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Abstract
Background: Innovations are essential to meet the needs of people with MS (PwMS), particularly in
addressing delays in diagnosis and treatment, and in supporting patient self-management.
Objectives: To evaluate the real-world use and outcomes of digital technologies and holistic management
strategies for MS at a UK Centre.
Methods: Digital tools for PwMS included Patients Know Best (a personal health record) and
CONNECTPlus® (an educational app). Tools for healthcare professionals included Infoflex (a clinical
database with MSProDiscuss for assessing disease progression). A Healthy Lifestyle Clinic was introduced
to promote brain health. The impact of these interventions on time-to-diagnosis, time-to-disease-modifying
therapy (DMT) initiation, non-elective admissions, and hospital costs was evaluated retrospectively from
2018 to 2023, comparing pre-intervention (2018–2019) with post-intervention (2020–2023) periods, while
accounting separately for COVID-19 years (2020–2021).
Results: Trends indicated a higher likelihood of disease progression in patients with delayed MS diag-
nosis (p < 0.001), and a reduction in time from diagnosis to DMT initiation, from an average of 23.5 to
5.8 months (p= 0.024), post-MS Infoflex disease management database implementation. Non-elective
admissions and healthcare costs also decreased compared to neighbouring hospitals.
Conclusions: Digital and holistic interventions were associated with positive trends in MS care deliv-
ery. Further research is needed to validate these findings.
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Introduction
Multiple sclerosis (MS) is a multifaceted disease with
a high degree of inter-patient variability.1 Due to its
complexity, there is no ‘one size fits all’ approach to
disease management and a tailored approach is
required for people with MS (PwMS); however,
many healthcare systems cannot afford the necessary
time and/or resources required to provide close, per-
sonalised care.2 The findings of a national UK audit
of 70 MS services revealed that most were struggling
with expanding caseloads and staffing shortages.3

These challenges have cost implications, such as
emergency department/non-elective visits by patients
increasing healthcare resource utilisation.

Despite large treatment advances over the last 20 years,
unmet needs in the management of MS remain, includ-
ing prompt diagnosis, treatment optimisation, timely
identification of treatment failure and accurate reporting
of symptoms and relapses by patients.4,5 The preserva-
tion of neurological reserve in PwMS is of the utmost
importance, since ‘time is brain’ and a delay in diagnosis
or treatment initiation can lead to irreversible neuronal
deficits for patients.6 Innovations to increase service effi-
ciency and save money whilst supporting patients
through addressing unmet needs are greatly required.

The NICE guidelines, and others, recommend a com-
prehensive review of care by a neurologist at least
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once per year for PwMS.7–9 Consequently, PwMS
must manage many aspects of their disease day to
day10; however, some may lack the knowledge,
skills and confidence to manage their health and well-
being on a daily basis.11 Self-management interven-
tions can support patients and are associated with
reduced disease burden, improved quality of life for
patients,10,12 lower healthcare utilisation and less
wasteful resource use across primary and secondary
care.13 With the ever-evolving treatment landscape
in MS, there is a pressing need to make the best use
of innovations that support healthcare systems and
enable PwMS to become advocates of their own MS
care.2 Furthermore, beyond disease-modifying ther-
apies (DMTs), it is essential that PwMS receive
support for a more holistic approach to disease man-
agement.14 Provision of lifestyle information and edu-
cation to patients can support their self-management
journey to living well with MS. Healthy living –
through diet, exercise, reduction of modifiable risk
factors and improvement in overall well-being – is
known to be important, not only in the general
health of PwMS but also on their brain health and
MS progression.14–19

Digitisation of healthcare has enabled new dimen-
sions of self-care for people with chronic condi-
tions, and is becoming increasingly relevant for
HCPs in the management of MS.20,21 Digital health-
care for PwMS may include mobile phone apps tar-
geting self-management, such as medication
reminders and reporting of side effects20 and wear-
able technology to assess sleep quality, mood and
fatigue, and measure activity levels, gait, balance
and lower/upper limb function, enabling passive
collection of patient data and patient-reported
outcome measure (PROM) data for a more compre-
hensive, representative assessment of patients
outside of the clinic.20–22,23 For HCPs, these tech-
nologies have the potential to improve disease
assessment, allowing remote tracking of patient
symptoms and better monitoring of lab results,
thus facilitating patient–clinician communication
and supporting more efficient and personalised
disease management.24

In this article, we describe real-world application and
resulting outcomes of cutting-edge digital technolo-
gies (integrated with existing electronic health
records) and holistic disease management approaches,
aimed at enhancing personalised MS patient care
within the Torbay and South Devon National Health
Service (NHS) Foundation Trust, in the United
Kingdom.

Methods
This was a retrospective service evaluation conducted
over a five-year period from 2018 to 2023 at Torbay
and South Devon NHS Foundation Trust. The study
period was divided into a pre-intervention baseline
(2018–2019), an early implementation phase with the
introduction of digital tools in 2020, and a post-
intervention period (2020–2023) to evaluate longer-
term outcomes. The COVID-19 pandemic (2020–
2021) was accounted for separately to isolate any poten-
tial effects on healthcare delivery. The study flow is illu-
strated in Figure 1.

Patient digital tools
MS Patients Know Best (PKB): PKB is a personal
health record system for PwMS, that provides a
single access point for their health information,
allowing users to share selected information with
healthcare providers (HCPs), family, and carers.25

Key features of PKB are summarised in
Table 1.25,26 Integrated with the NHS app, PKB
enables entry of patient-reported outcome measures
for ongoing monitoring of disease status
(Supplementary Figure 1).25

A trial of PKB involving 100 PwMS over a 3-month
period in 2021 demonstrated initial engagement, with a
dedicated coordinator assisting in platform facilitation.
Following this time, these 100 registered users were
allowed and encouraged to continue using the platform.

CONNECTPlus® App: The CONNECTPlus® app
offers video information, mindfulness and well-being
podcasts, hospital contact details, and virtual appoint-
ments for PwMS, supporting remote self-
management and access to care (Supplementary
Figure 2).27 Key features are summarised in Table 1.

Healthcare professional digital tools
MS Infoflex: This clinical management database pro-
vides a comprehensive, real-time view of patient
information, replacing paper-based systems and sup-
porting clinical decision-making with automated
alerts. Key features are provided in Table 1.28

MSProDiscuss on InfoFlex: MSProDiscuss, inte-
grated within Infoflex, is a validated digital tool that
assesses patient relapses and symptom impacts over
the past 6 months (Supplementary Figure 3). It uses
a traffic light system to predict disease progression
risk, aiding in proactive management. Red indicates
a patient likely showing signs of progression;
‘amber’, a patient who could possibly be showing
progression signs; and ‘green’, a patient unlikely to
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be showing signs of progression, at a given point in
time (Table 1).29,30

Healthy lifestyle clinic (HLC)
A Healthy Lifestyle Clinic, introduced in 2019, edu-
cates newly diagnosed PwMS and their families on
disease management and healthy living. During
COVID-19, HLC sessions were conducted online.
The clinic received the Brain Health Team Award in
2022. Key features of the HLC are provided in Table 1.

Data analyses
All service evaluation data were collected retrospect-
ively. The analytical approach was primarily descriptive,
complemented by robust quantitative assessments. The
study period was divided into a pre-intervention baseline
(2018–2019), the introduction of digital tools in early
2020, and a post-intervention period (2020–2023). The
potential effects of the COVID-19 pandemic on health-
care delivery were accounted for separately, covering
the years 2020 and 2021.

Utilisation and satisfaction metrics for MS PKB were
derived from site-specific data, encompassing user

counts, demographics, login frequency, and feedback
collected after first use and again one month later. The
impact of digital interventions on patient outcomes
was evaluated with respect to time from official diag-
nosis to DMT initiation, variations in MSProDiscuss
scores relative to the time since diagnosis, and
non-elective admission rates, along with associated
cost implications, before and after digital tool imple-
mentation within the Trust.

To quantify the effectiveness of these interventions, a
linear trend model was applied to a dataset of 482 mod-
elled observations using Tableau (v2023.2), analysing
the time from symptom onset to diagnosis against the
sum of standardised total MSProDiscuss scores.
Additionally, a Chi-squared test was carried out in
Python (v3.11) to assess differences in time to DMT
initiation between the pre- (2018–2019) and
post-Infoflex (2020–2023) periods. A two-tailed ana-
lysis was conducted with an alpha value set at α= 0.05.

Admissions and the causes of admissions for PwMS,
as well as the associated costs, were assessed using
the Hospital Episode Statistics (HES) data service

Figure 1. Flowchart for study participants.
HLC: healthy lifestyle clinic; MS: multiple sclerosis; RRMS: relapsing remitting MS; YMSQ: your MS questionnaire.
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Table 1. Summary of the digital and holistic interventions implemented for care of PwMS.

Tool Key features

Interventions for
patients

MS PKB • Platform with single point of access to health information
• Fully integrated with UK NHS app, enabling easy login and

access
• Allows addition and sharing of information with HCPs, family

and carers
• Enables remote self-management, e.g. appointment schedules,

letters, test results
• Can link health information from other sources, e.g. primary

care team, for notes and vaccination status
• Email and text function for contact with healthcare team
• Links to educational materials and information library
• Allows manual or passive (via wearable tech) entry of PROM

data
YMSQ • Integrated questionnaire on MS PKB

• Supports preparation for consultations with HCPs by assessing
symptoms over previous 6 months, (e.g. number of relapses,
degree of recovery, impact on daily functioning and emotional
well-being)

• This links to the HCP platform MS Infoflex
• Enables tailoring of consultations to focus on the most pertinent

points
CONNECTPlus® • App that provides video information, mindfulness and

well-being podcasts
• Details contact information for the hospital MS Team, and

signposting to MS charities
• Allows access to virtual appointments for PwMS
• Signposts to MS PKB for symptom tracking, access to lab

results and communication with HCPs
HLC • A 2–3 h session, composed of:

• 1-h presentation on healthy living in MS
• Group Q&A
• 1:1 sessions with the clinical team for personal advice

• Attendees have the opportunity to ask questions and meet with
other PwMS and their families

• Interactive session highlights the considerable benefits of not
smoking, a healthy diet, exercise, sleep, vitamin
supplementation, social connection, mental stimulation, and
meditation

Interventions for
HCPs

MS Infoflex • Shared clinical management database
• Allows a single view of patient information, replacing

paper-based systems
• Provides real-time information to support clinical

decision-making and patient care
• Allows HCPs to spend time in appointments focusing on what

is most clinically important
• Improves safety via monitoring of patient responses, adverse

events and adherence to medicines
• Provides real-time automated alerts for abnormal or missed

blood tests

(continued)
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from NHS hospitals. This focused on healthcare util-
isation and hospital admissions related to Multiple
Sclerosis (MS) and Urinary Tract Infections (UTIs).
HES data provided comprehensive records on hos-
pital admissions, readmissions, and healthcare costs,
covering both MS and UTI-related episodes. Costs
were calculated based on hospital admissions, includ-
ing diagnostics, treatments, and length of stay, with
adjustments made using NHS reference costs. DMT
costs for MS patients were included, reflecting both
inpatient and outpatient treatments. Inflation adjust-
ments were made to account for cost differences
over the five-year period.

Ethical statement
This service evaluation was judged by the Torbay and
South Devon NHS Foundation Trust institutional
review board to be exempt from requiring ethical
approval. Data has been compiled from current data-
bases and there was no direct patient participation.
Patients volunteered and gave written, informed
consent to the collection of opinions, user metrics
and anonymised data.

Results

Implementation and utilisation of digital tools at
Torbay and South Devon NHS Foundation Trust

MS patients know best (MS PKB). Following the
PKB platform Pilot launch and demonstration in
July 2021, 100 PwMS registered, with most accessing

the platform via the NHS App. At registration, the
majority of patients were female aged 55–64 years,
followed by female patients aged 45–54 years
(Supplementary Figure 4). The most common diagno-
sis among the users was relapsing remitting MS
(67.2%) followed by progressive relapsing MS
(14.8%) and secondary progressive MS (9.8%).

During the 3-month pilot, there was a peak in the
number of logins and unique users for PKB; post-
pilot, there has been a consistent number of logins,
with active users ranging from 20 to 39 per month
(Figure 2(a)).

Patients were polled for their initial feedback follow-
ing attendance at a demonstration event, and then
again following one month of use. On first impres-
sions, over 96% of patients agreed or strongly
agreed that PKB looked like a helpful platform.
Over 93% of patients strongly agreed or agreed that
Your MS Questionnaire (YMSQ), a tool to help
them prepare for their consultations, would help
with discussion of their disease activity and symp-
toms (n= 60). Additional initial patient feedback is
provided in Supplementary Box 1.

Following one month of use, 44% of patients strongly
agreed or agreed that using MS PKB had given them
more confidence in self-managing and living with MS
(n= 25), and 76% would recommend using it over
to other PwMS. For most patients, the YMSQ took
less than 10 min to complete (n= 22), and 73.9%

Table 1. Continued.

Tool Key features

• Produces automated clinical letters
• Provides summaries of clinical assessments
• Allows remote monitoring to reduce unnecessary hospital visits

MSProDiscuss • Easy-to-use diagnostic, prognostic tool to forecast risk of
future disease progression

• Completed for each patient in clinic, helping physicians to have
structured conversations with patients

• At a given time point:
• A score ≥58 indicates ‘red’, a patient likely showing signs

of progression
• A score of >46 and <58 indicates ‘amber’, a patient who

could possibly be showing progression signs
• A score ≤46 indicates ‘green’, a patient unlikely to be

showing signs of progression

HCP: healthcare professional; HLC: healthy Lifestyle Clinic; NHS: National Health Service; PKB: Patients Know Best;
PROM: patient reported outcome measures; PwMS: people with MS; YMSQ: your MS questionnaire.
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strongly agreed or agreed that YMSQ would help
towards better discussion of symptoms and disease
progression with their HCP. Additional patient feed-
back on MS PKB following 1 month of use is pro-
vided in Supplementary Box 2.

The most frequently accessed and utilised parts of the
PKB platform by patients include ‘Lab Results’,
‘Messaging or Consultations’, ‘Measurements’ and
‘Care Plan’ (Supplementary Table 1).

CONNECTPlus® app. Since its launch in April
2021, 900 PwMS have registered to use the
CONNECTPlus® app; of these 33% are aged 35–44

years, 50% are aged 45–54 years and 17% are aged
55–65 years. Most patients (92.7%) use the app via
a mobile phone device rather than a tablet. Since its
launch, there has been a consistent number of users
and logins/sessions (Figure 2(b)). Overall, patient
opinion of the CONNECTPlus® app was positive
(feedback is given in Supplementary Box 3).
Between October 2022 and August 2023, there were
210 active users from Torbay and South Devon
Healthcare Trust, with an average of 3.1 sessions
per user. The most popular content during this time
was videos, ‘Learn About’ articles, podcasts and
blogs, and other articles relating to exercises and self-
management (Supplementary Table 2).

Figure 2. (a) Number of monthly active users (>1 login) of the MS PKB tool during 2021 and 2023, following a 3-month
pilot period between July and September 2021, out of a total of 100 registered users. (b) Number of users and sessions of the
CONNECTPlus® App between October 2022 and August 2023, out of a total of 210 active users.
PKB: Patients Know Best.
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Healthy lifestyle clinic (HLC). Patient and family
feedback on the HLCwas positive. In a poll of 37 atten-
dees (29 PwMS and 8 family members), 100% stated
that the amount of information provided and the
length of the clinic, were “just right”. Additional feed-
back included: “the clinic made me think of more
ways I can helpmyself in theway I live”, “I feel positive
about making healthier lifestyle choices”, “I don’t feel
so alone”, “meeting everyone that has MS and also
others caring for someone with MS was really good
and makes you feel part of something”, “it was really
useful to have different professionals talking about
MS together”, and “it was very informative”.

Impact of digital technology and holistic care

Trends towards improved patient management and
early detection. The MS Pro Discuss score provides
an idea of the likelihood of disease progression in an indi-
vidual patient. Real-world data collected via
MSProDiscuss on MS Infoflex database shows a correl-
ation between score and increased time from symptom
onset to diagnosis (Figure 3). Applying a linear trend
model to a dataset of modelled observations showed stat-
istical significance (p<0.0001, r=0.06), suggesting a
higher likelihood of disease progression (red scores) in
patients with a delayed MS diagnosis (Table 2).
Assessment of the long-term impact of these interventions
was not possible due to insufficient follow up duration.

Since launching the MS Infoflex database and inte-
grated MSProDiscuss assessment, the average time
from diagnosis to initiation of DMTs has decreased
from 18 months prior to use of Infoflex to 0.7
months (green scores). This trend is true for patients
with all MSProDiscuss scores (Figure 4; p= 0.024).

Trends towards reduction in non-elective admissions
and cost savings. We observed a reduction in total
non-elective admissions and resulting costs for
Torbay and South Devon Trust versus other neigh-
bouring healthcare trusts. Furthermore, in the year
2021–22, there was a cost saving of almost 18% on
the previous year (Figure 5(a)). Neighbouring Trusts
had costs related to non-elective admissions that
were the same or more than the previous years. In
the year 2022–23, there was a small increase in
costs related to non-elective admissions of around
5% for Torbay and South Devon Trust versus the pre-
vious year (Figure 5(b)). Other neighbouring Trusts
experienced much larger increases in costs related to
non-elective admissions versus the previous year, of
around 20–30% more.

Trend towards reduction in Emergency Department
(ED) admissions for healthy lifestyle clinic
attendees. With attendance to the HLC for newly
diagnosed patients, there was a trend towards a reduc-
tion in ED admission for these patients, during the
same period, however, the time frame did overlap
with the COVID-19 pandemic (Figure 6).

Discussion
The implementation of innovative, integrated digital
technologies and a holistic Healthy Lifestyle Clinic
(HLC) at South Devon and Torbay Healthcare Trust
has shown early promise. Initial trends suggest these
new approaches may help address some persistent chal-
lenges in MS management, such as improving the
accuracy of symptom and relapse reporting by patients
and supporting PwMS in self-managing their health and
well-being more effectively. This retrospective evalu-
ation spanned five years (2018–2023), with a pre-

Figure 3. Impact of Symptom-to-Diagnosis Lead Time on Disability (n= 482).
MSProDiscuss Score Coefficient: 0.126 (95% CI: 0.082–0.170, p < 0.0001), R2 = 0.062. A statistically significant but weak
positive correlation was observed between longer symptom-to-diagnosis times and higher MSProDiscuss disability scores.
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intervention baseline (2018–2019), the introduction of
digital tools in early 2020, and a post-intervention
period (2020–2023), allowing a comprehensive assess-
ment of these interventions. The COVID-19 pandemic
(2020–2021) was considered separately to account for
its potential impact on healthcare delivery.

While digital technology has the potential to revolu-
tionise healthcare, it is important to not use technology
merely for technology’s sake and ensure that innova-
tions are implemented for the right reasons in the
right way. Evaluation of patient opinions is an import-
ant part of assessing the effectiveness and satisfaction
of new technology. Tools should not be overwhelming
or complicated. Indeed, the aim is not to add unneces-
sary steps or bureaucracy, but to simplifying lifestyles
and healthcare routines through clever utilisation of
time and resources. In South Devon and Torbay, the
integration of new technologies seems to have sup-
ported implementation, aiming to simplify processes
and reduce the risk of overwhelming patients. Early
user feedback on the use of MS PKB, the
CONNECT app, and the HLC has been positive,
with several patients suggesting that these tools may

enhance their healthcare experience. Given that
PwMS sees their neurologists around once per year,
it is important that they make the most out of their
face-to-face appointment time.31 The YMSQ helps
facilitate conversations between patients and HCPs,
is relatively quick to complete, and can guide discus-
sions towards what is most important for the patient.
It may also save time for HCPs by helping to identify
quickly key areas to focus on during the consultation.

The introduction of MS Infoflex has helped HCPs
save time and may enhance safety monitoring.
Introducing the assessment of longitudinal data, it
could further support earlier interventions with
DMTs and assist in identifying potential treatment
failure, adherence, or safety concerns in a timelier
manner. With the integration of MSProDiscuss into
Infoflex, there is a potential trend towards earlier ini-
tiation of DMTs for more patients, which may help
preserve brain health and possibly slow disease pro-
gression in the longer term. The preliminary findings
suggest that if people are in the green scoring range,
but were formally diagnosed 10 years after the onset
of MS symptoms, there is a higher likelihood that

Table 2. Linear trend model statistical analysis to investigate the impact of diagnosis delay on disease
progression, following collection of MSProDiscuss scores on the Infoflex database.

MSProDiscuss Pre-Infoflex (2017–2020) Post-Infoflex (2020–2023) All of time period (2017–2023)

Green 0.529565 0.40507 <0.0001
Amber 0.584781 0.782376 0.215753
Red 0.941778 0.003868 0.017676
Overall R2 value 0.133521 0.231063 0.312271
Overall P value 0.601253 0.0593 <0.0001

Figure 4. Time between diagnosis and initiation of DMTs in PwMS by MSProDiscuss score, pre- and post-launch of MS
infoflex database (n= 156).
DMT: disease-modifying therapy; PwMS: people with multiple sclerosis.
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they will move into the red scoring range and progress
further. This supports evidence that delayed MS diag-
nosis and treatment causes more disability over the
time.32–35 Early diagnosis and intervention is crucial
to preserve brain health, and perhaps digital technol-
ogy can assist with this further.

Following the MS PKB pilot, future directions for the
Trust include a wider roll-out of the platform. Use of
MS PKB plateaued following the pilot, demonstrating
that dedicated coordinated support is required for effi-
cient engagement to such digital platforms. The Trust
is also implementing the use of augmented reality
(AR) for PwMS and the HCPs involved in their care.
The AR-MagicLeap 2 technology involves a head-
mounted display unit, allowing the creation of AR
MS clinics. Nurses can visit PwMS in the comfort of
their own home but connect to the consultant neurolo-
gist in real time, enabling them to work collaboratively
to review the patient, conduct assessments (upper and
lower limb function, saccadic eye movements, speech,
cognition and fatigue), and communicate with their
patients at home. Patients will be able to view their
own MRI scans in 3D, and HCPs will be able to
view a patient in 3D, to analyse gait and assess the
domestic environment, thus helping to identify indivi-
duals at risk of hospitalisation and falls.36 Ultimately,
there is the potential to feed raw data into artificial

intelligence (AI) applications. It is thought that
machine learning algorithms can be taught to identify
patterns and alterations in patient data, analyse MRI
scans and predict relapses and disease trajectories,
allowing personalisation of disease treatment and inter-
vention monitoring. Ultimately, it is possible that the
patient journey could be coordinated by doctor’s AI
assistants (Supplementary Figure 5).

Limitations of the current work include that this was a
service evaluation rather than a formal research study
designed to detect statistical significance, meaning
only trends in the data can be observed rather than
definitive conclusions drawn. The simultaneous intro-
duction of several digital tools and holistic strategies
makes it difficult to isolate the specific impact of any
one intervention. Additionally, the lack of longitudinal
follow-up data limits the ability to assess the long-term
benefits of these innovations. Furthermore, the potential
influence of the COVID-19 pandemic on healthcare
delivery may have affected the outcomes, making it
challenging to differentiate the impact of the pandemic
from the interventions studied.

However, the study’s strengths lie in its real-world
application of these technologies in a clinical
setting, offering practical insights. The evaluation
spans a five-year period, providing a comprehensive

Figure 5. Cost of non-elective admissions in (a) 2021–22 (N= 15,620) and (b) 2022–23 (N= 18,360) for Torbay and South
Devon versus neighbouring healthcare trusts.
Note: Contains information from NHS England, licenced under the current version of the Open Government Licence.
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view of the impact on MS care, even accounting for
the pandemic’s disruptions. Initial trends suggest
that digital tools like MS PKB, CONNECTPlus, and
Infoflex may help reduce the time to diagnosis and
DMT initiation, contributing to enhanced patient
care. Although further validation is needed, the find-
ings point to the potential for these innovations to
improve MS service efficiency and patient outcomes.

In conclusion, preliminary the use of holistic disease
management and innovative digital technologies at
Torbay and South Devon Trust has better enabled per-
sonalised care for PwMS, in a more timely and cost-
effective manner, with positive outcomes for patients.
However, further validation is necessary to confirm
these findings, especially concerning long-term out-
comes and broader applicability. Future research
should focus on extended follow-up periods and
explore the potential impact of digital tools in a
formal controlled study.
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