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Abstract

Background To estimate the socioeconomic burden of people with secondary progressive multiple sclerosis
(pwSPMS), considering direct health care, direct non-health care, and indirect costs, and to evaluate the relationship
between costs and patients' functional outcomes.

Methods Observational, cross-sectional, multicenter study with retrospective real-life clinical practice data collection
from pwSPMS visiting the neurology services of 34 hospitals during 2019-2020. Clinical data included Expanded
Disability Status Scale scores, number of relapses, magnetic resonance imaging, disease-modifying treatment (DMT),
symptoms, and comorbidities from 24 months before the study visit. Resource use and allied costs were collected

12 months before the study visit. Patient-reported outcomes, functional and cognitive scales were also collected.

Results 70% of pwSPMS used primary care services, and nearly 50% needed assistance in a daycare or rehabilitation
center. Almost 60% of the participants were receiving DMT at the study visit, and 80% needed support for domestic/
housekeeping tasks. More than 90% were inactive at work, with nearly 80% taking early retirement. The estimated
total annual cost per pwSPMS in Spain was almost €41,500, of which more than 50% (€21,400) were indirect costs,
followed by direct health care costs (30%, €11,300), and, finally, direct non-health care costs (about 20%, €8,800). Older
patients with severe disabilities and worse functional outcomes incurred higher costs.
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non-health care costs.

Indirect costs, Direct costs

Conclusions SPMS is a major burden on health care systems, patients, and society as a whole. Health care and
societal policies should be aimed at improving the SPMS care pathway and minimizing patients' funding of direct

Trial registration The trial is a non-interventional study. The NCC code is CBAF312AESO1/NOV-EMS-2019-01.
Keywords Secondary progressive multiple sclerosis, Disability, Patient-reported outcomes, Socioeconomic burden,

Introduction

Multiple sclerosis (MS) places a pronounced burden on
patients, national health systems (NHS), and society. As
evidenced in previous studies, the direct costs of MS,
mainly treatment costs, as well as indirect costs, have a
positive correlation with the progression of the disease
[1]. People with MS (pwMS) with severe disabilities use
more health resources per year than those with mild or
moderate illness [1]. An economic evaluation of differ-
ent European countries conducted in 2015 estimated a
total annual mean cost in pwMS with mild disabilities of
€12,600-27,300, whereas in those with severe disabilities,
it was in the range of €27,500-77,600 [2]. In Spain, results
from the cited study estimated a mean annual total cost
of €20,600 for mild disabilities versus €68,700 for severe
disabilities [3].

Secondary progressive multiple sclerosis (SPMS) is a
disabling progressive disease reached by about 70% of
relapsing—remitting multiple sclerosis (RRMS) patients,
leading to irreversible impairment. The prevalence of
SPMS among pwMS in Europe is in the range of 15%—
38%, whereas in Spain, it is around 15%-25% [1, 4-7].
It is estimated that 60% of pwMS will have a severe dis-
ability score in 20 years [8], and that it will take 10 years
for all people with SPMS (pwSPMS) to reach this condi-
tion [9]. SPMS is accompanied by a worsening of physical
function, cognitive impairment, psychological burden,
and pain, all leading to a negative impact on patients’
quality of life and a major economic burden despite the
introduction of disease-modifying treatments (DMTs)
[10, 11].

The economic burden of SPMS reported across stud-
ies may be an underestimate owing to the challenges of
definitive diagnosis in this group of patients [12]. Uncer-
tainty surrounding diagnosis may also contribute to the
small sample sizes of patients with SPMS seen in the
majority of studies and the observation that a number
of studies reported costs for MS as a whole [12]. In this
sense, different studies in Europe highlight that pwSPMS
have much higher total annual costs than people with
RRMS. A Finnish study conducted in 2015 estimated a
cost of €71,177 for SPMS versus €36,492 for RRMS [13].
In this study and another carried out in Sweden in 2019,
indirect MS costs were responsible for a higher propor-
tion of SPMS costs versus RRMS costs [13, 14]. Similarly,

in a large international multicenter study, the Interna-
tional MultiPIE Sclerosis Study (IMPrESS), severe SPMS
was associated with higher total costs versus RRMS, with
a higher proportion of indirect costs [15]. In Spain, data
on the economic burden of SPMS are quite limited, with
most studies focusing on MS and not SPMS specifically
[1, 3]. However, a literature review study of MS costs in
Spain found that higher costs for progressive MS were
associated with indirect and direct non-health costs [16].

The aims of the present study are to estimate the
socioeconomic burden of pwSPMS considering direct
health care, direct non-health care, and indirect costs
and to evaluate costs in relation to patients’ functional
outcomes.

Methods

Study design

DISCOVER was an observational, cross-sectional, multi-
center study with retrospective data collection conducted
according to real-world clinical practice conditions in
Spain. Participants were consecutively included when
they visited the neurology services of 34 Spanish public
hospitals between 1 April 2019 and 6 March 2020 and
met all the selection criteria. Information was collected
at a single visit (inclusion visit or study visit) with no fol-
low-up visits.

Eligible patients were > 18 years old with SPMS, accord-
ing to established definition criteria [11], diagnosed
a minimum of 12 months before the study visit, with a
score of 3—-6.5 on the Expanded Disability Status Scale
(EDSS) during the study visit, being an EDSS score
of 3-3.5 indicative of moderate disability while EDSS
scores>6 indicate severe disability, without relapses in
the last 3 months before the study visit, who had been
followed up in the same hospital for the last 12 months,
and who had all the information required by the proto-
col in their clinical history. PWSPMS participating in any
other clinical trial in the last 12 months, institutionalized
patients, and those with severe cognitive impairment or
psychological disorders that did not allow them to com-
plete the study questionnaires were excluded. Before
being included in the study, participants were required to
provide informed consent.

The perspective identifies the relevant costs and
health outcomes. Ideally, the most comprehensive is the
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societal perspective, as it includes all costs and health
outcomes. However, when using the societal perspec-
tive, it is important to also present the results achieved
using the NHS and patient perspectives, as each piece of
information can be valuable. To collect all types of costs
associated with a chronic disease (direct health care and
non-health care and, also, indirect costs), societal per-
spective is showed in the present study [17].

Demographic and clinical variables

The following demographic characteristics were collected
during the study visit: age, gender, educational level, and
current family situation (living alone or living with rela-
tives: partner, children, or other relatives).

Clinical data were obtained during the study visit and
from medical records. The main variables collected were
the date of diagnosis of MS and SPMS; EDSS score (at
MS and SPMS diagnosis and the study visit); the num-
ber of relapses from 3 to 12 months and 12 to 24 months
before the study visit; the date of last magnetic resonance
imaging (MRI); the presence and number of T1 black
holes, gadolinium (Gd +)-enhancing lesions in T1 and
T2 hyperintense lesions; and SPMS-related symptoms (at
the study visit) and comorbidities (at the study visit).

Resource use and costs

One of the objectives of the study was to identify and
quantify the use of the different resources related to the
management of SPMS, which was done as follows:

+ Direct healthcare resources used during the 12
months prior to the study visit were collected
from medical records. They included: number
of outpatient visits associated with MS, number
of days per week in day/occupational centers or
rehabilitation sessions for MS-related reasons,
number of medical tests performed due to MS,
hospitalizations (number and length of stay), number
of emergency room visits associated with MS and
MS/SPMS treatments (including rituximab, beta
la-interferon, fingolimod, glatiramer acetate, beta
1b-interferon, dimethyl fumarate, natalizumab,
teriflunomide, azathioprine, cladribine, ocrelizumab,
beta la-interferon + azathioprine, and beta
la-peginterferon). Unit costs were obtained from
the e-SALUD database [18], and treatment costs
were extracted from the Botplus database (General
Pharmaceutical Council of Spain) [19].

+ Direct non-healthcare resources used during the
previous 12 months were collected at the study visit
through questions from the researcher to the patient
and/or the caregiver. They included the following:
mobility aids, vehicle/home adaptations, domestic/
housekeeping help, a formal caregiver, and transport
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to medical appointments. Unit costs were obtained
from the literature [20] or reported by patients.

+ Indirect resources used during the 12 months prior
to the study visit were identified at this visit by
questions from the researcher to the patient and/
or the caregiver. Indirect costs included patient and
caregiver (when needed) short- and long-term work
absence and unemployment, permanent disability,
reduction or early retirement, work absenteeism and
presenteeism, reduction in working hours, loss of
leisure time, activities, and expenditures. Unit costs
were extracted from the Spanish National Statistics
Institute (INE) [21] and the literature [22].

All costs were calculated per patient per year and valued
in 2020 euros using the Spanish Consumer Price Index
(IPC). Direct health care and non-health care resources
were estimated from the Spanish NHS, patient, and soci-
etal perspectives. Indirect costs were estimated from the
societal perspective, and the human-capital method was
used to estimate productivity costs [23].

Patient-reported outcomes, functional and cognitive scales
During the study visit, different questionnaires were
answered by patients to assess the physical and psy-
chological impact of SPMS (Multiple Sclerosis Impact
Scale-29 [MSIS-29]) [24]; health-related quality of life
(HRQoL; EuroQoL-5 Dimensions-5 Levels [EQ-5D-5L])
[25]; fatigue (Modified Fatigue Impact Scale [MFIS])
[26]; cognitive impairment (Symbol Digit Modalities Test
[SDMT]) [27]; anxiety and depression (Hospital Anxi-
ety and Depression Scale [HADS]) [28]; and pain (Visual
Analog Scale [VAS]).

Ethical considerations

The study was performed according to the guide-
lines on observational post-authorization studies for
medicinal products for human use specified in Order
SAS/3470/2009 of the Spanish Agency of Medicines
and Medical Devices and conducted according to Good
Clinical Practice (International Conference of Harmoni-
zation) guidelines, the Declaration of Helsinki, and local
regulations—including privacy laws—at the time of the
study's initiation. The study protocol, informed consent
forms, and information for patients were approved by the
Ethical and Clinical Research Committee of the Princi-
pado de Asturias.

Statistical methods

A sample size of 311 patients was calculated to estimate
the annual cost of SPMS in Spain. A descriptive analy-
sis was conducted for continuous variables, including
the number of patients, mean, standard deviation (SD),
median, minimum, and maximum, and quartiles were
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presented according to their distribution. For categorical
variables, frequencies and percentages were presented.
The imputation of missing data was not performed.

Due to the expected non-normal distribution of the
total cost, the first analysis approach included a loga-
rithmic transformation. To compare resource use and
patients’ clinical profiles, Spearman correlations (r) were
performed in the case of continuous variables, and Krus-
kal-Wallis test was performed to compare continuous
and qualitative variables. The chi-square test was used to
compare qualitative variables.

A multiple regression analysis was performed to assess
the relationship between significant variables obtained in
the bivariant analysis and SPMS costs. Independent vari-
ables included in the regression model were age, EDSS
score at study visit, employment situation, MS evolu-
tion time, T2 lesions on MRI, comorbidities, and SPMS-
related symptoms.

Data were analyzed with Statistical Analysis Software
(SAS®) Enterprise Guide version 7.15. The significance
level was set at 0.05 (p <0.05).

For analysis purposes, resources were grouped by
type (direct health care, non-health care and indirect
resources) and estimated according to the 3 perspectives
collected in the study (Spanish NHS, pwSPMS, and soci-
etal perspectives).

Results

A total of 314 pwSPMS were included in the study: 297
(94.6%) were evaluable and 17, non-evaluable due to not
meeting the inclusion and/or exclusion criteria (Fig. 1).

Baseline characteristics

The participants were mainly female (185 [62.3%]), with
a mean (SD) age of 54.6 (9.4) years, ranging from 32 to
82 years. Regarding the current familial situation, 263
(88.6%) participants were living with relatives, mostly
with one partner and children. Concerning education

314 recruited plwSPMS
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level, 212 participants (71.4%) had secondary or higher
education. The mean (SD) time between the MS diagno-
sis and the study visit was 19.1 (9.0) years, and the mean
(SD) time from the SPMS diagnosis to the study visit
was 5.9 (5.3) years. The mean EDSS (SD) score at diag-
nosis was 2.0 (1.2), whereas at SPMS diagnosis it was 5.1
(1.1), and at the study visit it was 5.9 (0.8). One hundred
twenty-six patients (42.4%) showed EDSS scores > 6, indi-
cating severe disabilities (Table 1).

A total of 166 pwSPMS (55.9%) presented comorbidi-
ties, the most frequent of which were metabolic (28.6%),
cardiovascular (18.5%), and musculoskeletal and soft tis-
sue (14.8%) diseases. Regarding treatment, 170 patients
(57.2%) were receiving DMT at the study visit, while
during the 12 months before the study visit, 203 (68.4%)
patients had been treated with DMT (Table 1).

Functional, patient-reported, and HRQoL outcomes of
the DISCOVER study’s population are shown in supple-
mental data (Supplementary Information, Table S1).

Resource use

During the year preceding the study visit, 196 partici-
pants (66.0%) required at least one primary care visit,
with a mean (SD) of 4.9 (5.8) visits, whereas 297 (100%)
saw a neurologist, with a mean (SD) of 1.5 (0.7) visits,
and 176 (59.3%) saw a neurology nurse, with a mean (SD)
of 4.1 (3.3) visits. One hundred forty-three (48.1%) par-
ticipants needed daycare/occupational or rehabilitation
center services, which they usually paid for themselves,
with a mean (SD) of 120.4 (56.8) and 104.7 (71.3) visits,
respectively, during the previous year.

At least one hospital admission (excluding emergency
room) was required by 19 pwSPMS (6.4%), with a mean
(SD) of 1.3 (0.5) admissions and a mean (SD) length of
stay of 6.5 (8.5) days for these patients. Concerning emer-
gency room visits, 55 patients (18.5%) were admitted dur-
ing the 12 months before the study visit, 9 (3%) related to
MS, with a mean (SD) of 2.4 (2.2) visits per year.

297 evaluable plwSPMS

before the study visit

1 with relapses in the last 3 months

17 plwSPMS excluded due to non-compliance with the selection criteria:

14 without EDSS between 3-6.5 meeting the definition of SPMS® in the 12 months

1 without full information of their medical history in the last 12 months

1 who had participated on another clinical trial in the last 12 months

Fig. 1 DISCOVER study flow diagram. EDSS: Expanded Disability Status Scale; MS: multiple sclerosis; pwSPMS: people with multiple secondary progres-
sive multiple sclerosis; SPMS: secondary progressive multiple sclerosis. Definition of SPMS: an EDSS score increase of at least 1 point sustained for>6
months in MS patient with baseline EDSS score <6.0 (minimum baseline EDSS score =3.0); an EDSS score increase of at least 0.5 point sustained for>6

months in MS patient with baseline EDSS score >6.0
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Table 1 Baseline demographic and clinical characteristics

Variable Total

(N=297)

Gender Male, n (%) 112 (37.7)
Female, n (%) 185 (62.3)

Age (years) Mean (SD) 546 (9.4)

Education level Without studies, n (%) 4(1.3)
Primary education, n (%) 81(27.3)
Secondary education, n (%) 107 (36.0)
Higher education, n (%) 105 (35.4)

Current familiar situation Living alone (excluding caregiver, if it applies), n (%) 34(114)
Living with a relative, n (%) 263 (88.6)

Time from MS diagnosis to the study visit (years) Mean (SD) 19.1 (9.0)
Valid n 296

Time from SPMS diagnosis to the study visit (years) Mean (SD) 59(5.3)

EDSS score at MS diagnosis Mean (SD) 2001.2)
Valid n 147

EDSS score at SPMS diagnosis Mean (SD) 5.1(01.1)
Valid n 296

EDSS score at the study visit Mean (SD) 59(0.8)
Valid n 147

EDSS score at the study visit (grouped). n (%) EDSS: 0-2.5 -
EDSS: 3-4.5 35(11.8)
EDSS: 5-5.5 37(12.5)
EDSS: 6 99 (33.3)
EDSS: 6.5 126 (42.4)

Comorbidities at the study visit. n (%) Metabolic 85 (28.6)
Cardiovascular 55(18.5)
Musculoskeletal and soft tissues 44 (14.8)
Urinary 29(9.8)
Neurological 23(7.7)
Autoimmune 15(5.1)
Respiratory 14 (4.7)
Gastrointestinal 12 (4.0)
Neoplasia 9 (3.0)
Infections 3(1.0)

Prescribed DMT at the study visit. n (%) Any DMT 170 (57.2)
Rituximab 72 (24.2)
Beta 1a-interferon 19 (6.4)
Fingolimod 18 (6.1)
Glatiramer acetate 15(5.1)
Beta 1b-interferon 13 (44)
Dimethyl fumarate 8(2.7)
Natalizumab 8(2.7)
Teriflunomide 7(24)
Azathioprine 3(1.0)
Cladribine 3(1.0)
Ocrelizumab 2(0.7)
Beta Ta-interferon +azathioprine 1(0.3)
Beta 1a-peginterferon 1(0.3)

DMT disease-modifying treatments, EDSS Expanded Disability Status Scale, MS multiple sclerosis, SD standard deviation, SPMS secondary progressive multiple

sclerosis



Oreja-Guevara et al. BMC Health Services Research (2025) 25:525

Of note, 217 patients (73.1%) required support and
adaptation devices at home or in the vehicle, with the
majority paying for them themselves; the most common
were bathroom adjustments (30.6%), the use of crutches
or canes (30.0% and 20.2%), and the use of bath chairs
(22.2%). Two hundred twenty-nine pwSPMS (77.1%)
patients needed support for domestic/housekeeping
tasks. One hundred twenty-four (41.8%) patients were
helped by caregivers who received economic remunera-
tion in return and 123 (41.4%) by unpaid caregivers, with
a mean (SD) of 97.8 (129.6) and 26.2 (29.6) hours per
month, respectively. Regarding daily tasks, 193 partici-
pants (65.0%) needed help, 28 (9.4%) from paid caregivers
and 184 (62%) from unpaid caregivers. Unpaid caregivers
provided a mean (SD) of 134.6 (154.8) hours per month,
and paid caregivers provided 136.3 (170.2) hours per
month (Table 2, Supplementary Information, Table S2).

At the study visit, 31 pwSPMS (10.4%) were actively
employed, 8 of them (25.8%) with working time reduc-
tion, and 14 (45.2%) with incapacity for work due to
SPMS/MS. For active participants, the mean (SD) time of
work absenteeism due to SPMS/MS was 2.4 (3.0) hours
per week, and work presenteeism was estimated at 14.1
(11.2) hours per week. Six (19.4%) active participants
were on sick leave due to SPMS for a total of 46.2 (66.2)
days on average during the last 6 months. For pwSPMS
inactive at work, 41 (15.4%) took early retirement due to
SPMS/MS. Loss of leisure time was estimated at a mean
(SD) of 12.1 (17.4) hours per week in the study popula-
tion. Unpaid caregivers reported a mean (SD) work
absenteeism of 8.6 (11.9) hours per week and a loss of
leisure time of 10.3 (15.6) hours per week (Table 2 and
Supplementary Information, Table S2).

Costs

From the Spanish NHS perspective, annual costs
amounted to €11,420.36 and, from the patient perspec-
tive, €8,698.14.

From a societal perspective, the total mean annual cost
of SPMS per patient was €41,480.87, with €11,343.16
(27.3%) being direct health care costs, €8,775.34 (21.2%)
being direct non-health care costs, and €21,362.37
(51.5%) being indirect costs (Fig. 2). Regarding direct
health care costs, they were mainly attributable to SPMS
treatments (€8,055.38, 71.0%), with €6.436,21 (56.7%)
accounting for MS treatments. Of note, 89.2% of total
direct health care costs were financed by the Spanish
NHS, and the remaining 10.8% were paid by patients
themselves. Regarding direct non-health care costs,
€6,465.12 was attributable to adaptation devices at home/
vehicle costs. PwSPMS paid 85.2% of all direct non-
health care costs. Finally, most indirect costs were related
to patients’ work disabilities due to SPMS (€13,371.87,
62.6%) (Table 3).
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SPMS patients’ profiles and costs

PwSPMS with higher disability (EDSS score=6.5) had a
total mean cost of €46,262.76, in contrast to €34,851.49
for patients with moderate disability (EDSS score 3-3.5).
This difference was mainly related to the increase in
indirect costs (work disability and loss of leisure), from
€16,680.27 (EDSS score 3-3.5) to €24,289.50 (EDSS
score=6.5) (Fig. 3). Moreover, older pwSPMS had lower
total mean annual costs compared to younger pwSPMS,
with costs being €42,570.28 in the <45 years group ver-
sus €30,188.80 in the>65 years group (p<0.001). These
results and other statistically significant differences in the
total mean cost by sociodemographic and clinical vari-
ables are shown in the supplementary data (Supplemen-
tary Information, Table S3).

By cost type, higher direct health care costs were esti-
mated in younger participants (€14,687.69) versus older
participants (€7,974.73) (p<0.001) and in the SPMS
group with a short time since diagnosis (<2 years)
(€13,217.70) versus the group with>10 years since diag-
nosis (€10,113.22) (p=0.02). Regarding direct non-health
care costs, higher costs were observed in the group with
the most severe disabilities (EDSS score =6.5) versus the
group with moderate disabilities (EDSS score 3-3.5), at
€10,485.10 versus €4,053.10 (p<0.001). Indirect costs
were higher in the group with the most severe disabilities
(EDSS score=6.5) versus the group with moderate dis-
abilities (EDSS score 3-3.5), as well as in young partici-
pants versus older participants, with costs of €22,755.7
in the <45 years group versus €12,296.9 in the>65 years
group (p<0.001) (Supplementary Information, Tables S4,
S5, and S6).

Considering functional and HRQoL outcomes, in the
correlation analysis, higher total mean annual costs were
related to higher physical impact (r=0.254 in MSIS-29),
fatigue (r=0.155 in MFIS), cognitive and physical affec-
tation by fatigue (r=0.157 and r=0.144 in MFIS), and
worse general health status (r=-0.211 in EQ-5D-5L
index value) (Supplementary Information, Table S7).

In addition, multiple regression analysis also showed
higher total annual costs for older patients, those not
actively working, those with EDSS scores of 6-6.5, and
those without cardiovascular comorbidities (Supplemen-
tary Information, Table S8).

Discussion

The DISCOVER study analyzed the burden of SPMS on
the Spanish NHS, patients, and society. As expected,
the total annual costs for SPMS are higher than those
for other mild/moderate forms of MS [3]. The study
cohort covered all Spanish regions, with participants
from 34 hospitals and a sufficiently representative sam-
ple size of Spanish pwSPMS. The proportion of women
was higher (62.3%), which is consistent with other
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Table 2 Direct health care, non-health care, and indirect resource use of pwSPMS in Spain
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Variable NHS perspective PwWSPMS' perspective Societal perspective
Direct health resource use®
Visits/admissions in the last 12 months (at least once)
Primary care. n (%) 194 (65.3) 3(1.0) 196 (66.0)
Mean (SD) 48(5.7) 12.7 (9.5) 49(5.8)
Neurology nursing. n (%) 176 (59.3) - 176 (59.3)
Mean (SD) 4.133) - 41(33)
Speech therapy. n (%) 6 (2.0) 6 (2.0) 12 (4.0)
Mean (SD) 36.7 (30.2) 29.2 (22.5) 329(25.7)
Neurology. n (%) 297 (100.0) 2(0.7) 297 (100.0)
Mean (SD) 33(014) 1.5(0.7) 33(14)
Ophthalmology. n (%) 59(19.9) 9(3.0) 66 (22.2)
Mean (SD) 1.5(0.8) 1.3(0.7) 1.5(0.9)
Psychology. n (%) 44 (14.8) 14 (4.7) 55(18.5)
Mean (SD) 2939 136 (13.1) 5.8(8.7)
Other specialties. n (%) 139 (46.8) 14 (4.7) 149 (50.2)
Mean (SD) 44(5.2) 9.1 (16.6) 49(7.3)
Daycare/occupational center. n (%) 9(3.0 19 (6.4) 28 (94)
Mean (SD) 114.7 (43.7) 123.2 (63.0) 1204 (56.8)
Rehabilitation center. n (%) 42 (14.1) 100 (33.7) 135 (45.5)
Mean (SD) 100.0 (78.6) 99.4 (57.7) 104.7 (71.3)
Hospital admissions. n (%) 18 (6.1) 1(0.3) 19 (6.4)
Mean (SD) 1.3(0.5) 1.0(0.0) 13(05)
Length of hospital stay (days), mean (SD) 6.6 (8.8) 5.0(0.0) 6.5(8.5)
Emergency room visits. n (%) - - 55(18.5)
Emergency room visits, MS related. n (%) 9(3.0) - 9 (3.0)
Mean (SD) 24(2.2) - 24(2.2)
Tests related to SPMS/MS. N (%) 297 (100.0) 297 (100.0) 297 (100.0)
Direct non-health resource use
Support and adaptation devices at home/vehicle. n (%) 71(23.9) 208 (70.0) 217 (73.1)
Support for domestic/housekeeping tasks. n (%)
- Support for domestic/housekeeping tasks (unpaid caregivers) - - 19 (6.4)
- Support for domestic/housekeeping tasks (paid caregivers) 17 (5.7) 78 (26.3) 90 (30.3)
Support for daily tasks. n (%)
- Unpaid caregiver - - 101 (34.0)
- Paid caregiver 12 (4.0) 17(5.7) 26 (8.8)
Transport to appointments. n (%)
- Ambulance 25(84) - 25(8.4)
- Private vehicle 2(0.7) 214.(72.1) 216 (72.7)
- Adapted collective transport 3(1.0) 1(0.3) 4(1.3)
- Taxi 3(1.0) 45(15.2) 48(16.2)
- Public transport 4(1.3) 37(12.5) 41 (13.8)
Indirect resource use
Actively employed pwSPMS, N=31
- Patients with reduction of working hours. n (%) - - 8(25.8)
- Absenteeism due to SPMS/MS (hours/week). Mean (SD) - - 24(3.0)
- Presenteeism (hours/week), Mean (SD) - - 14.1(11.2)
- Work disability due to SPMS/MS. n (%) - - 14 (45.2)
- Permanent partial disability due to SPMS/MS. n (%) - - 9(29.0)
- Permanent total disability due to SPMS/MS. n (%) - - 5(16.1)
- Sick leave due to SPMS/MS in last 6 months. n (%) - - 6(19.4)
Inactive pwSPMS, N=266
- Early retirement due to SPMS/MS. n (%) - - 41 (15.4)
Retirement age (years). Mean (SD) - - 487 (8.2)
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Table 2 (continued)
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Variable

NHS perspective

PwWSPMS' perspective Societal perspective

- Loss of work due to SPMS/MS. N (%)
- Work disability due to SPMS/MS. N (%)
Actively employed and inactive pwSPMS, N=290
- Loss of leisure time (hours/week). Mean (SD)
Unpaid caregivers, N=121
- Actively employed. n (%)
- Patients with reduction of working hours. N (%)
- Absenteeism due to SPMS/MS (hours/week). Mean (SD)
- Inactive. N (%)
- Loss of leisure time (hours/week). Mean (SD)

- 4(1.5)
- 183 (68.8)

- 12.2(174)

- 49 (39.8)
- 6(122)

- 86 (11.9)
- 74 (60.2)
- (15.6)

DMT disease-modifying treatments, MS multiple sclerosis, NHS National Health System, pwSPMS people with secondary progressive multiple sclerosis, SD standard

deviation

2DMT direct health resources use showed in Table 1
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Fig. 2 Distribution of total annual costs by cost type and perspective®. At the top of the columns: total annual costs

SPMS observational studies (63% in a French study) [9].
PwSPMS showed a similar mean age (54.6) to patients
from other European countries, such as Finland and Swe-
den (55.6 years in Finland) [13, 14]. Of note, participants
in this study were older compared with participants
in a recently published cross-sectional Spanish study
focused on all MS forms and conducted among Span-
ish patients’ associations (42.6 years) [3]. It is important
to note that most participants in the DISCOVER study
were living with relatives, in contrast to other studies in
Nordic countries with fewer participants having such an
arrangement (e.g., 89% vs. 69% in Finland), probably due
to cultural differences. Regarding educational level, the

proportion of pwSPMS with secondary or higher edu-
cation was similar to that noted in other studies (36%
with secondary education vs. 35% in Sweden) [14]. Par-
ticipants predominantly received their MS diagnosis in
their thirties, and the SPMS diagnosis occurred six years
before the study visit, in the early fifties, crucially impact-
ing the functioning and careers of participants.
Regarding the clinical profiles of pwSPMS, more
than 42% showed ambulatory severe disabilities (EDSS
score=6.5) at the study visit. Other studies in Europe,
such as those in Nordic countries, also included non-
ambulatory pwSPMS (EDSS=>7), making direct com-
parisons difficult [13, 14]. More than half of patients
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Table 3 Description of total annual costs by perspective
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Variable NHS perspective PwSPMS' perspective Societal perspective
Annual direct health care costs (€). Mean (SD)

- DMT 6,435.90 (7,027.76) 0.32(247) 6,436.21 (7,027.50)

- Other treatments 1,517.84 (1,664.82) 101.33 (343.90) 1,619.17 (1,845.28)

- Medical visits 829.50 (617.98) 110.09 (493.67) 939.59 (786.16)

- Specific attention (daycare/rehabilitation) 43570 (2,627.92) 987.92 (4257.15) 1423.62 (4915.84)

- Hospital admissions 307.49 (2,429.37) 9.10 (156.82) 316.59 (2433.28)

- Emergency room visits 19.09 (143.98) 0.00 (0.00) 19.09 (143.98)

- Other costs (Tests) 561.87 (553.81) 14.73 (128.89) 576.60 (556.20)
Total costs 10,119.67 (8,576.25) 1,22349 (4,471.58) 11,343.16 (9,519.40)

Annual direct non-health care costs (€). Mean (SD)
- Support and adaptation devices at home/vehicle
- Support for domestic/housekeeping tasks
- Support for daily tasks (paid/unpaid caregiver)
- Other costs (transport)

Total cost

264.28 (767.10)
136.69 (848.65)
859.51(8,345.12)
40.21 (325.90)
1,300.69 (8,520.16)

6,200.84 (2,5687.02)
816.86 (2,188.18)
38642 (1,828.80)
70.52(137.71)
7,474.65 (2,6276.65)

6,465.12 (2,5677.34)
953.56 (2,310.81)
1,245.93 (8,711.34)
110.73 (34.36)
8,775.34 (2,7810.01)

Annual indirect costs (€). Mean (SD)
- PWSPMS work disability due to SPMS/MS -
- PWSPMS sick leave due to SPMS/MS -
- PWSPMS unemployment due to SPMS/MS -
- Reduction of working hours due to SPMS/MS -
- Early retirement due to SPMS/MS -
- PWSPMS absenteeism due to SPMS/MS -
- PWSPMS presenteeism due to SPMS/MS -
- PWSPMS loss of leisure time -
- Work termination of unpaid caregiver -
- Unpaid caregiver reduction of working hours -
- Unpaid caregiver absenteeism -
- Unpaid caregiver loss of leisure time -
Total costs -
Total annual costs (€). Mean (SD)

11,420.36 (12,502.82)

- 13,371.87 (11,349.50)
- 137.03 (1,706.01)

- 13946 (1,195.60)

- 287.07 (1,879.70)

- 2,501.65 (7,398.57)

- 39.74 (211.87)

- 6.43 (23.69)

- 1793.86 (2,605.51)

- 1,492.68 (4,667.94)

- 97.35(578.78)

- 232.04 (707.59)

- 1,400.23 (2,560.84)
21,362.37 (12,769.34)

8,698.14 (26,541.37) 41,480.87 (31,668.28)

DMT disease-modifying treatments, MS multiple sclerosis, NHS National Health System, pwSPMS people with progressive multiple sclerosis, SD standard deviation

had comorbidities, with metabolic diseases (mainly dys-
lipidemia) being the most frequent (28.6%), followed
by cardiovascular diseases (18.8%). This distribution
of comorbidities was similar to that in an Italian study
(17.8% had dyslipidemia in our cohort vs. 16% in the Ital-
ian study) [29].

Regarding direct health care resource use, during the
year before the study visit, all pwSPMS attended neu-
rologists, and nearly 70% used primary care services.
The number of hospitalizations was low, but almost 20%
of participants visited the emergency room, and nearly
50% needed assistance in a daycare or rehabilitation cen-
ter, mostly paying for it themselves. Inpatient resource
use was relatively lower compared with other studies on
primary progressive multiple sclerosis [30]. Almost 60%
of pwSPMS received MS treatments, with nearly a quar-
ter of the whole cohort being treated with rituximab.
In patients with worse EDSS scores, rituximab was less
commonly prescribed than interferons, whereas ritux-
imab was more commonly prescribed during an early
SPMS diagnosis with low EDSS scores, as evidenced in

other studies in France, Finland, and Sweden [9, 13, 31].
More than 40% of the DISCOVER study’s population
did not receive any DMT. This last result is in line with
the lack of treatment options in SPMS that are limited
to patients with persistent inflammatory activity [32]. In
this sense, the present study included reimbursed MS/
SPMS treatments, although many of them were used off
label, since they did not have this indication at the time
of the study. Concerning direct non-health care resource
use, we estimated that nearly three-quarters of the study
cohort needed support and adaptation devices at home/
vehicle, and almost 80% needed support for domestic/
housekeeping tasks, provided in equal parts by paid and
unpaid caregivers. Of note, 65% of pwSPMS required
assistance with daily tasks, which was mostly provided
by close caregivers (family members, neighbors, or vol-
unteers). The use of non-health care resources is greater
than in other countries, such as Ireland [32]. Regarding
indirect resources, more than 90% of participants were
inactive at the study visit due mainly to work disabilities
due to SPMS, with nearly 80% opting for early retirement.
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Fig. 3 Total annual costs by EDSS score®. EDSS: Expanded Disability Status Scale. At the top of the columns: total annual costs

Unpaid caregivers showed a high level of work absentee-
ism and loss of leisure time.

We estimated a total annual cost per pwSPMS in Spain
of almost €41,500, of which more than 50% (€21,400)
were indirect costs, followed by direct health care costs
(30%, €11,300), and, finally, direct non-health care costs
(about 20%, €8,800). This predominance of indirect costs
in SPMS was also evidenced in other studies in Finland or
Ireland, but with a higher total amount (about €70,000),
probably due to the inclusion of pwSPMS with EDSS
scores of >7 in these last studies [13, 32]. However, in the
pooled analysis of SPMS costs in the United Kingdom,
France, Germany, and the United States of the IMPrESS
study, the distribution of costs was similar to that in
the present study, with a major contribution from indi-
rect costs and close total annual costs for SPMS [15]. It
is interesting to observe that in other forms of MS, such
as RRMS, direct costs (mainly DMTs) contribute more to
overall costs than indirect costs [15]. In the above-men-
tioned cross-sectional Spanish study by Oreja-Guevara et
al. [3], the overall cost for MS patients with moderate dis-
ease severity (EDSS 4-6.5) was €48,000. This difference
versus our data is explained by the increase in direct costs
due to the increased use of DMTs in the Oreja-Guevara
et al. study (mainly in the second line).

In our cohort, major indirect cost drivers were work
disabilities (€13,400), whereas direct health care cost
drivers were DMT and other related treatments (€8,000),

and direct non-health care cost drivers were adaptations
at home/vehicle (nearly €6,500). These cost drivers are
like those highlighted in the IMPrESS study [15].

It is also worth noting that the annual cost of SPMS
per patient in Spain is higher than that of other chronic
diseases. Thus, chronic heart failure patients had an esti-
mated annual cost of more than €18,000, owing primar-
ily to indirect costs [33], while other common diseases
such as stroke had an estimated annual cost of more than
€27,500, owing primarily to indirect costs [34].

Therefore, SPMS costs per patient in Spain are higher
than those for other, more prevalent diseases, indicating
a high patient burden for this type of MS. This increased
burden could be attributable to SPMS’ long duration,
and its high incidence in young people, with the subse-
quent early work disability, the greater need for domes-
tic/housekeeping help and the higher costs of health care
resources versus stroke or Alzheimer’s disease [35].

Disability is an important factor in the SPMS burden.
In the DISCOVER study, more severe disease (EDSS
score =6.5) was associated with a higher total annual cost
(€46,200) versus moderate disease (€34,900). This differ-
ence can be explained by the increase in indirect costs
with advancing disability [36, 37]. Older participants also
had higher total costs, while younger participants had
higher direct costs due to DMT [13]. Worse functional
and HRQoL outcomes were also factors for higher total
annual costs in the context of SPMS, especially regarding
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physical and psychological impact, cognitive impairment,
and worse general health status [13].

The limitations of the present study stem from its
design. Among other things, the cross-sectional design
and the retrospective revision of clinical and resource
use data are worth highlighting. A prospective cohort
design could have been more robust, considering that
the current design could have led to a memory bias in
the recollection of variables reported by the participant
themselves. This limitation was minimized by a fully
designed and implemented case report form and the
exhaustive revision of data. Another limitation is the
inclusion criterion of EDSS scores up to 6.5, which did
not allow the inclusion of pwSPMS with non-ambulatory
severe disability for the purpose of assessing ambulatory
pwSPMS in a hospital sample. This could have led to a
greater underestimation of total costs versus other stud-
ies that included these patients, but it must be noted that
pwSPMS with EDSS scores >7 represent a limited popu-
lation for this MS form (e.g., 7% in a Swedish cohort) [14]
and that the DISCOVER study was focused on ambula-
tory SPMS patients. Similarly, the fact that only 5 patients
with an EDSS score of 3—3.5 were included is a limitation
when making estimates or comparisons of this group
with the rest. Although the results of the study detect
data with non-linear trends (probably due more to clini-
cal than methodological reasons), these data faithfully
reflect those collected in the study, so additional studies
would be needed to clarify the specific reasons for these
trends. The strengths of the study are that it is the first
study in a Spanish setting focused on SPMS that is hospi-
tal based, nationally representative, and offers complete
information on patient profiles, the burden of cost, and
functional and HRQoL data.

Conclusions
In conclusion, SPMS represents an important burden
from the NHS, quality-of-life, and societal perspectives
in Spain, with associated costs of more than €41,000 per
patient per year. SPMS is associated with higher costs
per patient versus other, more prevalent chronic dis-
eases. PwSPMS show a high level of disability and impact
on HRQoL, with physical impact, fatigue, and cognitive
impairment. Indirect costs play an important role, with
patients’ work disabilities being the major cost driver of
SPMS. The high societal impact of SPMS must be high-
lighted considering the ramifications for working careers,
economic and family setting disruption, and caregiver
involvement in the health care setting. However, further
analyses comparing costs across different demographic
groups could uncover any cost disparities and offer pol-
icy-relevant insights.

Cost-of-illness studies allow health authorities to
obtain valuable data to plan health policies. Taking into
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consideration the results of the DISCOVER study, the
management of pwMS should focus on delaying MS pro-
gression to more severe disability types by implement-
ing therapeutic strategies specific to pwSPMS during the
early stages of progression. Furthermore, health care and
societal policies should aim to reduce patients' funding of
direct non-health care costs and address work disability
in pwSPMS.
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