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CoachMS, an innovative closed-loop,
interdisciplinary platform to monitor and
proactively treat MS symptoms: A pilot study
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Abstract

Background: There are numerous challenges to treating co-occurring symptoms in multiple
sclerosis (MS).

Objective: To pilot the feasibility of a novel symptom management platform, CoachMS, to monitor MS
symptoms (bladder function, ambulation, and mood: BAM) and respond to changes in real-time.
Methods: In this 12-week randomized controlled pilot trial, participants’ symptoms were monitored
using weekly questionnaires and remote ambulatory monitoring (Fitbit Flex2®). Behavioral change
principles used included shared goal setting at 2 weeks. Between weeks 2-12, the CoachMS group
received targeted contact and interventions if symptoms worsened; the control group were treated
through usual clinic practice. Our outcomes were feasibility (retention, adherence and acceptability;
primary) and proportion of recommended treatments pursued (secondary); efficacy was explored.
Results: Of 21 participants enrolled, 13 (62%) completed the study; protocol adherence was excellent.
CoachMS participants demonstrated greater follow-through with clinical recommendations than controls
(OR 9.3, 95% CI (0.9, 97.6)). As a cohort, each BAM symptom tended to improve. Suicidality was
detected in one control participant, resulting in urgent evaluation and hospitalization.

Conclusions: The innovative CoachMS platform was feasible and acceptable in this cohort with base-
line BAM symptoms. It could represent an accessible, cost-effective tool to monitor MS symptoms in
real-time; a larger trial is planned.

Keywords: Multiple sclerosis, quality of life, rehabilitation, digital health, clinical trial, symptomatic
treatment
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Introduction

Multiple sclerosis (MS) is characterized by a marked
variability in symptoms.' Disease modifying treat-
ments reduce inflammatory exacerbations and slow
disability progression,® yet existing symptoms and
disease progression still have a destructive impact
on quality of life (QOL).' There are several limi-
tations to current symptom treatment approaches.
Symptoms are frequently treated individually, how-
ever, they often exacerbate one another *° (e.g.
ambulatory limitations and urinary leakages can
lead to reduced participation in group activities,
social isolation, and exacerbated depression and

anxiety).” Semi-annual evaluations in the neurolo-
gist’s clinic may not permit as granular an assess-
ment of often-fluctuating MS symptoms as real-time
monitoring.® Further, the time and cost burdens of
the many symptom treatment types (e.g. specialized
rehabilitation, safety laboratory testing, medication
refills) represent additional activation barriers for
patients with MS.”"'!

For these reasons, we hypothesized that symptoms
are best improved when tackled synergistically, in
real-time, and when using principles of behavioral
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change. We developed CoachMS, a symptom man-
agement platform that comprises of 4 innovative
features: (1) continuous, closed-loop, symptom
monitoring that enables us to evaluate and proac-
tively respond to changes as they occur (real-time)
rather than waiting for semi-annual in-clinic assess-
ments; (2) behavioral health principles promoting
capability, motivation and opportunity,'>"* (3)
evidence-based, comprehensive care (behavioral,
rehabilitative and pharmacological) tailored to a
patient’s given function, situation and preferences
and (4) synergistically treating three prevalent,
debilitating, frequently co-occurring'*'> and often
undermanaged symptoms affecting people with MS
(PwMS): Bladder,'® Ambulation'” and Mood'®
(BAM). According to NARCOMS data for example,
by 15 years MS duration, 52% PwMS report at least
mild bladder dysfunction, 68% at least mild ambu-
latory impairment, and 29% at least mild depres-
sion'” — and thus these symptoms are likely to
co-occur in some PwMS. BAM symptoms indepen-
dently worsen QOL, and have an even greater
impact in combination.’>*' Further, recommended
therapeutic modalities for each of these symptoms
are partially non-overlapping (e.g. antidepressants
for mood but pelvic floor therapy for bladder). The
burdensome multiple-modality care needs add rele-
vance to both our comprehensive approach and the
need to support patients in adopting behaviors
(scheduling and attending appointments, collecting
medications) likely to improve their symptoms.

Here, we evaluated the feasibility (retention, adher-
ence and acceptability) of the novel CoachMS symp-
tom management platform in a cohort of PWMS. We
secondarily evaluated whether it might increase

patients’ pursuit of evidence-based pharmacologic,
behavioral and rehabilitative strategies targeted to
their symptom load.

Methods

Participants

Adults (>18years) with a diagnosis of MS** were
referred by their MS specialist neurologist at the
University of California San Francisco, Multiple
Sclerosis and Neuroinflammation Center if they
were ambulatory and reported at least 2 BAM
symptoms.

Study procedures

This 12-week randomized, single-blind, controlled
clinical pilot study of a symptom management plat-
form for MS (Figure 1) included PwMS if:
Expanded Disability Status Scale (EDSS)** was
1.5-6.5; Bladder Control Scale [BLCS]** score of
>2; Neurostatus Ambulation score of >1; Center
for Epidemiological Studies Depression Scale
[CES-D]* score of mild depression or worse.
Participants were included if they presented with at
least 2 of the 3 BAM symptoms. Exclusion criteria
were: no access to a smartphone/personal computer
or internet connectivity; cognitive impairment
severe enough to preclude participation; or an inabil-
ity to understand the study protocol and/or consent
autonomously.

Baseline visit and physical examination. After
providing written informed consent, participants’
neurological history and medications were reviewed
by the study neurologist. Then, the study physical
therapist (PT) performed a standard PT evaluation

Weeks 3-12:
Weekly review of monitoring data
oo™ + For undesirable worsening/stasis in BAM symptoms: On-Study
CoachMS +  Contact/confirmation from study team: clinical Coaching
Participants Only recommendations, referrals per treatment protocols
- — — Weeks 1-12
Continuous activity monitoring (Fitbit Flex2) Remote
All Weekly REDCap Symptom Assessments: PHQ-2/2, Hopkins Fall Assessment, ABSST-9 Monitoring
Participants
[CoachMS +
control] Week 12:
Baseline Visit: i 7
. i . Week 6: * Patient-reported
y ﬁT;\:?a;ualmn Gm, : !z";' Patient- outcomes Study
rs:c:!ed telovisit reported « End of study Outcomes
B outcomes televisit
* Feedback survey

| I

Figure 1. Study design.
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(details in Table S1 and Supplementary Appendix
1). These evaluations gauged the behavioral health
“COM-B” constructs, i.e. patients’ capability, moti-
vation and opportunity to adopt recommended
symptom-management behaviors (Table 1).'%!?

On-study monitoring. Remote activity: Each partic-
ipant was asked to don a Fitbit Flex2® activity track-
er, on their non-dominant wrist, for 12 weeks. Step
count was downloaded weekly from participants’
Fitbit.com account by the study coordinator, who
(for the CoachMS group) visually verified that aver-
age daily step count (STEPS) was stable or increas-
ing. A valid day was defined as greater than 128
steps/day, and a valid week was one with at least
3 days of valid data.?¢

Weekly patient-reported BAM symptoms: Patients
were prompted weekly via email to complete a
short REDCap (Research Electronic Data
Capture)*’survey for each BAM  symptom:
Actionable Bladder Symptom Screening Tool
(ABSST-9),>® Hopkins Falling Scale,” and 4-Item
Patient Health Questionnaire (PHQ-4, depression
and anxiety).*

Two-week goal setting televisit (shared goal setting
and recommendations). As detailed in Table 1, two
weeks after study entry, all participants met with the
study neurologist and PT via televideo to review the
2-week monitoring data and baseline evaluations,
and jointly establish BAM symptom target goals to
accomplish by the study completion (e.g. decrease
nocturia from 3 events to 1). A series of personal-
ized, evidence-based, comprehensive recommenda-
tions (Supplementary Appendix 2) was then
generated (e.g. schedule a visit with pelvic floor
PT, initiate an antidepressant). Ambulation goals
were determined based on “normative” STEPS for
the participant’s MS-related disability level:*® a 10-
20% STEPS goal increase was initially proposed.
These were further tailored to incorporate biome-
chanical or functional barriers determined from the
PT evaluation (e.g. consulting a PT for orthotics,
exercising on weekends when less busy) as well as
personal health goals (e.g. weight loss or trying
yoga). All recommendations were discussed with
the patient’s referring/treating neurologist and any
referrals or prescriptions were coordinated by them
to ensure consistency of care. Altogether, a number
of behavioral health intervention functions were
introduced to promote participants’ ability to
achieve their goals - '*' these included education,*’

incentivization, training, environmental restructur-
ing, modeling, and enablement (Table 1).

Randomization and blinding. At the conclusion of
the goal setting visit, one unblinded research coor-
dinator allocated participants to either the CoachMS
or control condition using a simple 1:1 randomiza-
tion scheme generated using Microsoft Excel.
Participants and the other study team members (neu-
rologist and PT) remained blinded to group assign-
ments throughout the study, unless a participant’s
weekly surveys or Fitbit data warranted intervention
per CoachMS group protocol, or for suicidality (all:
see below). Study outcomes included patient-
reported outcomes (PROs) collected from patients,
and clinical recommendations collected by a differ-
ent study member (AG) who was blinded to group
assignment.

Intervention/coaching between weeks 2 and 12.
While participants in both study arms set shared
goals (“persuasion”) and were able to self-monitor
through the Fitbit and weekly symptom question-
naires (“education”, “incentivization”), between
weeks 2 and 12 the CoachMS intervention further
involved a “contact and treat to target” approach.
This targeted clinical contact was designed to opti-
mize motivation, incentivization and enable-
ment'>"®  towards adoption of symptomatic
therapies (Table 1).

During these weeks, the study coordinator monitored
the surveys and Fitbit data for the CoachMS group to
identify any symptom worsening (definitions in
Table 1), or symptom remaining worse than set
goals. These situations prompted communication
from the study coordinator with the patient within
24 hours, to evaluate reasons for changes (e.g. need-
ing new Fitbit charger, not filling antidepressant pre-
scription). New or worsening symptoms triggered
contact from the study neurologist, who communi-
cated changes and recommendations with the partic-
ipants’ treating physician to ensure continuity
of care.

In contrast, the control group received conventional,
open-loop care (Figure 1) with the exception of
situations of threats to self or others. Here, if any
participant in either group indicated a positive
response to the PHQ-9, a PHQ-9 increase by 1 stan-
dard deviation sustained over 2weeks,** or any
verbal feedback through any contact with the study
team, then the treating clinician was immediately
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Screened for
eligibility:
N=24
T

Found to be ineligible due to study

1
Met inclusion criteria and referred
by neurologist:
N=21

I
Enrolled in study:
CoachMS= 11
Control= 10

criteria
N=3

Withdrawals due to time burden of
questionnaires:

CoachMS= 2
Control= 3

Withdrawals due to inconsistent
use of activity monitor:

Control= 2

Excluded due to incomplete

A
Completed study and included in
analysis:

CoachMS= 8
Control= 5

Figure 2. CONSORT flow diagram.

notified, and prompt evaluation and intervention
taken.

Patient-reported study outcomes. To capture more
global measures of MS-related symptoms and func-
tion, at baseline, 6, and 12 weeks, participants com-
pleted a series of questionnaires through REDCap
(Table S1).

End of study televisit. All study completers were
interviewed at week 12 (4+/— 1 week) by the study
neurologist using open-ended questions assessing
subjective review of BAM symptoms, as well as
feedback on study procedures and impact on QOL.
Additionally, participants were asked about compet-
ing time demands, such as employment and caregiv-
ing duties.

Study outcomes

Feasibility. Following published guidelines, this was
assessed by (1) recruitment rates (2) participant
retention rates (completion of any week 12 surveys)
(3) participant-stated reasons for dropouts,? (4)
study protocol adherence rate (>50% of completed
weekly questionnaires and >10weeks of valid

surveys:
CoachMS=1

STEPS data), and (5) study acceptability: participant
qualitative feedback on study procedures and
impact.®*>> We also recorded adverse events,
including mood as described above.

Clinical recommendation follow-through. Completion
of recommendations provided by the study team was
taken as the proxy for the coaching intervention as
these evidence-based treatments could eventually,
based on prior studies, result in the platform’s ulti-
mate efficacy goal, symptom improvement. This was
recorded at each study visit, and medical record
review after study completion was performed.
Medical records were initially reviewed for actions
completed during the 12-week study duration, but
this timeframe was subsequently expanded to
12months since many participants had not been
able to identify, schedule, and visit recommended
providers within the 3-month study duration.

Clinical recommendations were categorized as inter-
nal - those that could be completed independently by
the participant (e.g. purchasing new footwear), or
external - those that required a third party (e.g.
seeing a PT). The rates of total completed internal

www.sagepub.com/msjetc
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and external recommendations were calculated per
patient.

The amount of “competing time demands” for each
group was explored, as this could affect time avail-
able to follow through on recommendations.

Preliminary efficacy. Changes in BAM symptoms
between baseline and 12-week questionnaires, and
in STEPS, were compared.

This study was approved by the UCSF Institutional
Ethics Review Board (#16-20505) and registered at
NCT03335618. All participants provided written
informed consent.

Statistical analysis

The primary outcome feasibility measures were
assessed quantitatively (descriptive statistics for
retention and adherence rates) and qualitatively
(stated reasons for drop out, and acceptability via
unstructured feedback). The percentage of recom-
mended interventions that comprised the secondary
outcome were completed were compared between
the two groups using odds ratio chi-square test.
The exploratory changes in BAM symptoms (PROs
and STEPS) over time were analyzed using either
paired Student’s t-test or Wilcoxon signed-rank test.
Pearson’s correlation coefficient was used to assess
relationships between continuous variables. The pre-
post STEPS difference was calculated using the
baseline week compared to week 12 (or the last
week of available data for that participant); missing
data for STEPS goals were estimated using median
STEPS per EDSS block.*® Statistical analysis of the
results and figure generation was conducted using R
Version 3.6.0.

Results

Study participants

Among 24 patients interested in participating or
approached by the study team, 21 patients met eli-
gibility criteria and were enrolled; 10 were random-
ized to the control group and 11 to the CoachMS
group (Figure 2). Given the small sample size, we
compared baseline characteristics of both groups to
ensure adequate randomization; there was no signif-
icant difference in age, sex, disease type, or disease
duration (Table 2).

Feasibility metrics

Retention. Study retention was 62%: 8/11 partici-
pants from the CoachMS group and 5/10 participants
from the control group completed a 12-week
evaluation.

Adherence. On average, both groups provided over
12 weeks of valid STEPS (CoachMS group: 13.4;
control group: 15.5weeks). Out of the 12 weekly
surveys, the CoachMS and control groups completed
an average of 10 and 11, respectively. Both groups
were sent a median of two REDCap questionnaire
reminders.

Participant qualitative feedback. End of study feed-
back was completed by 10 participants (5 CoachMS,
5 control).

Study protocol. Participants in both groups encoun-
tered no difficulties understanding the study protocol
and had no major technical difficulties.

Study discontinuation. This was primarily attributed
to time burden of completing the detailed study
questionnaires (weeks 6 and 12), or difficulties com-
plying with the study protocol, such as syncing or
charging the Fitbit (2 CoachMS, 1 control) or wear-
ing it regularly.

Behavioral health strategies. Both groups reported
high satisfaction with their involvement in the study
and noted the motivational and competitive aspect of
the Fitbit to set daily ambulation goals as beneficial.
“I'm addicted to the Fitbit. I would try to push
myself to beat my goals” stated one CoachMS par-
ticipant. Both groups reported that the goal setting
and/or coaching provided was valuable in managing
and increasing activity and improving mood, and
that self-reflection on symptoms was a benefit of
the weekly questionnaires, reporting that it,
“prompted [them] to notice subtle changes from
week to week”. Motivational and emotional support
from participation in the trial was cited by CoachMS
participants as: “encouragement to feel my best and
[to keep] myself accountable by meeting my step
count every day. The biggest change is in my atti-
tude. I genuinely feel lucky and happy.”

Adverse events. Beyond some discussions of survey
burden, no participants reported emotional or phys-
ical discomfort caused by the surveys or the Fitbit, or
other procedure-related adverse effects. One partic-
ipant broke his leg directly after baseline assessment
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(unrelated to study) and completed the study after a
hiatus. One control group participant reported sui-
cidal ideation on the weekly PHQ-9; per protocol,
the study team immediately notified the medical
team, and the participant was admitted to an inpa-
tient psychiatric unit, resulting in symptom stabili-
zation and improvement. During a follow up clinic
visit, she reported to the study neurologist, “your
study saved my life.”

Study team access. CoachMS participants consistent-
ly noted that access to the study clinicians offered an
additional source of support to facilitate increase
daily activity.

Clinical recommendation follow-through

The CoachMS group had a higher completion rate
for external recommendations than the control group
[56% vs. 20%, OR 9.33, 95% CI (0.89, 97.62)
p=0.05]. For example, among the 9 participants
who were encouraged to seek PT for ambulatory
impairments, 4/6 CoachMS participants scheduled
an initial evaluation in comparison to 1/3 control
participants. Both groups achieved a 25% comple-
tion rate for internal recommendations. Most (59%)
of these recommendations were completed by study
participants within 3 months; another 23% were
completed within 6months and 18% within
12 months.

Exploratory analyses. We captured participants’
competing time demands, to understand how these
might impact time to pursue recommended treat-
ments. The CoachMS group worked between 35—
SOhours a week; 4/11 participants had children
(mean age 17.5, SD 11.6 years). The control group
worked between 2-15hours a week; 3/10

participants had children (mean age 22, SD
8.5 years). Larger studies may evaluate the influence
of time allocation on participants’ ability to follow-
through on internal recommendations.

Exploratory outcome: Changes in BAM symptoms
All BAM symptoms showed non-significant
improvements over the course of the study.

Bladder. Among study completers, 7/8 CoachMS
and 5/5 control group participants reported bladder
symptoms. Overall, bladder PROs (BLCS, ABSST-
9) slightly improved (Table 3) by study completion.

Ambulation. Overall, median STEPS increased from
baseline 3,698 (IQR 2,635-7,570), to 4,801 (IQR
2,237-7,598) (p=0.63, 95% CI (4.29, 7.71));
while non-significant, the absolute median differ-
ence was 1,103 STEPS, which surpasses the purport-
ed minimal clinically important difference (MCID;
+/— 800 steps).’” STEPS showed a slight decrease in
CoachMS participants (median —594) and increase
among control participants (41,629, above the
MCID). Of individual STEPS goals established at
week 2, CoachMS participants had a mean goal
attainment percentage of 43%, compared with
47% in the control group (p=0.41) (Table S2).
No difference in self-reported ambulation ability
(MSWS-12) was noted between baseline and week
12, or in the change between groups. Interestingly,
participants who met their STEPS goals in the
3 weeks after the 2-week goal setting televisit were
more likely to also maintain their goals for the
remainder of the study (OR 63, 95% CI (3.3,
1194.8), p=0.006). MSWS-12 showed a higher cor-
relation with free-living activity [STEPS, r=-0.697,
p=0.002, 95% CI (-0.882, —0.325)] than with

Table 3. Patient-reported outcomes at baseline and week 12 (for n =13 study completers).

Outcome Timepoint Mean SD N p value 95% CI

BLCS Baseline 9.40 5.27 5 0.38 -5.02 10.62
Week 12 6.60 3.05 5

ABSST-9 Baseline 17.5 5.66 8 0.37 —4.13 10.13
Week 12 14.5 4.04 4

MSWS-12 Baseline 34.38 11.06 8 0.94 —7.46 7.96
Week 12 34.13 13.89 8

STEPS Baseline 5778 3231 19 0.44 4490 8030
Week 12 6263 3943 19

CES-D Baseline 39.13 6.31 8 0.07 —0.87 15.12
Week 12 32.00 12.44 8

BLCS: Bladder Control Scale; ABSST-9: Actionable Bladder Symptoms Screening Tool; MSWS12: Multiple
Sclerosis Walking Scale; STEPS: average daily step count; CES-D: Center for Epidemiological Studies Depression.
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walking ability in a supervised clinical setting
[T25FW (r=0.523, p=0.038, 95% CI (0.037 —
0.809)].

Mood. At baseline, 4/11 of the CoachMS group and
5/10 control group CES-D scores indicated depres-
sion (score >16), but by week 12, 0/8 CoachMS and
2/5 control group completers were above this thresh-
old. Pooled depression scores improved between
baseline and study end; mean CES-D reduction
was -8.1 points (p=0.073, 95% CI (-0.87,
15.12)), just shy of the 9-point MCID** (Table 3).

Discussion

The CoachMS pilot platform aimed to evaluate the
feasibility of a proactive, interdisciplinary, closed-
loop model to decrease the burden of BAM symp-
toms. We secondarily sought to evaluate whether it
might enhance patients’ follow-through with
evidence-based clinical recommendations to treat
their symptoms.

This study integrated and tested several concurrent,
innovative elements, which is atypical for a study of
this size and duration. As detailed, the mHealth plat-
form (digital surveys, biosensors and televideo) was
used to not only monitor but treat three prevalent,
discrete symptoms and interventions in real-time,
utilizing a multi-disciplinary medical and rehabilita-
tion team. While still embedding these within the
existing clinical care structure. Notably, the study
team appropriately triaged a participant with suicidal
ideation, speaking to the value of frequent and holis-
tic symptom assessment in a chronic and heteroge-
neous disease like MS.

Study retention and participant satisfaction. Overall,
62% of participants completed the study and
reported overwhelmingly positive feedback at the
end-of-study televisit interview. Time burden of
the detailed questionnaires (6 and 12 weeks) was
cited as the primary reason for withdrawal and
may have been magnified by the cohort’s low dis-
ability, high proportion of working professionals
with caretaking responsibilities, and baseline depres-
sion in 9/21 participants. Similar studies*® adminis-
tering surveys every 3 months observed higher
participant adherence, suggesting future studies
could improve adherence by tailoring survey fre-
quency and time burden. Notably, reducing ques-
tionnaire burden should not come at the cost of
missing real-time changes in BAM symptoms.

Participant goal attainment and behavioral change.
Early attainment of STEPS goals after the 2-week
goal-setting visit translated into a greater likelihood
of meeting STEPS goals for the remainder of the
study. The vibration notification when the STEPS
goal was reached could also have been motivational.
More precisely distinguishing between the personal
and environmental factors promoting healthy behav-
ior should be included in future studies.

Shared decision-making and follow-through. While
internal recommendation follow-through was similar
in both groups, the group receiving individualized
coaching (CoachMS) had higher external recom-
mendation follow-through at study completion (e.g.
consulting a specialized PT for balance). Coaching
was designed to facilitate engagement in multiple
health behaviors with educational guidance, as
PwMS prefer shared decision making (positive out-
look, setting goals, and planning ahead).®~°
CoachMS participants were supported based on indi-
vidual circumstances, and received up to 4 reminders
followed by active engagement. This theoretically
contributed to increased attainment of external rec-
ommendations. Nonetheless, anxiety and depression,
or insufficient time or knowledge of available
resources, could still represent barriers to care.

There was a trend for BAM symptoms to improve in
both groups. Both groups received activity monitor-
ing and goal setting, which are likely factors in facil-
itating behavioral change.'®'* However, increased
external recommendation follow-through in the
CoachMS group could reflect improved self-
efficacy due to the coaching intervention. These
factors are also believed to interact with physical
activity goal attainment in MS,* and hence a key
mechanistic outcome in future, larger symptom man-
agement studies. A delayed start study design might
be considered in the future to reduce reactivity or
other confounders, and uncover a true effect of
CoachMS. Further, when planning efficacy studies,
it will be important to consider the timeframe for
improvement. Since bladder and mood symptoms
are often difficult to assess and treat, and access to
rehabilitation or specialty services limited either
geographically or due to insurance coverage, the
time required for stabilization or improvement may
be longer than 12 weeks.

In conclusion, this pilot enabled us to evaluate the
feasibility of a comprehensive intervention, as well
as one proximate mechanism (recommendation
follow-through) by which such an intervention
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might improve symptoms over time. The CoachMS
pilot study represents a promising foundation for
moving digital health research from monitoring to
intervening on symptoms in close to real time.
A longer trial will enable us to assess the impact
of this closed-loop, proactive, integrated symptom
management  digital  platform  on  clinical
improvement.
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