with the sensory assessments, a minor-
ity of patients (n<5) expressed reservations about the
caloric content of the taste strips. Participants were able
to consume water during the taste assessment, though
it was not required between each taste strip. This devia-
tion from the standardized procedures was necessary
for study as water consumption is monitored for some
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patients. The order of data collection varied at times;
some participants were asked to complete the sensory
tasks and psychometric questionnaires while waiting for
their blood draw, while other had their blood drawn first
when phlebotomy was available. It is possible these modi-
fications and variability in the task sequences may impact
study results.

We did not experience any meaningful issues with the
pharmacogenetic assay completion. We utilized a com-
mercial assay with preprinted instructions for kit com-
pletion and delivery of the sample. Results of the assays
were returned to participants and the ordering physician,
and the results were transcribed into our database.

After baseline collections were completed, we noted
increased deviations from the protocol timing and higher
rates of dropout for those in the longitudinal arm. As
participants transitioned through different facets of treat-
ment (inpatient, partial hospitalization and outpatient
care), arranging research appointments alongside out-
patient clinic appointments became more challenging.
Study dropout increased as the number of weeks from
baseline increased, with 10% of patients dropping out by
4 weeks, 17% dropping out by 12 weeks, and 33% of those
with a 6-month timepoint failing to complete collection.
Pressures relating to school were often provided as a rea-
son for dropout, although it is unclear how other undoc-
umented factors, including research fatigue or other
clinical, treatment, and/or psychosocial factors, impacted
these rates, as well as rates of study task completion.

Finally, although outside the primary objective of this
study, our experience suggests that some procedures,
such as collecting fasting blood samples, manually com-
pleting dietary logs, and arranging for courier delivery of
outpatient stool samples, added substantially to the cost
and operational complexity of trial implementation and
completion.

Limitations

Several limitations should be considered in the context of
this study. First, markers of study feasibility were assessed
using a convenience sample of individuals receiving care
through our program, representing a selection bias. Our
findings are based on a limited sample and may not be
representative of a larger population of adolescents with
EDs. Future research should consider broadening inclu-
sion criteria for clinical participants and controls, and
explore mechanisms to increase sample size and stan-
dardize intake assessments, including the administration
of structured interviews. The strict inclusion criteria for
controls created recruitment challenges, primarily due
to the requirement that participants had not received
active treatment for or been diagnosed with a MH condi-
tion within the past year at the time of study enrollment.
The fact that these patients may have experienced MH
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conditions prior to this timeframe should also be consid-
ered a potential confounder and limitation. Further, as it
was not a primary outcome, we did not track the propor-
tion of siblings available for study enrolment or the rea-
sons for or against sibling participation.

Second, the feedback survey was developed and incor-
porated after the study launched. While having some
participants’ feedback on the consent and data collec-
tion procedures and overall acceptability of the novel
study design was helpful, subsequent studies should
incorporate validated feasibility measures at study onset
to evaluate the suitability of multi-dimensional sample
collections amongst this population. The novelty of this
research program led to several amendments in the study
procedures (e.g., changes to the dietary assessments,
stool collection vitals, etc.). Future research should con-
sider flexible windows for data collection (e.g., scheduling
data collection while routine blood is being taken) and
incorporate other validated sensory and dietary assess-
ments. Finally, optimization of biomarker collection
within ED populations would benefit from streamlined
laboratory access for biomarker preparation, storage, and
analysis, as well as a dedicated phlebotomist for blood
sample collection.

Conclusion
The study results suggest multi-axial biomarker research
that employs short-term (up to 12 weeks) protocols
among adolescents with EDs are feasible, although not
without issue, as assessed by high rates of study enrol-
ment, acceptable rates of dropout, adherence to a major-
ity of study procedures, and positive feedback obtained
from patients. Protocols that extend testing beyond
12 weeks and up to 6 months, as well as those that rely
on dietary logs, should be sufficiently powered to account
for higher rates of dropout and noncompletion. Chal-
lenges with actigraphy function and availability prevented
meaningful conclusions relating to sleep assessment.
Findings from this study can serve to inform the devel-
opment of future precision psychiatry approaches for
ED assessment and treatment in adolescents. The com-
pletion of biomarker research is essential to evaluate
whether the evolution of ED care into a more analytics-
guided, individualized discipline can improve outcomes
(Norris, Obeid & El-Emam, 2024). Further research
should aim to recruit larger and more diverse sample
sizes across all participant groups, explore mechanisms
to facilitate study enrolment at the time of treatment
initiation, incorporate flexible windows for data collec-
tion, and explore additional methods that optimize the
measurement of variables relating to sleep and dietary
intake. As the body of research investigating questions
that pertain to precision psychiatry for EDs grows, it will
be important for researchers to share experiences with
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study design, implementation, data collection and results
to ultimately optimize the success of such trials.
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