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Abstract

Objectives: To investigate through survey and data linkage, healthcare resource use and costs (except
drugs), including who bears the cost, of multiple sclerosis in the United Kingdom by disease severity
and type.

Methods: The United Kingdom Multiple Sclerosis Register deployed a cost of illness survey, completed
by people with multiple sclerosis and linked this with data within the United Kingdom Multiple
Sclerosis Register and from their hospital records. Resource consumption was categorised as being
medical or non-medical and costed by National Health Service and social services estimates for 2018.
Results: We calculated £509,003 in non-medical costs over a year and £435,488 in medical costs
generated over 3 months. People with multiple sclerosis reported self-funding 75% of non-medical
costs with non-medical interventions having long-term potential benefits. Costs increased with disability
as measured by patient-reported Expanded Disability Status Score and Multiple Sclerosis Impact
Scale, with Multiple Sclerosis Impact Scale physical being a more powerful predictor of costs than
the patient-reported Expanded Disability Status Score. Two distinct groups were identified: medical and
non-medical interventions (n = 138); and medical interventions only (n =399). The medical and non-
medical group reported increased disease severity and reduced employment but incurred 80% more
medical costs per person than the medical-only group.

Conclusions: The importance of disability in driving costs is illustrated with balance between medical
and non-medical costs consistent with the United Kingdom health environment. People with multiple
sclerosis and their families fund a considerable proportion of non-medical costs but non-medical inter-
ventions with longer term impact could affect future medical costs.
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register

Date received: 20 August 2019; Revised received: 23 December 2019; accepted: 29 December 2019

Introduction guidance recommendations for treatment use in

Over the past 20 years, health economic analyses of
treatments for people with multiple sclerosis
(PwMS) have received increasing attention in
health policy. This has arisen from the need to bal-
ance the increasing cost of MS therapy against its
benefits. In the United Kingdom (UK) this has been
principally driven by the National Institute for
Health and Care Excellence (NICE), which makes

England. In NICE single technology, appraisals of
MS treatments' utilise data to estimate the personal
and social service costs by disease severity catego-
ry>* that is balanced against the costs of therapy.
The appropriateness of the data used has been ques-
tioned and it is widely accepted that data available to
inform the assessment of the cost-effectiveness of
treatments for MS are sparse and uncertain.’
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The economic impact of MS is substantial and in the
UK MS has been estimated to cost £1.4 billion per
annum.® In surveys of nine European countries, the
estimated societal costs of MS were in the region of
€18,000-€62,000 per patient per annum (pppa) at
current estimates around 126,000 people with MS
in the UK.” The categories of costs used have tradi-
tionally been aggregated, making it difficult to sep-
arate costs paid for by individuals out of their own
pockets from those that relate to NICE reference
items or from other agencies — charitable or other-
wise. There is limited empirical evidence on the UK
costs of health and social care for people with MS,’
with a particular lack of detail regarding resource
use, costs by disease type and by disability typically
measured by the Expanded Disability Status Score
(EDSS).®

The UKMS Register (UKMSR) is one of the largest
repositories of Patient Reported Outcome Measures
(PRO) in Europe, with more than 300,000 individual
responses collected over 9 years. These PRO data
are linked to patients’ healthcare records provided
by National Health Service (NHS) hospitals allow-
ing for diagnostic validation and deep record linkage
on a proportion of the cohort.’

Utilising the access to MS patients afforded through
the UKMSR'? we set out to establish a comprehen-
sive range of 1) medical resource use, excluding
disease-modifying therapy (DMT) costs, and how
they are funded and 2) non-medical resource use
for pwMS. We also aimed to understand in detail
who bears the cost of the non-medical resource
use. Resource use was then quantified by disease
severity as measured by PROs and the patient-
reported (pr) EDSS score.'!

Methods

Recruitment

Participants of the UKMSR (ethical approval: South
West Central Bristol National Research Ethics
Service 16/SW/0194) who were both on the web
portal and linked through their NHS centre and
fitted the eligibility criteria (18 years of age and
had a validated diagnosis of MS from a neurologist)
were emailed about the survey. On accessing the
UKMSR website they were automatically presented
with a participant information screen and a consent
form for the questionnaire. Populations analysed
included the responders, the email contacted popu-
lation and the total UKMSR population.

Questionnaire

The online health resources usage questionnaire
(HRUQ) (Appendix, Figure 1) consisted of eight
high-level topic questions that defaulted to a ‘No’
entry if no answer was given. Participants actively
selected ‘Yes’ to see the resulting sub-questions.
Topics included: unplanned/emergency admission;
planned inpatient hospital admissions (arranged in
advance and including an overnight stay); planned
day case hospital admissions (1 day, without staying
overnight); investigations/tests; rehabilitation; nurs-
ing home/sheltered living/day care centre; and
investments in adaptations/modifications.

Questionnaires could be completed by the partici-
pant themselves and/or their representative.

Participants were asked to provide details of their
medical interventions for the past 3 months. For
adaptations (including wheelchairs) and modifica-
tions to the home, a recall period of 12 months
was used. Unit costs were applied to derive the
cost per MS item for the recall period.

For a number of items, additional questions were
asked to allow a distinction to be made between
NHS and Personal Social Services funded costs
and costs paid for by the participant. The HRUQ is
not a validated instrument in MS, although it con-
tains elements that have been asked in other costs of
illness studies in MS research. However, all the
questionnaires that these responses were linked to
have been validated in MS.

Completed questionnaires are marked as ‘complete’
by the questionnaire engine within the UKMSR. This
means all required fields have been finished and the
participant has clicked the ‘submit survey’ button
when they finish answering. The Register engine
also periodically saves questionnaires as participants
go through their responses. Normally these results are
discarded once the submit survey button is pressed
and the form sent. However, if more than 60% of a
survey is completed and the form is never submitted
(authentication time out, browser closed, network
failures) those responses are kept as ‘partials’.

Questionnaire responses were linked with PRO data
collected as part of the UKMSR web portal:
prEDSS, ' normalised MS Impact Score 29v2: phys-
ical (MSIS-physical) and psychological (MSIS-psy-
chological) sub-scores,'*'* and demographic data
including MS disease type at the time of completing
the questionnaire; gender; current age; age of disease
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Medical funded: 435,489

Nen-medical Qut of pocket: 383,430

Non-medical Service/charity funded: 125,573

Unplanned admissions: 101,034
Planned admissions: 22,729
Day cases: 121,305

Rehabilitation: 20,245 I

MNursing Homes: 34,176
Consultations: 110,762

Tests: 25,238

Build downstairs extensions for bedroom/ WC/washroom: 183,176

Level access to shower: 126,950

Car adaptations: 59,074 I
Create ramp to front/back door: 5,010
Other: 37,435
Convert room or downstairs WC/washroom: 64,566

Create step to front/back door: 7,420
Fit overbath shower: 15,372

Figure 1. Sankey diagram illustrating the funding flow for 3 months medical and 12 months non-medical costs (Other:
combined costs from stair-lifts, raising electrical sockets/lower light switches, wheelchairs, purchase of items to help with
daily activities, laying new paths, widening doorways for wheelchair access, installing lighting to outside steps/path,

fitting handrails and moving beds downstairs).

onset; employment status;'* educational achieve-
ment;'> household composition'® and whether they
were currently on an MS DMT. To avoid small cell
counts, where required participants were grouped
together into suitable categories. Data on current
DMT use were only collected in the responder
group as they have visited the portal to update it as
part of completing the questionnaire.

Costs calculation and data analysis

Unit costs, expressed in current year British pounds
sterling (GBP, £), were derived from NHS Reference
Costs'” and Personal Social Services'® costs.
Maximum and minimum potential costs were calcu-
lated using the limits of these estimates and a mid-
point between these limits utilised in average cost
estimates. Medical and non-medical costs were
derived according to Giovannoni et al.'” Medical
costs calculated from the responses for 3 months

were multiplied by four to allow presentation of
results as annual cost estimates as set out by Tyas
et al.®> Costs pp were derived by dividing the total
costs by the number of people generating that cost.
Study data were collected using REDCap electronic
data capture tools hosted at Swansea University
Medical School.*° Data were staged in a Microsoft
SQL Server 2014 database and analyses were per-
formed using SPSS*' and R.** The chi-square test
was used to establish the association between cate-
gorical variables. The Student #-test was used to
compare average costs between groups.

Results

Study population
From the UKMSR population of 13,244 patients, on
1 November 2018, 3035 subjects were contacted by
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email, 621 consented (20.4% response rate) and of
these 537 completed sufficient data to be included in
the analysis (481 were complete and 56 partially
complete). The average age at diagnosis and age
completing the survey is 41 and 51 years respective-
ly, with most respondents having relapsing-remitting
MS (60%) (Table 1).

The responder population was compared to all those
contacted by email and the UKMSR population
(Table 1). Compared to the contacted population
responders were older, had an older age of diagnosis
and higher levels of progressive MS vs relapsing MS
(Primary Progressive [PP] or Secondary Progressive
[SP] vs Relapsing Remitting [RR] MS, y*=32,
p<0.0001 excluding missing/benign values), but dis-
ability was not different (prEDSS <6 vs >6, x°=32,
p=0.1, excluding missing values). In contrast, com-
pared to the total UKMSR population the responder
population was younger with a later age of diagnosis
and lower levels of progressive MS (PP or SP vs RR,
x2=4.7, p=0.031 excluding missing/benign values)
and disability was lower than the UKMSR popula-
tion (prEDSS <6 vs >6, y*=11.6, p=0.0007,
excluding missing values).

Medical and non-medical costs in the UKMSR
population

A complete list of the medical and non-medical costs
included in the study is given in Table 2 below. In
total 6935 interventions were recorded in 537 people
with an estimated mid-range total cost of £435,488
(£3244 pppa) for medical costs (Appendix, Table 1)
over 3 months. Non-medical (Appendix, Table 2)
interventions equating to £504,012 (£939 pppa)
costs were incurred over 1 year. Thus, when extrap-
olating the medical costs from 3 months to 1 year,
over | year non-medical costs made up 22.4% of all
costs. In Figure 1 it is clear there were no ‘out of
pocket’ expenses for medical costs whereas non-
medical costs are predominantly covered by out of
pocket expenses. Day-case appointments formed the
largest medical cost group, closely followed by con-
sultations. The bulk of consultation costs were gen-
erated through interaction with MS specialist nurses,
physiotherapy and neurology services. People with a
relapsing-remitting MS disease type reported the
greatest use of consultations, generating 73% of
all the neurology costs and 68% of MS nurse
costs. Of the 138 participants with non-medical
costs, the recollected costs range from the purchase
of a simple aid to major home extensions with the
major costs coming from home adaptations
(Figure 1). It emerged that in contrast to the medical

costs, the non-medical costs were not recurrent.
Overall 75% of these costs were reported as out of
pocket expenses; the other 25% were mainly funded
by a combination of NHS and social services/local
authority funds, with 5% provided by -charity
organisations.

DMT is associated with lower medical and
non-medical costs

Of the responder group, 16% were on a DMT when
they took part in the survey. However, 205/537
(38%) had been on a DMT at some point. The
16% of responders known to be taking MS DMTs
have a different disease severity profile to those not
known to be taking DMTs. We found 62% of them
had a prEDSS score of less than six, as opposed to
42% in the DMT naive group. The DMT group is
also demonstrably more active, as defined as being
still in employment, (3> = 5.6, p<0.02). Not includ-
ing the costs of DMTs themselves, the medical and
non-medical costs for those on a DMT were lower
pp- Overall the costs generated by the DMT group
was £781 pp as opposed to £1,935 pp in those not
known to be taking DMTs.

Impact of population demographics, employment
status and education on costs

The demographic profile of pwMS had an impact on
costs. Medical costs were highest in the youngest
age group (18-34 years) and those with primary pro-
gressive MS generated the highest medical and non-
medical costs pppa.

Those classified as being inactive (unemployed)
generated medical costs approaching double that of
those who were economically active pwMS.
However, the active group had 37% of non-
medical costs paid by service providers, compared
to 11% in the inactive group.

Almost 70% of the study population have higher
than secondary school education: 34% have an
occupational diploma or certificate, 22% a bache-
lor’s level degree and 13% a postgraduate qualifi-
cation. Of those with known educational status, the
highest medical costs were generated by those with a
bachelor’s degree school education, at £4711 pppa.
Those with a university degree were able to secure
non-medical cost funding of 47% through service
providers, compared to just 10% from people with
secondary school education. The proportion of fund-
ing for non-medical interventions varied by house-
hold composition, with retired couples receiving just
2% and ‘other adult households’ securing 67% from
service providers.
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Table 2. Medical and non-medical costs included in the study.

Increasing disability increases medical and
non-medical costs in the UKMSR population

In total, 45% of the study sample have a prEDSS
score between 0 and 5.5. A further 40% have a
prEDSS of 6 or more. We confirmed that the cost
profile with increasing disability score was similar
for the prEDSS compared to an earlier measure of
disability based on the EDSS (Appendix, Figure 2).
Using the prEDSS we demonstrated a fluctuating
range of medical costs across the range of EDSS,
increasing rapidly from EDSS 7 and higher. Non-
medical costs pp occur predominantly among those
with an EDSS of 6 or more and are greatest for those
with an EDSS score of 7.0 (Figure 2(a)). For both the
MSIS-physical and psychological scores, the
medical costs pp increase gradually with severity.
Non-medical costs increase more dramatically by
physical score than by psychological score with
increasing severity (Figure 2(b)). Stepwise multivar-
iate analysis of a complete dataset (n=445) was per-
formed using medical and non-medical costs as

separate outcomes, with the variables: age, age at
diagnosis, gender, MS type, employment, education,
household, DMT use, prEDSS and MSIS physical
and psychological scores. For non-medical costs
(adjusted R? 0.048, p=0.017) two variables were
included employment (estimate 95% confidence
intervals (upper, lower): 370.1043 (-92.5, 832.7),
p=0.117) and an increasing MSIS physical score
(57.43 (34.6, 80.3), 0.0028) and for medical costs
two variables were included: (adjusted R 0.042,
p=0.019) being of a younger age (-21.5 (-37.8,
-5.3), p=0.0096) and an increasing MSIS physical
score (17.0 (8.5, 25.4), p=0.0004).

Non-medical costs are associated with higher
medical costs and more advanced MS

Given the nature of the non-medical costs we iden-
tified earlier, we investigated this group in more
detail. The average medical cost in the 138 pwMS
with non-medical costs was £1211, significantly
increased compared to £673 in the 399 pwMS with
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Figure 2. (a) The total medical and non-medical costs pp reported by people with multiple sclerosis (pwMS) (n=455)
with a patient reported Expanded Disability Status Score (prEDSS) score. (b) Total medical and non-medical costs by
Multiple Sclerosis Impact Scale (MSIS) physical (»=521) and psychological component (n=521).

no non-medical costs (p <0.004). In addition, the
non-medical population, despite having a similar
gender ratio, age of onset and age at completing
the questionnaire, had more progressive disease
and higher disability in terms of prEDSS
(Figure 3) and MSIS physical and psychological
scores (Table 3).

Discussion

The UKMSR is a UK-wide population that focuses
on using PROs via a web interface together with
clinical input via a network of 46 NHS centres.
PROs have the potential to give a deeper understand-
ing of the impact MS has on the person and offer a
wider view of the disease but are often not anchored
to clear outcomes. Together with the UK-wide span
of the MS Register, this led us to generate a nation-
wide snapshot of costs but for the first time to gen-
erate costing based on PROs and to integrate
detailed medical and non-medical costs for pwMS
aiming to understand where the burden of non-
medical costs impacts most.

Previous studies have targeted different populations
that are either MS centre* or community based.*
The UK-wide and community-based structure of
the UKMSR backed up by NHS centre involvement
is a strength but there are limitations to this study.
This study targeted subjects by email who had
signed up to the UKMSR both via the web portal
and through an NHS centre independently confirm-
ing their diagnosis. However, the population attend-
ing NHS centres is more likely to have RRMS and
this was reflected in the contacted population. The
responder group were more severely affected than
those contacted by email but in turn they were less
severely affected than the UKMSR registry popula-
tion as a whole, with lower levels of progressive MS
and lower disability. DMT use in the responder pop-
ulation is lower (16%) than in prior UK and
European populations making the applicability of
our results unclear.® However, it is difficult to
make a direct comparison with other studies as the
question was whether they were on DMTs when they
completed the questionnaire and we relied on pwMS
to update this field; we could confirm that 38% had
being on DMTs at some point in their disease
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Comparison of medical costs per person by people with or without non-
medical costs

4,500 B medical costs

3,500

3,000

£ per person

2,000

01 2

) I I I I I I
3 4 5 6 6.5 7

medical and non-medical costs

849

prEDSS score

Figure 3. Comparison of medical cost per patient per annum (pppa) for those with non-medical and medical costs.
Excludes people who only reported a single non-medical cost for the purchase of items to help with daily activities. This

has been done to eliminate small number effects.

pathway, which is more consistent with prior UK
DMT use. We relied on pwMS to remember inter-
ventions and this led us to capture medical and non-
medical costs over different timeframes as longer
timeframes rely on memory, which can be an issue
for pwMS; this is an issue affecting all such surveys.
Although the questionnaire was not validated for
completion by pwMS and their representatives, it
was built from other questionnaires that had been.
In addition, the answers defaulted to no, thus we
could have underestimated costs if a participant did
not want to answer.

Using a questionnaire based on the MS HRUQ,
adapted for the UK based on previous cost of illness
studies,>* we have demonstrated a similar pattern
of medical costs based on disability using the
prEDSS that have previously been seen with the
clinical EDSS.®> We have extended these observa-
tions using an established UK-wide community-
based population where a wide range of prior
PROs were available including the PRO, the
MSIS-29, an outcome that is associated with an
increasing risk of mortality.”® In line with the
prEDSS and EDSS we find that costs in general
increase with increasing MSIS-29 scores both phys-
ical and psychological. Thus, despite the MSIS-29
psychological score being developed to capture
aspects of MS that did not incorporate mobility

issues, the score rises as mobility is affected.
However, non-medical costs increase more steeply
with increasing MSIS-29 physical scores than MSIS-
29 psychological scores. In contrast, for non-medical
costs the MSIS-29 psychological score rises above
MSIS-29 physical at lower scores. In this population
an unbiased analysis favoured the MSIS physical
over the prEDSS as a predictor of increased costs.
PROs capturing quality of life, fatigue and cognitive
impairment have previously been found to be inde-
pendently predictive of costs from the prEDSSbut
the span of the MSIS-29 physical capturing the
wider impact MS may make it more useful alone
in predicting costs.

We show that all costs are highest in those with
primary progressive MS where there is currently
no available therapy and that medical costs are
increased in those who are not in employment, but
this is further affected by the fact that their non-
medical costs are derived from their own resources.
We also show that DMTs are associated with lower
costs, but this appears to be predominantly through
their use in pwMS who have less disability.

Here using a detailed breakdown of cost flows we
demonstrate that no out of pocket medical expenses
were incurred, this is likely unique to the UK as a
result of the NHS provider system. It also shows that
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Table 3. Demographics and disease characteristics of the medical and non-medical population at baseline.

the non-medical costs are principally house adapta-
tions and shows the limited impact of charities in
covering non-medical expenses. Non-medical costs
made up on average 22% of total costs pppa in this
study and three-quarters of these non-medical costs
were paid by the PwWMS or their family. This is
remarkably consistent with estimates of non-
medical costs overall.?* However, this study gives
us an insight into details of these costs and at an
individual level they appear to require a capital
investment that may benefit the individual for
many years in terms of quality of life. Thus, plan-
ning for such costs requires a different approach both
at an individual and society level. By looking at
those who had or did not have non-medical costs
separately, we identify that those reporting non-
medical costs within the last year incurred consis-
tently higher medical costs. These medical costs
were predominantly unplanned admission, rehabili-
tation and nurse home care. Their disease profile
differed in that those with non-medical costs were
less likely to be on DMTs, have progressive disease
as well as being more disabled and unemployed.
Thus, non-medical costs potentially arise at a time

when they are more likely to lose income and when
they require additional medical support. However,
due to the long-term benefit of non-medical cost
investment, they may offer potential impact on med-
ical costs in the future and here we see that non-
medical costs peak at prEDSS 7 then fall off.
Indeed, it is likely there will be people in this
study whose non-medical interventions were either
in place prior to the study reporting timeframe or
were provided in a way not captured by the study.
The nature of the non-medical interventions we have
seen will reduce medical costs through providing
appropriate home environments, facilitating early
discharge and less need for rehabilitation and nurs-
ing home services. Furthermore, the physical and
psychological impact of MS is likely to be reduced
on a daily basis when living in an appropriately
adapted environment.

This study has elucidated in detail some of the wider
cost impacts for pwMS and their families as well as
society. We confirm that worsening mobility as mea-
sured by an increasing EDSS is a major driver of
costs but we have also addressed the wider physical
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and psychological effects using PROs prior to mobil-
ity loss. We have also incorporated the non-medical
costs to pwMS and their families, enabling us to gain
a deeper understanding of the impact has on both the
person and society as whole. In particular we find,
unlike medical costs, non-medical costs have the
potential to have a positive impact on the pwMS
and could modify future medical costs.
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