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ABSTRACT

Introduction Depression occurs in over 50% of
individuals living with multiple sclerosis (MS) and can

be treated using many modalities. Yet, it remains: under-
reported by patients, under-ascertained by clinicians and
under-treated. To enhance these three behaviours likely
to promote evidence-based depression care, we engaged
multiple stakeholders to iteratively design a first-in-kind
digital health tool. The tool, MS CATCH (Care technology
to Ascertain, Treat, and engage the Community to Heal
depression in patients with MS), closes the communication
loop between patients and clinicians. Between clinical
visits, the tool queries patients monthly about mood
symptoms, supports patient self-management and alerts
clinicians to worsening mood via their electronic health
record in-basket. Clinicians can also access an MS CATCH
dashboard displaying patients’ mood scores over the
course of their disease, and providing comprehensive
management tools (contributing factors, antidepressant
pathway, resources in patient’s neighbourhood). The goal
of the current trial is to evaluate the clinical effect and
usability of MS CATCH in a real-world clinical setting.
Methods and analysis MS CATCH is a single-site, phase
Il randomised, delayed start, trial enrolling 125 adults
with MS and mild to moderately severe depression. Arm

1 will receive MS CATCH for 12 months, and arm 2 will
receive usual care for 6 months, then MS CATCH for 6
months. Clinicians will be randomised to avoid practice
effects. The effectiveness analysis is superiority intent-to-
treat comparing MS CATCH to usual care over 6 months
(primary outcome: evidence of screening and treatment;
secondary outcome: Hospital Anxiety Depression Scale-
Depression scores). The usability of the intervention will
also be evaluated (primary outcome: adoption; secondary
outcomes: adherence, engagement, satisfaction).

Ethics and dissemination University of California, San
Francisco Institutional Review Board (22-36620). The
findings of the study are planned to be shared through
conferences and publishments in a peer-reviewed journal.
The deidentified dataset will be shared with qualified
collaborators on request, provision of CITl and other

STRENGTHS AND LIMITATIONS OF THIS STUDY

= A novel tool designed with extensive stakeholder
engagement to deliver data from patients between
visits to the point of care and to alert clinicians of
severe depression in real-time.

= Numerous resources are made available to both
patients and clinicians for comprehensive, be-
haviourally informed depression care in multiple
sclerosis (MS).

= A pragmatic trial design enrolling diverse people
with MS with mild-moderately severe depression.

= One delayed-start arm allowing 6 months of observ-
ing and defining ‘usual care’.

= Neurologists randomised to delayed start could
experience contamination if some patients begin
months 6—12 before others.

certifications, and data sharing agreement. We will share
the results, once the data are complete and analysed, with
the scientific community and patient/clinician participants
through abstracts, presentations and manuscripts.

Trial registration number NCT05865405.

INTRODUCTION

Despite the high burden of illness, there
is a large depression care gap for patients
with multiple sclerosis (MS) who experience
depression. Depression is prevalent among
people with MS (PwMS): PwMS are 2-3 times
more likely to be diagnosed with a depres-
sive disorder than the general population,
with depression affecting about 50% PwMS
over the course of their lifetime." Clinical
guidelines for MS care include depression
management, for which non-sedating anti-
depressant drugs, suicidal intent screening,
and psychotherapy are all usually recom-
mended.” ? Yet despite the high prevalence
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of evidence-based screening and treatment modali-
ties—depression in MS remains under-reported, under-
evaluated and under-treated.*

Barriers to reporting, evaluating and treating depres-
sion are many. To treat depression in the MS neurology
clinic, it must be reported by the patient and screened
for by the clinician, then it must be comprehensively
evaluated to establish patient safety and implement inter-
ventions likely to be effective. In clinical settings, stigma
may further reduce a patient’s comfort with sharing their
psychiatric symptoms.! * Further, the standardised vali-
dated tools for depression screening are seldom used
to identify depression in MS, reducing the effectiveness
of interventions.” Treating depression in PwMS often
requires a complex, individualised plan rather than a one
size fits all approach. When other contributing MS-spe-
cific conditions are not fully considered, such as fatigue,
cognitive impairment and urinary retention—these may
interfere with the efficacy of treatments tested in non-MS
patients and could worsen symptom burden.” In addition,
antidepressants are prescribed often at inadequate dose,
duration and ineffective mechanism of action.” After the
visit, patients may face barriers to following through on
treatment plans that they develop with their doctor, such
as difficulties with access, insurance or finding specialists
close to home, as well as the many competing demands
on their time. Finally, although better integration is
associated with improved psychiatric care, integration
between psychiatric and non-psychiatric care in the elec-
tronic health record (EHR) is often low.”

MS CATCH (Care technology to Ascertain, Treat and
engage the Community to Heal depression in patients
with MS) is a behaviourally informed, digital health,
closed-loop intervention that seeks to overcome some
of the aforementioned challenges (figure 1). In simple
terms, the tool includes a patient-facing mood survey and
self-management tool, that loops with a comprehensive
depression management dashboard that launches from
the electronic medical record. This intervention avoids
a ‘onesizefits-all’ treatment model common in trials
targeting MS symptoms, and focuses not on a specific new
device (eg, app or neurostimulation) or medication (eg,
antidepressant), but rather on improving information
flows between patients, clinicians and depression-relevant
resources. MS CATCH was designed using several estab-
lished principles. The first was an extensive process of
human-centred design in all phases of development
to refine the overarching infrastructure. To promote
sustainability and generalisability, the tool was developed
using industry standards, such as REDCap for electronic
data capture,” and Substitutable Medical Applications
and Reusable Technologies on Fast Healthcare Interop-
erability Resources application programming interfaces.”’
Each individual care component and visualisation was
then developed and refined using extensive stakeholder
engagement. Throughout, decisions were made based on
how they might promote changes in behaviours likely to
improve depression reporting, screening, comprehensive

treatment and follow-through. For this, the COM-B prin-
ciples of behavioural change were followed. This exten-
sive, iterative process is described elsewhere.'"" In its
final version, the tool was rated as easily implementable,
useful and valuable to screen for and catch depression
and mood related symptoms in MS prior to the worsening
health of a patient.

Trial objectives

The hypothesis tested is whether MS CATCH reduces
depressive symptoms in PWMS by closing the communica-
tion loop between patients and clinicians. The goal of this
single-site pragmatic clinical trial is to evaluate the effec-
tiveness of MS CATCH to inform effect size, trial duration
and expected ‘adherence’ for a possible larger, multi-
centre trial. Trial outcomes include: behaviours intended
to reduce depression, patient-reported depression scores,
clinical diagnoses of depression and adoption of/adher-
ence to the tool.

METHODS AND ANALYSIS

Overall study design

MS CATCH is a phase II 12-month pragmatic clinical treat-
ment trial enrolling diverse PwWMS with mild to moder-
ately severe self-reported mood using simple stepped
wedge design (figure 2).

Patient and public involvement
Patients were involved in the design of the study as
stakeholders.

Setting

The primary clinical setting is the University of Cali-
fornia, San Francisco (UCSF) MS and Neuroinflamma-
tion Center in Northern California, USA, which provides
specialised care to over 5000 adults with MS annually, and
has an extensive track record of pivotal trials for MS," *
remote monitoring'® '® and treatment."” The start date is
1 August 2023. The end date is expected to be 15 May
2025.

Participants

MS clinicians and MS patients will be enrolled and sign
written electronic informed consent forms. Clinicians will
then be randomised 1:1 to arm 1 or arm 2 using an auto-
mated permuted block randomisation scheme to start
using MS CATCH.

Intervention

MS CATCH consists of a simple patient-facing mood
reporting and self-management tool (patient-facing elec-
tronic data capture of Patient Health Questionnaire-9
(PHQ-9)) that can be accessed via a smartphone, tablet
or web browser as well as a comprehensive dashboard that
launches from the medical record. The process for design
of these intervention components is more fully described
elsewhere.'®
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Figure 1 Care technology to Ascertain, Treat and engage the Community to Heal depression in patients with multiple sclerosis,
a closed-loop depression management tool for use in multiple sclerosis. Between clinical visits, at 4-week intervals, participants
complete a brief mood survey through the secure University of California, San Francisco (UCSF) REDCap portal. These surveys
are emailed to ensure accessibility from any device at any time. Scores indicating severe mood trigger an alert directly to their
physician’s electronic health record (EHR) in-basket. During the medical encounter or between visits, the physician can access
a dashboard via one click on the EHR that displays regarding a participant’s current mood status. Clinicians can then open
BRIDGE through the EHR to see treatment recommendations, participant health information, contributing risk factors and

resources local to the patient.

Patient-facing tool

Monthly, participants receive a reminder to access their
tool and complete the PHQ-9. This tool was chosen to
be used as the screening tool for its adaptability and
simplicity (can expand from two to nine questions), prior
validation? including in MS, and to maintain consis-
tency with the pilot study.'® PHQ-9 survey responses then
trigger real-time alerts delivered to the clinician’s medical
record inbox, who can then access a comprehensive dash-
board. The patient-facing tool also displays simplified
mood tracker each month and a list of resources relating
to mental health. If a patient participant screens posi-
tive for suicidality or responds with a score above 15 on
the PHQ-9, the participant receives an immediate alert

through the tool that states ‘If you are having thoughts of
harming yourself or others, dial 988 to reach the National
Suicide Prevention Lifeline, or seek immediate medical
care. Please note that it can be up to 36 hours before your
doctor receives your survey responses’.

Comprehensive clinical dashboard

The comprehensive dashboard accessed by the clini-
cian displays the patient’s longitudinal mood scores,
multimodal risk factors and interventions to be consid-
ered, as well as mental health resources, including those
supporting patient self-management and a map of clini-
cians providing comprehensive services for PwMS local
to the patient, sourced from the National MS Society
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Figure 2 Overview of trial design and outcomes. A 12-month, delayed-start, randomised phase Il clinical trial evaluating the

efficacy (behaviours, mood) and usability of a closed loop tool for comprehensive real-time depression care in MS. HADS-D,
Hospital Anxiety Depression Scale-Depression; MS, multiple sclerosis; MS CATCH, Care technology to Ascertain, Treat and

engage the Community to Heal depression in patients with MS.

(figure 1). Since there can be some overlap between
PHQ-9 items and other domains affected by MS such as
fatigue or concentration, clinicians will also have access
to the individual PHQ-9 item responses to gauge severity
and best treatment options.

Design rationale

Patient participation in the trial will last 12 months, with
each participant receiving at least 6 months of the inter-
vention. Randomisation to arm 1 or arm 2 will occur
by clinician, since (1) it is difficult to blind clinicians to
tool use and (2) to prevent ‘contamination’ (ie, practice
changes incurred as a result of using MS CATCH). The
6-month ‘usual care’ period for the delayed start group
will allow us to define ‘usual care’ in a consistent way
and to appropriately compare MS CATCH to usual care.
This is important to do for a real-world clinic, given that
the sparse guidelines for mood care in MS® are heter-
ogeneously followed in typical clinical practice.” The
12-month trial will: (a) inform the feasibility of a larger
randomised controlled clinical trial (RCT) and (b) allow
us to account for a potential therapeutic lag between the
time that interventions are recommended (eg, consult
talk therapist) and a treatment duration sufficient for
effect (eg, identity a therapist in-network, schedule intake,
attend 12 weeks of talk therapy) has occurred. Further,
(c) we will also be able to compare the effect of 6 versus
12 months of tool use on depression outcomes, that is,

whether benefits incurred over months 6-12 exceed
those over months 0-6 of tool use.

Patient recruitment, enrolment and screening

From the participating neurologists’ practices, adult
patients with MS—whether relapsing or progressive”’—
with upcoming clinical visits will be prescreened via
chart review. Patients who fulfil the initial study inclusion
criteria will be contacted by IRB-approved means (tele-
phone or email). The study is also posted on clinicaltrials.
gov. Interested patients will be scheduled for an enrol-
ment visit with the study coordinator either in-person,
or via telephone or Zoom (an institutionally approved,
HIPAA-secure, televideo platform” '’). During this visit,
they will complete a detailed informed consent (Docu-
sign, paper on request) with the study team trained in
ethical research conduct. In the rare event that there is
concern, a potential participant’s capacity will be evalu-
ated using the University of California Brief Assessment
of Capacity to Consent.”' ** Patients who cannot or will
not consent will not be enrolled as they would be unlikely
to be able to adhere to the study protocol and personally
respond to PROs. Any participant will be able to discon-
tinue the study at any time.

Inclusion/exclusion criteria
Once they sign the informed consent, participants will
be asked to complete a PHQ-9 questionnaire. This tool
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Table 1 Major inclusion and exclusion criteria for patients

Inclusion criteria

Exclusion criteria

» Diagnosis of MS (relapsing or progressive) by 2017
McDonald criteria*®

» Ages 18-80 (by going much beyond 80, you run the risk

of including cognitively compromised people with another

diagnosis

PHQ-9 score of 5-19

Any MS therapy, or no treatment

California resident to enable clinical telemedicine visits if

warranted during the study visit

vvyy

MS, multiple sclerosis; PHQ-9, Patient Health Questionnaire-9.

is a validated, self-administered survey used in the field
of mental health that assists clinicians in objectively
assessing the severity of depression. It has sensitivity and
specificity values, and is comprised the nine criteria that
comprise the Diagnostic and Statistical Manual of Mental
Disorders, 4th Edition depressive disorder diagnosis.”
Given its validity and its brevity, this will be the screening
tool to confirm inclusion criteria and monitor patients
remotely. Patients with mild (scores: 5-9), moderate
(scores: 10-14) or moderately severe (scores: 15-19),
depression will be included. Given existing literature,** *
we anticipate that about half of the clinical patients will
fall in these categories. Participants with severe depres-
sion (ie, PHQ-9 scores 20+) will result in the study team
alerting their primary clinician to support safety; they will
not be enrolled. Other inclusion/exclusion criteria are
presented in table 1. Patients meeting these criteria will
be formally enrolled in the study.

Plans to recruit a diverse research cohort

To ensure demographic representativeness, enrolment
will be capped at 65% white non-Hispanic patients to
ensure that trial participants reflect the composition of
the diverse clinic population (30-35% of whom identify
as Black, Hispanic, Asian or ‘other’), and that the data are
generalisable to the experiences of diverse PWMS. Enrol-
ment is expected to be approximately 2:1 to 3:1 female to
male, reflecting the clinical MS population.

Language. The REDCap mood survey can be viewed on
the patient’s device in the other major languages spoken
by UCSF patients, namely Spanish or Cantones.

Device access. To reduce the likelihood of excluding
participants based on socioeconomic status, partici-
pants who do not have a smartphone, laptop, tablet or
computer in their homes will be provided with a device
and/or Wi-Fi card for the duration of the study.

Study blinding

In this pragmatic trial, neither patients, clinicians nor
patientfacing research coordinators will be blinded to
tool use due to the difficulties of blinding, including

» Cognitive dexterity or visual impairment (typically defined
as corrected acuity less than 20/70) that, in the opinion of
the study neurologist (RB), would put the participant at risk
or limit their ability to adhere to the study protocol

» Inability to provide informed consent

» Psychotic disorders: bipolar disorder, schizophrenia,
schizoaffective disorder

» Substance use that in the treating neurologist’s perspective
could influence the patient’s safety on study or adherence
to study protocol

» Another comorbid central nervous system diagnosis, for
example, traumatic brain injury

lack of a comprehensive ‘sham’ tool. To minimise poten-
tial for bias, all patientreported and physician-reported
scores will be automated using REDCap to reduce any
potential for subjective scoring. Further, the coordinator
conducting chart review to extract data (such as depres-
sion mention in the clinical note, prescriptions filled)
will be blinded to clinician group assignment. Finally,
data analysis will be performed by our statistician who
is blinded to treatment assignment until the dataset is
locked and analysed.

Study procedures

Arm 1 participants will use the tool for the entire 12-month
follow-up period, while arm 2 participants will do this for
the latter 6 months. Clinical visits (whether in person or
via telemedicine) will occur per usual routine at baseline,
6 months and 12 months. Over the course of the study,
clinicians will have access to raw data scores of the PHQ-9
and will then provide care per their clinical judgement,
using as indicated the resources available through MS
CATCH, including treatment prescriptions, referrals and
follow-up appointments. The nursing team will monitor
the clinician’s in-basket per clinical routine and alert the
clinician to in-basket messages triggered by a patient’s
severe PHQ-9 scores. The clinic’s nurses, social worker,
neuropsychologist and other professionals will provide
evaluation, treatment or follow-up assistance as per the
treating neurologist’s discretion. Patients may on their
end, access any other available self-management tools
of their choosing. PROs will be collected via REDCap at
the baseline, 6M and 12M timepoints as well as 3M and
9M. Tool use will be monitored over the course of the
study, including patient behaviour (response to prompts
to the REDCap mood survey), and clinician behaviour
(launching of the MS CATCH clinician-facing dashboard
during or in between the clinical visits, tracked via Google
Analytics). After the 12-month visit, an exit interview
will be performed and participants will rate the tool. To
ensure participant safety, patients with severe HADS-D
scores at screening or participants with severe depression

Henderson K, et al. BMJ Open 2024;14:e077432. doi:10.1136/bmjopen-2023-077432
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or suicidality at any point during the trial will be referred
to the study psychiatrist (CM) for expedited psychiatric
care.

Study measures to be collected

Baseline covariates from EHR

Demographics

Age, sex, race, ethnicity, employment, education and zip
code to estimate socioeconomic status indicators®® and
travel distance from clinic.

Clinical

MS history (symptom onset, date of diagnosis, MS type),
comorbidities, smoking, cannabis uscs:,27 medications.
Clinical disability measures will include the EDSS®™* (if
not available within the past year, a validated e-PR-EDSS™)
and Symbol Digit Modalities Test.

Psychiatric history

History of psychiatric and/or substance use disorder diag-
noses including pseudobulbar affect, history of treatment
(psychological and psychotropic medications).

Health literacy

eHealth literacy (eHEALS)®' measures patients’
combined knowledge, comfort and perceived skills at
finding, evaluating and applying electronic health infor-
mation to health problems.

Trial outcomes: effectiveness

Primary effectiveness outcome

Mood promoting behaviours (process of care)

At the baseline, 6 and 12-month visits, the study record will
be updated for information on behaviours—both on the
part of the patient and the clinician—that can promote
mood evaluation and care. Data about care utilisation
from the UCSF EHR and other institutional medical
records will be complemented by the patient exit survey,
since some aspects of clinical care (eg, out of pocket talk
therapy) will not necessarily figure in the EHR. An over-
view of these outcome categories is provided in table 2
and detailed in online supplemental table 1. Clinician
screening of depression as documented in the clinical
note in the EHR will be performed at each (baseline,
6 and 12months) visit, along with a comprehensive list
of contributors to depression (substance use, inactivity,
medications). Preventative care recommendations from
the clinician will be noted, and patient follow-through
will be calculated by study staff as a percentage of these
recommendations that were completed by the next 6M
follow-up visit.

Secondary effectiveness outcome

Mood

The Hospital Anxiety Depression Scale (HADS) is widely
used to assess psychological distress in non-psychiatric

Table 2 Major categories of care utilisation and follow-through, including mood-promoting behaviours that are targeted by
the intervention and that represent effectiveness outcomes for the trial

Source(s) Data type

Target outcomes

Patient exit interview

level

Missed work, work productivity
Hospitalisation, ER visits, outpatient

Medical record/ patient survey
(06M) prospectively collected
by a data analyst blinded to
clinician/patient randomisation

visits

Behavioural outcomes: referrals
completed, prescriptions filled, activity

Orders: medication prescriptions
and refills, Referrals to psychiatrist,
psychotherapist, social worker,

neuropsychologist, other behavioural
health professional; other medical

services.

Non-medical approaches recommended

(join support group or club)

Behavioural outcomes: EHR

neurologist notes: mood screening,
mood evaluation, mood treatments

» Clinician comprehensive depression evaluation:
% depression risk factors evaluated at each
patient visit (goal: 80%)

» Clinician preventive care recommendations: %
visits in which applicable care was recommended
(goal: 80% visits), and the % applicable
interventions recommended per visit

The cells shaded in grey depict the primary behavioural change outcomes for the trial.

EHR, electronic health record.
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patients. It consists of two subscales, measured via 14 items:
seven items for the Anxiety subscale (HADS-Anxiety) and
seven for the Depression (HADS-Depression) subscale.™
It has been validated for use in MS demonstrated satisfac-
tory psychometric properties in several different popula-
tions.” Each item is scored on a response scale with four
alternatives ranging between 0 and 3. A higher score indi-
cates greater anxiety or depression.

Thresholds

The clinically meaningful HADS-D cut-off in MS is >8.0.%
The minimal clinically important difference (MCID) in
HADS-D has not been defined in MS but in other chronic
conditions ranges 1.5-17.%** The SD of HADS-D scores
in a recent survey of PwMS was 3.7.° The HADS will be
collected at baseline and at 3, 6, 9 and 12 months.

Exploratory effectiveness outcomes: other self-reported measures
Self-efficacy

Patient self-efficacy at managing a chronic disease will
be self-reported at the baseline, 6-month and 12-month
visits.” Clinician self-efficacy at evaluating and managing
mood will be evaluated at their enrolment and final
patient out, on a 1-5 Likert scale as per.*”

Mood

Mini-International Neuropsychiatric Interview (MINI):
This is a 15min structured assessment of depression
that can be administered by a non-clinician. This will
be an exploratory endpoint given project focus on the

behavioural modifiers of this ultimate clinical outcome
(depression).* Changes in PHQ-9 will also be evaluated.

Possible contributors to mood/covariates

Fatigue (Modified Fatigue Index®), sleep (PittsburghSleep
Quality Index),”™"' social engagement (Short form
Oxford Participation and Activities Questionnaire*?) and
work participation for employed participants (Impact on
Participation and Autonomy™) will also be collected and
analysed.

Trial outcomes: tool evaluation

To evaluate tool adoption, engagement, adherence and
satisfaction, we will use an implementation science frame-
work which is depicted in table 3. We will gauge adop-
tion based on the percentage of patients using the tool
during the first month of the study, engagement based on
the percentage of patients who use the tool at least once
every 3months, and adherence based on the percentage
of patients who respond to the mental health prompts
at 12 months. Adherence will be seen as a participant
responding to 75% or more of the depression prompts.
We will also measure the engagement of patient-clinician
encounters who use the tool during the 6 and 12-month
visits. Trial retention will also be calculated at the 3, 6, 9
and 12-month timepoints.

Data collection and storage
Data will be collected through the institutionally secured
HIPAA-compliant REDCap portal.8 All information

Table 3

Implementation science-informed framework for evaluating the trial intervention: MS CATCH

Patients

Clinicians

% approached for the study who initially agreed to

‘adopt’ MS CATCH

% willing to participate in the study

% patients screened for the study who were not
able to participate due to cognitive, motor or visual

impairments

Engagement

(sustained use) quarterly (goal 60%)

% who continued to use the patient-facing tool at least

% clinician-patient dyads in arm 1 who use
the in-visit dashboard at the 12M clinical visit
(goal 60%)

Adherence % depression-reporting prompts adhered to per
participant on their patient-facing tool (goal 75%)
% adhering to >75% depression prompts (goal 75%)
Trial retention at 3, 6, 9 and 12 months

Satisfaction Net Promoter Score*®

Net Promoter Score*®

12 item mHealth Satisfaction Questionnaire*”

Qualitative (exit interview, or early exit): patterns of use,
barriers to use, and ask for feedback about the tool’s
functionality; if applicable, dropout and to elicit any

Qualitative: satisfaction with the tool (also
using perceived barriers to use, feedback
about the tool’s functionality, and to estimate

additional qualitative feedback on their depression care the overall burden of use of MS CATCH

The primary usability outcomes are shaded in grey (tool adoption by patients and clinicians).
MS CATCH, Care technology to Ascertain, Treat and engage the Community to Heal depression in patients with multiple sclerosis.
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relating to patients will be stored behind the UCSF
firewall.

Statistical plan and data analysis

Effectiveness outcomes

The primary effectiveness outcome will be a behavioural
change outcome. For the clinician, this will be descriptive
only and will be the % visits in which they screened for
depression. For the patient, this will be categorised as the
% of mutually agreed on interventions (eg, start medica-
tion, schedule visit with local therapist) to improve mood
(as per Block et al'’) that were followed through by the
patient at their 6-month visit. Additional behavioural
outcomes are summarised in table 2 and detailed in
online supplemental table 1. The secondary effectiveness
outcome is mood improvement (change on the HADS-
D). We will use 1.7 for an MCID and compare the %
participants in each arm achieving improvement of at
least 1.7 over the first 6 months of the trial. Additional
patterns of HADS-D improvement will be evaluated,
including mean change in HADS-D score over the course
of the trial, and categorical improvement, such as reduc-
tion in HADS-D scale to <8; reduction in HADS-D scale
by 2+ points). Exploratory outcomes will include MINI
scores, self-efficacy, and other patient-reported outcomes.

The Full Analysis Set comprises all doctors to whom trial
intervention has been randomly assigned 1:1 to arm 1 or
arm 2 by block randomisation. According to the intent-
to-treat principle, doctors will be analysed according
to the intervention arm they were randomised to and
strata (employment status: part-time (<50%) vs full-time
(250%)) they have been assigned to during the rando-
misation procedure. The primary behavioural effective-
ness outcome is depression screening at 6 months. The
following statistical hypotheses will be tested to address
the primary objective: H :0,=0vs HA: 6,20 where 6, is the
difference in proportions between usual care and CATCH
at 6 months. The primary analysis to test this hypothesis
and compare the two treatment arms will use the adjusted
x* analysis via the Rao-Scott design that adjusts for clus-
tering of doctors via SAS V.9.4 proc surveyfreq stratified
by employment status (full-time vs part-time (<50%)). A
similar approach will be undertaken examining other
effectiveness outcomes.

We will also use mixed effects linear (for continuous
outcomes) and logistic (for dichotomous secondary
outcomes) regression analyses. We will flexibly model
trajectories by testing whether including quadratic or
cubic terms for time (up to five visits: baseline, 3 months,
6 months, 9 months, 12 months) or random slopes for
individuals improve the model fit and include them if
indicated by a significant (p<0.05) likelihood ratio test.
The overall difference will be assessed using an F-test and
post-estimation t-test in SAS V.9.4. Using this approach,
we can assess whether intervention improvement occurs
during different time-periods to assess duration of use
of CATCH. We will present the results with and without
a multiple testing adjustment when comparing across

time periods. All of the secondary efficacy outcomes
will be assessed using this mixed modelling approach.
We will also adjust for important covariates (eg, PHQ-9
levels, age, sex, EDSS), as well as explore potential inter-
actions between intervention arm and PHQ-9, and other
covariates. We will also assess the model fit (eg, residuals)
and assess whether transforming the outcomes (eg, log
transformations) provides the best fit. We will also assess
whether the baseline values are subject to confounding
by isolating within person changes. The benefit of mixed-
effects models is that they produce unbiased estimates
even when some individuals have missing observations,
adjust for differential loss to follow-up, accommodate
irregular time measurements, and account for clustering
of individuals, as required in this study. For all results, the
estimates and associated 95% CIs will be reported.

Tool usability outcomes

Tool usability outcomes are detailed in table 3; the
primary usability outcome will be adoption. To evaluate
the tool itself, descriptive statistics (mean, SD, median
and IQR) for numeric will be used.

Sample size considerations

Behavioural outcomes

125 patients will be enrolled in each arm to ensure at least
60 patients with PHQ-9>5 in each arm who can partici-
pate in the trial (ie, 250 total sign informed consent and
125 total participate), with 50 anticipated completers in
each arm (82% retention at 6 months). In our experi-
ence, this sample size is ample to identify significant
predictors of adherence to a digital health intervention
and to ensure reasonable completers should there be
unforeseen low study retention.”” ** Based on our prelim-
inary data, we expect a small design effect of 1.72 with an
intraclass correlation coefficient of 0.45 (1+0.45x(17-1)).
Using this design effect, our effective sample size is 118,
which results in at least 80% statistical power to detect an
improvement in our primary outcome (clinician depres-
sion screening) from 25% visits in the usual care arm to
50% in the MS CATCH arm at the 6-month visit using a x
test assuming a two-sided a level of 0.05.

Mood outcomes

For our secondary outcome, change in HADS-D, an effec-
tive sample size of 114 (57 per group, assuming design
effect of 1.72, see above) will provide approximately 80%
statistical power to detect a clinically meaningful differ-
ence of 1.7 at 6 months, assuming a change from baseline
in HADS-D of 1.7 for arm 1 (MS CATCH intervention),
and no change with usual care (arm 2), with common SD
of 3.2. This sample size calculation was based on a two-
sample independent t-test using Stata V.15.1, assuming an
alpha level of 0.05. We did not adjust for multiple tests
given in the calculation given that HADS-D is a secondary
outcome. However, we plan to present results adjusted for
multiple testing using the Bonferroni correction to main-
tain the family-wise alpha level at 0.05.
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Statistical analysis plan

The detailed statistical analysis plan (SAP) will include
details about handling of potential missing data, including
consideration of multiple imputation if more than 5% of
the data is missing at random. It is possible that the data is
not missing at random, but rather missing not at random,
and we will explore this possibility. To account for possible
effects of crossover and contamination, we will consider
performing marginal structural modelling as a sensitivity
analysis. Though, given that the primary endpoints of the
study occur at 6 months before arm 2 crosses over to MS
CATCH, we do not expect this to be a major limitation.
The SAP will follow the guidelines provided by Consoli-
dated Standards of Reporting Trials.

ETHICS AND DISSEMINATION

The trial received ethical approval from the UCSF Insti-
tutional Review Board (22-36620) and is registered to
ClinicalTrials.gov. Both patient and clinician participants
will provide informed consent, either electronically,
through a secured online portal, or on paper, prior to
study enrolment. Results from the study will only report
aggregated deidentified patient information and will be
published through peer-reviewed journals and presented
at conferences. Deidentified data will be shared with qual-
ified investigators on reasonable request. Adverse events
will be reported through the UCSF IRB. Should the trial
achieve its intended outcomes, then key features will be
tested in a large, multi-site RCT.
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