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Abstract
Background and objective Population-based estimates of the socioeconomic burden of multiple sclerosis (MS) are limited, 
especially regarding primary healthcare. This study aimed to estimate the excess costs of people with MS that could be 
attributed to their MS, including primary healthcare.
Methods An observational study was conducted of the 2806 working-aged people with MS in Stockholm, Sweden and 28,060 
propensity score matched references without MS. Register-based resource use was quantified for 2018. Annual healthcare 
costs (primary, specialised outpatient, and inpatient healthcare visits along with prescribed drugs) and productivity losses 
(operationalised by sickness absence and disability pension days) were quantified using bottom-up costing. The costs of 
people with MS were compared with those of the references using independent t-tests with bootstrapped 95% confidence 
intervals (CIs) to isolate the excess costs of MS from the mean difference.
Results The mean annual excess costs of MS for healthcare were €7381 (95% CI 6991–7816) per person with MS with 
disease-modifying therapies as the largest component (€4262, 95% CI 4026–4497). There was a mean annual excess cost 
for primary healthcare of €695 (95% CI 585–832) per person with MS, comprising 9.4% of the excess healthcare costs of 
MS. The mean annual excess costs of MS for productivity losses were €13,173 (95% CI 12,325–14,019) per person with 
MS, predominately from disability pension (79.3%).
Conclusions The socioeconomic burden of MS in Sweden from healthcare consumption and productivity losses was quanti-
fied, updating knowledge on the cost structure of the substantial excess costs of MS.

Keywords Multiple sclerosis · Cost of illness · Real world data · Disability pension · Sick leave · Primary healthcare · 
Healthcare costs · Productivity losses · Medical/health economics · Propensity score matching
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SMSreg  Swedish multiple sclerosis registry
SPDR  Swedish prescribed drug register
VAL  Region Stockholm’s healthcare database

Introduction

Multiple sclerosis (MS) is the most common non-traumatic 
neurological disease among young adults [1]. Besides necessi-
tating healthcare, MS may affect one’s work capacity. Accord-
ingly, MS can pose an economic burden on patients, healthcare 
and social security budgets as well as a loss of production 
to society [2]. The all-age prevalence of MS in Sweden is 
relatively high at 189 per 100,000 [3, 4]. Therefore, accurate 
estimates of the socioeconomic burden of MS are essential to 
define the magnitude of the disease in monetary terms, jus-
tify interventions, and support decision makers in formulating 
policies and prioritising resources [2, 5].

The mean excess societal costs of MS in Sweden in 
2012 from healthcare consumption and productivity losses 
were estimated in comparison with references to be 23,507 
Euros (EUR) more per person with MS (2020 values) [6]. 
However, population-based cost estimates from Sweden, 
whether the all-cause costs among people with MS (PwMS) 
or the costs attributable to MS, have not yet included costs 
from primary healthcare use as such data is not available at 
a national level [6–9]. This has led to underestimations. Fur-
thermore, studies on the primary healthcare utilisation among 
PwMS in Sweden have to date been of small groups, before the 
introduction of more efficacious disease-modifying therapies, 
and without reference groups [10–14]. Nonetheless, they sug-
gest that PwMS have widespread primary healthcare use with 
a range of healthcare professionals [11]. PwMS are recom-
mended to have a multidisciplinary care team [15]. Accord-
ingly, primary healthcare has an important role in managing 
PwMS’ symptoms alongside neurology care [16]. Cost esti-
mates need updating to reflect earlier diagnoses, increasing 
treatment options, and improved clinical course [17–19]. The 
excess costs of MS can be more accurately estimated with 
register data allowing for comparison with a reference group 
to isolate the additional cost per person due to MS and the 
underlying resource use may indicate unmet needs [20, 21].

We aimed to estimate the annual excess costs of MS, 
comparing the healthcare costs, including primary health-
care, and productivity losses among working-aged PwMS 
with those among population-based matched references.

Methods and materials

Study design and data sources

A one-year register-based cost-of-illness study was con-
ducted. The resource utilisation, healthcare costs, and 

productivity losses of residents of Stockholm County, Swe-
den, with MS were compared with those of a population-
based matched reference group without MS.

Individual-level data was linked from seven registers, 
using pseudonymised personal identity numbers, to build 
the study population and inform resource utilisation (Online 
Resource 1).

Study population

All individuals 19–64 years of age alive and living in Stock-
holm County on both 31 December 2017 (n = 1,392,834) 
were identified from the Longitudinal Integration Database 
for Health Insurance and Labour Market Studies (LISA) and 
cross-checked  for being alive and resident in Stockholm 
County in 2018 in LISA and the Cause of Death Register 
(n = 1,354,161) (Fig. 1).

The PwMS were identified from the Stockholm resi-
dents who were also in the Swedish MS Registry (SMSreg) 
(n = 3400), with an MS diagnosis recorded 31 December 
2017 or prior (n = 2862). Of the 179 in the SMSreg but with 
a missing MS diagnosis date, 132 with onset dates before 
the end of 2017 were included. Lastly, individuals with MS 
onset when < 18 years were excluded as their clinical course 
may differ from adult-onset MS (n = 188 excluded) [22]. In 
total, 2806 PwMS were included.

A population-based matched reference group was 
identified from the Stockholm residents, who have never 
been diagnosed with MS (not included in the SMSreg, 
n = 1,350,761; Fig. 1). Individuals were then excluded from 
being potential references if having diagnosis codes (main or 
secondary) for MS or other demyelinating diseases [23–25] 
in the National Patient Register (NPR), Region Stockholm’s 
healthcare database (VAL), or the Micro Data for the Analy-
sis of Social Insurance register (MiDAS), or MS disease-
modifying therapies [23, 25, 26] dispensed according to 
the Swedish Prescribed Drug Register (SPDR) up until 
31 December 2018 (n = 2066 excluded). From this pool of 
potential references (n = 1,348,695), propensity-score match-
ing selected ten reference individuals for each individual 
with MS (n = 28,060) [27–30].

Resource use and costs

A prevalence-based costing approach was used to estimate 
the costs incurred within the year attributable to MS from 
a societal perspective [31, 32]. Total costs of all-cause 
resource use for each cost category were estimated through 
a bottom-up approach by multiplying each individual’s 
total quantity of resource use in 2018 with the correspond-
ing unit costs summarised in Table 1 [32]. A reference 
year of 2020 was used whenever possible for the unit costs  
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[32, 33]. Costs are presented in EUR (1 EUR = 10.4848 
Swedish krona (SEK)) [34]. 

Healthcare costs

Healthcare costs included the costs of healthcare visits 
(inpatient, specialised outpatient, and primary healthcare) 
and drugs (prescribed drugs dispensed in pharmacies 
and MS disease-modifying therapies administered within 
healthcare).

The costs for both inpatient (with a discharge date in 
2018) and specialised outpatient visits, respectively, were 
derived from the diagnosis-related group (DRG) code for 
the visit in the NPR along with the patient copayment  

[35, 36]. Nationwide retrospective DRG weights were used 
to translate the DRG code into a cost [37, 38]. If the DRG 
was not in the retrospective weight list for 2018 (n = 355 
inpatient and n = 19,248 specialised outpatient visits), the 
prospective nationwide DRG weight for 2018 from the 
National Board of Health and Welfare was used instead 
[39].

Primary healthcare contacts were sourced from the VAL 
and classified according to the type of contact and health-
care professional. The contacts were then costed relative to 
the average cost for a clinic visit with a physician (Online 
Resource 2) and the relevant patient copayment [35, 40–42]. 
Primary healthcare was further analysed. The type of health-
care visit was presented as clinic (116,032 visits including 

Fig. 1  Flow chart of inclusion into the study population. Prior diag-
nosis of MS (ICD-10: G35 or ICD-8/9: 340) and other demyelinat-
ing diseases (ICD-10: G36, G37, H46, or ICD-9: 340, 377, 367, 
323, 341) were identified in the NPR, VAL, or MiDAS [23–25]. 
MS disease-modifying therapies were identified in the SPDR (ATC 
codes:  L01DB07, L01XC02, L01XC10, L03AB07, L03AB08, 
L03AB13, L03AX13, L04AA23,  L04AA27, L04AA31, L04AA34, 
L04AA36,  L04AA40,  L04AC01,  L04AX07, and  N07XX09) [23, 

25, 26]. ATC  Anatomical Therapeutic Chemical Classification Sys-
tem, ICD International Classification of Diseases, MiDAS Micro Data 
for the Analysis of Social Insurance register, MS multiple sclerosis, 
NPR National Patient Register, PwMS People with multiple sclerosis, 
SMSreg Swedish Multiple Sclerosis Registry, SPDR Swedish Pre-
scribed Drug Register, VAL Region Stockholm’s healthcare database. 
Source: Own elaboration
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Table 1  Unit  costs1 for the register-informed resource use for the cost calculations for healthcare and productivity losses. Source: Own elabora-
tion with sources referenced

Cost category Value in  
2020  SEK1

Value in  
2020  EUR2

Source

(1) Healthcare costs
 (1a) Healthcare visits
  Average inpatient and special-

ised outpatient healthcare 
cost per 1.0 DRG

56,356 5375 The unit cost for 1.0 retrospective nationwide DRG weight for somatic care in 
2018 was from the Swedish Association of Local Authorities and Regions 
and inflated to 2020 values [37]

  Copayment per day of an 
inpatient stay

100 10 An out-of-pocket cost of 100 SEK per day was assumed for inpatient health-
care, as this was the base case for Region Stockholm [36]. Patient out-of-
pocket costs for inpatient stays were capped at 365 days

  Copayment for a specialised 
outpatient healthcare visit

350 33 An out-of-pocket cost of 350 SEK per visit was applied as the copayment for a 
visit in Region Stockholm to a physician in specialised outpatient settings [35]. 
The maximum copayment amount for specialised outpatient healthcare was 
set to 1150 SEK (109 EUR) which was the ceiling price for Region Stockholm 
within 12 months for specialised outpatient and primary healthcare [35]

  Average cost per primary 
healthcare visit (at a clinic 
with a physician)

1879 179 The unit cost per contact with a physician at a primary healthcare clinic was 
inflated to 2020 values from an average 2019 unit cost and the unit cost ratio 
was sourced from Swedish Association of Local Authorities and Regions 
[40]. A home or off-site visit (hereafter referred to as simply home visits) had 
a unit cost corresponding to 2 clinic visits and a distance contact (including a 
telephone prescription) [42] was 1/3 of a clinic visit. The missed appointments 
were included within clinic visits to be costed due to the opportunity costs 
they represent (331 missed appointments among the PwMS and 2360 among 
the references). Visits with other healthcare professionals than physicians (e.g., 
nurses) corresponded to 40% of the relevant type of visit with a physician. The 
cost included all professionals listed for the contact (maximum of 5) with the 
costs attributed to the first registered professional

  Copayment for a primary 
healthcare visit

100 or 200 10 or 19 Patient copayments for the contact were based on the first registered profes-
sional. A cost of 200 SEK was applied to physicians, physiotherapists, 
dieticians, occupational therapists, chiropractors, or naprapaths. All other 
healthcare professionals had a cost of 100 SEK per contact. These unit costs 
were sourced from the listed patient fees for Region Stockholm [35]. The 
maximum copayment amount for primary healthcare contacts was set to 1150 
SEK (109 EUR) per year which was the ceiling price for Region Stockholm 
within 12 months for specialised outpatient and primary healthcare [35]

 (1b)  Drugs3

  Monthly cost for rituximab 1348 129 Rituximab is used off-label for MS in Sweden [47]. Rituximab is sold as 
500 mg units with a price per unit of 9704 SEK [48]. A treatment frequency 
of rituximab of every 7.2 months was applied based on a previous observa-
tional study [49]. The dose per treatment was assumed to be 500 mg based 
on the SMSreg data as the most frequent dosing in 2018 (93.96%) and 
the recommendation from the Swedish MS Association [47]. The cost per 
month of rituximab (1348 SEK) was assumed to be the unit cost divided by 
the frequency of treatment. Initiation of rituximab is always 1000 mg [47], 
hence, an extra cost of 9704 SEK was applied (i.e., an additional 500 mg 
unit) if the year of treatment initiation was 2018 (n = 159)

  Monthly cost for natalizumab 15,839 1511 Treatment frequency with natalizumab is every 4th week (i.e., once per 
month), with a dose of 1 unit (300 mg) [50]. The cost per month of natali-
zumab was assumed to be the price of a dose (300 mg) of natalizumab 
(15,839 SEK) [50]

  Monthly cost for alemtuzumab 18,368 1752 Alemtuzumab is sold as 12 mg units at an assumed price of 73,473 SEK [51]. 
A unit of 12 mg equates to 1 dose [52]. Starting treatment involves 5 doses 
(60 mg) with maintenance of 3 doses (36 mg) every 12 months thereafter, 
for up to a maximum of 3 additional cycles to the starting cycle [52, 53]. A 
full cycle of use was assumed from a start date in the SMSreg. Accordingly, 
a monthly cost of treatment with alemtuzumab of 18,368 SEK was applied, 
with an add on start cost of 146,947 SEK (corresponding to the cost of the 2 
extra doses for initiation) if the year of treatment initiation was during 2018 
(n = 1)
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2691 missed appointments), home, and distance contact. 
Type of healthcare professional referred to the first regis-
tered professional, with 91.9% of contacts with 1 profes-
sional. Two categorisations were used:

1. Physicians, nurses, or other healthcare professionals; and
2. Physicians, nurses, physiotherapists, occupational thera-

pists, nurse assistants, or other healthcare professionals.

 Drug costs comprised the costs for prescribed drugs dis-
pensed in community pharmacies and other MS disease-
modifying therapies administered within healthcare. Drug 
costs related to the quantity of the specific substance dis-
pensed, with the patient copayment [43] and the portion of 
the costs publicly financed all obtained directly from the 
SPDR. In addition, further MS disease-modifying thera-
pies administered within healthcare and not available in 
the SPDR were included. Start and end dates of treatment 
from the SMSreg were used to estimate the months on treat-
ment. Average unit costs per month were applied based on 
recommended dosing. Drug costs were also presented as 
MS disease-modifying therapy costs (sourced from either 

the SPDR or SMSreg) and drug costs excluding disease-
modifying therapies.

Productivity losses

The costs of productivity losses were estimated from the 
net days of sickness absence and disability pension from 
MiDAS, representing days with lost production to society 
due to morbidity [31]. The human capital approach was used 
to estimate productivity losses, as per the Swedish guidelines 
for economic evaluations [31, 44]. Productivity losses were 
derived by multiplying the net months of sickness absence 
and disability pension (months with lost production), respec-
tively, by the sum of the national average monthly gross 
salary and the employers’ social security contribution [45, 
46]. Full employment of the study population was assumed.

Total societal costs

Annual total societal costs per person were the sum of 
healthcare costs and productivity losses.

Table 1  (continued)

Cost category Value in  
2020  SEK1

Value in  
2020  EUR2

Source

  Monthly cost for ofatumumab 3616 345 Ofatumumab was used off-label for MS in 2018. Ofatumumab was sold as 
100 mg units at an assumed price of 7233 SEK [54] before deregistration 
for this dosage and administration form in 2019 [55]. A 300 mg dose every 
6 months was assumed based on the SMSreg data. A monthly cost of 3616 
SEK was applied for ofatumumab from averaging 50 mg per month on treat-
ment

  Monthly cost for ocrelizumab 18,182 1734 Ocrelizumab is sold as 300 mg units at an assumed price of 54,546 SEK 
[56]. 300 mg equates to 1 dose [57]. Treatment initiation involves 1 dose in 
week 1 and a further dose in week 3 with a maintenance protocol of 2 doses 
(600 mg) administered every 6 months from treatment initiation (week 1) 
[57, 58]. A monthly cost of 18,182 SEK was applied for ocrelizumab from 
averaging 100 mg per month on treatment

(2) Productivity  losses4

 Monthly salary including the 
employer contributions

47,443 4525 The average value of a month of production was inferred from the mean 
monthly salary including employer contributions. The mean monthly sal-
ary for all sectors in 2020 was retrieved from Statistics Sweden [45]. The 
employer social security contributions for 2020 (31.42%), available from 
the Swedish Tax Authority, were then added to the mean monthly salary to 
determine the average value of a month of lost production [46]

DRG diagnosis-related group, EUR Euro, PwMS People with multiple sclerosis, SEK Swedish krona, SMSreg Swedish Multiple Sclerosis Regis-
try
1 Unit costs were for 2020. Where this was not possible, the most recent unit cost was inflated to 2020 SEK values with the annual Harmonised 
Indices of Consumer Prices for healthcare [59]
2 Conversion to EUR to facilitate international comparisons with conversion via the 2020 annual exchange rate of 10.4848 [34]
3 Drug costs also included the costs for prescribed drugs dispensed in community pharmacies. The costs of these drugs were collected directly 
from the register
4 Productivity losses are presented as sickness absence costs and disability pension costs, based on the social insurance used to infer the months 
of hypothetically lost production
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Statistical analyses

Propensity score matching was used in this observational 
study to mimic randomisation by constructing a reference 
group with a similar covariate distribution to the PwMS to 
reduce bias in the estimation of the costs of MS [27–29]. 
This matching strategy was deemed advantageous as it pro-
vided intuitive estimates of the cost of MS by design rather 
than conditioned on a subgroup of PwMS in subsequent 
analyses, and it allowed for simpler statistical analyses with 
reduced variance in the estimates [27, 29]. Furthermore, it 
can be problematic to directly adjust for comorbidities in 
register-based MS research due to difficulty in disentangling 
whether another diagnosis is unrelated or connected as a 
symptom or consequence of MS [21, 60]. Adjustment for 
diagnoses related to MS would be an overadjustment and 
lead to underestimations of the excess costs of MS.

The propensity score was estimated with a logistic regres-
sion model with MS status (MS vs. no MS) as the outcome 
and the following baseline factors, with information from 
31 December 2017, as independent variables: sex (women, 
men), age (years), born in Sweden (yes, no), degree of 
urbanisation of their municipality of residence (binary vari-
ables for each, cities: densely populated areas; towns and 
suburbs: intermediate density areas; and rural areas: thinly 
populated areas), educational level dichotomised as univer-
sity education (yes, no), and family composition classified 
as child living at home (yes, no) and cohabiting or married 
(yes, no). The predicted probabilities of MS status (propen-
sity scores) were then used to create a matched sample of 
references. We used a calliper width of 0.25 and the greedy 
nearest neighbour matching method without replacement 
[27–29]. To determine covariate balance between the PwMS 
and matched references, we calculated standardised mean 
differences for each included baseline factor before matching 
among all potential references (n = 1,348,695) in comparison 
with the PwMS and then reassessed the standardised mean 
differences for the 28,060 selected references. The threshold 
to indicate imbalance was set at > 0.1 [61, 62]. Common 
support was assessed by comparing the propensity score 
distributions of the PwMS and references.

After the propensity score matching, descriptive statistics 
of the matched study population were conducted. All indi-
viduals were included in the statistical analyses to enable 
inference on the entire study population, including those 
with zero costs. Costs were reported as annual means per 
person with 95% confidence intervals (CIs). The estimated 
population mean is widely thought as the cost statistic of 
most interest to policy makers and easily interpretable 
[63]. Median values and interquartile ranges (IQR) are also 
reported given the characteristic right-skewed cost data 
with a mass of zero observations [63]. Among all, 16.6% 

of individuals accrued 0 healthcare costs (PwMS = 2.1%, 
references = 18.0%) and 81.6% had 0 productivity losses 
(PwMS = 51.1%, references = 84.6%) within 2018. The rela-
tive difference in mean per person costs was calculated as a 
ratio by dividing the costs among PwMS with those among 
references. The proportions of individuals with resource use 
underlying each cost category were presented (yes, no). Dif-
ferences in resource use between the PwMS and the matched 
references were tested with chi-square tests.

Excess costs were the costs of MS, isolated by comparing 
the all-cause costs among PwMS with those of the matched 
references [21]. Accordingly, excess costs were the mean 
cost differences between the PwMS and the references for 
each cost category that we calculated with direct compari-
sons from two-tailed Student’s t-tests. These excess cost esti-
mates without adjustment provide a mean value across all 
individuals, irrespective of age, sex, or other characteristics 
[64]. The relatively large study population and study design 
with matched references enabled relatively simple analy-
ses [63]. Furthermore, further adjustment with regression 
modelling was not considered necessary to remove residual 
confounding after the propensity score matching, as none of 
the observed covariates indicated imbalance (standardised 
mean differences > 0.1), suggesting a well matched reference 
group [62]. Lastly, bootstrapped bias-corrected percentile 
CIs for the excess cost estimates were computed from 2000 
iterations to indicate the plausible range of values for the 
population parameter [65].

Data management (except for costing in STATA v15) 
and statistical analyses were performed using SAS v.9.4. 
The Regional Ethical Review Board of Stockholm, Sweden 
approved the project.

Results

Study population

The mean age of the PwMS was 45.3  years (95% CI 
44.9–45.7). Through propensity score matching, 28,060 
residents in Stockholm without MS were matched to the 
2806 PwMS. All baseline factors included in the propensity 
score had standardised mean differences < 0.1 after match-
ing (Table 2) and the distributions of the propensity scores 
overlapped (Online Resource 3).

Costs of PwMS

The mean annual costs for healthcare resource consumption 
and productivity losses of PwMS and matched references 
are visualised in Online Resource 4 and detailed in Online 
Resource 5. Productivity losses were the largest cost for both 
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the PwMS (16,922 EUR per person, 95% CI 16,101–17,742) 
and references (3748 EUR, 95% CI 3608–3888), with an 
average 4.5-fold higher productivity loss among PwMS. The 
corresponding mean annual healthcare costs were 9595 EUR 
(95% CI 9189–10,000) per person with MS and 2214 EUR 
(95% CI 2146–2282) for the references, equating to 4.3-fold 
higher healthcare costs among PwMS.

Excess costs of MS and differences in resource 
utilisation

The excess costs of MS with bootstrapped 95% CIs are visu-
alised in Fig. 2 and summarised in Table 3. There was a 
mean annual excess productivity loss of MS of 13,173 EUR 
(95% CI 12,352–14,019) per person with MS. Disability 
pension costs comprised 79.3% of this excess. More PwMS 

Table 2  Standardised mean differences between the people with multiple sclerosis (PwMS) and references without multiple sclerosis before and 
after matching. Source: Own elaboration

PwMS People with multiple sclerosis, SD standard deviation
a Variables measured on the 31 December 2017
b Missing values were categorised as no (n =  < 10, 0.00% in the included study population)
c Missing values were categorised as no (n = 386, 1.25% in the included study population)
d Included as years within the propensity score

Variablea PwMS (n = 2806) Reference pool (n = 1,348,695) Matched references (n = 28,060)

n % n % Standardised 
mean differ-
ence

n % Standardised 
mean difference

Propensity score Mean (SD) 0.003 (0.002) 0.002 (0.001) 0.602 0.003 (0.002) 0.000
Sex 0.44 0.000

Women 1969 70.20 662,323 49.10 19,690 70.17
Men 837 29.83 686,372 50.89 8370 29.83

Born in  Swedenb − 0.244 − 0.001
No 554 19.74 407,592 30.22 5550 19.78
Yes 2252 80.30 941,103 69.80 22,510 80.22

University 
 educationc

− 0.048 − 0.001

No 1365 48.65 688,329 51.04 13,670 48.72
Yes 1441 51.20 660,366 48.96 14,390 51.28

Married or cohabit-
ing

− 0.124 0.001

No 1339 47.72 727,177 53.92 13,370 47.65
Yes 1467 52.30 621,518 46.10 14,690 52.35

Living with a child 
(< 18 years)

− 0.019 0.000

No 1784 63.58 869,474 64.47 17,840 63.58
Yes 1022 36.40 479,221 35.50 10,220 36.42

Aged 0.409 − 0.001
19–24 years 53 1.89 154,612 11.46 530 1.89
25–34 years 485 17.28 338,747 25.12 4850 17.28
35–44 years 753 26.84 321,518 23.84 7520 26.8
45–54 years 868 30.93 304,327 22.56 8680 30.93
55–64 years 647 23.06 229,491 17.02 6480 23.09

Degree of urbanisa-
tion of municipal-
ity of residence

Cities 1943 69.24 948,841 70.35 0.024 19,455 69.33 0.002
Towns and suburbs 730 26.02 343,640 25.48 − 0.012 7305 26.03 0.000
Rural areas 133 4.74 56,214 4.17 − 0.028 1300 4.63 − 0.005
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had productivity losses (48.9%) than references (15.3%; p 
value < 0.001) (Online Resource 6).

Differences in the proportions of users of healthcare 
resources and excess costs of MS for healthcare were 
observed. Among PwMS, specialised outpatient health-
care settings had the most users (79.6% PwMS vs. 48.9% 
references, p value < 0.001). References had most users in 
primary healthcare settings but at a lower proportion than 
among the PwMS (65.5% references vs. 75.9% PwMS, 
p value < 0.001). A mean annual excess cost of MS for 
healthcare of 7381 EUR (95% CI 6991–7816) was dis-
cerned per person with MS. While PwMS had a higher 
percentage of their total annual healthcare costs publicly 
funded (96.8% vs. 90.4%), there was a mean annual excess 

cost for visit fees and drugs paid out-of-pocket of 91 EUR 
(95% CI 73–107) per person with MS. There was a mean 
annual excess drug cost of 4479 EUR per person with MS 
(95% CI 4224–4769). Disease-modifying therapies con-
tributed 95.2% of these excess costs.

Primary healthcare utilisation and costs

The excess primary healthcare costs of MS are presented 
by healthcare professional in Fig.  3 and tabulated in 
Online Resource 7. Primary healthcare costs were 2.4-
times higher per person with MS, with a mean annual cost 
for primary healthcare of PwMS of 1181 EUR (95% CI 
1060–1302) per person and 486 EUR (95% CI 475–498) 

Fig. 2  Annual mean excess costs of MS per person for healthcare 
consumption and productivity losses, as well as the sum of all-cause 
costs among PwMS and their propensity score matched references 
without MS. Notes: Total societal costs are in orange, healthcare 
costs and component costs are displayed in blue, and the productivity 
losses and component costs are displayed in green. The paler of the 
respective colour represents the excess costs of MS. The costs stated 
refer to these excess costs of MS. Each entire column represents the 

sum of all-cause costs among PwMS and the darker portion of the 
column the costs among the matched references without MS. The 
annual exchange rate for 2020 from SEK to EUR from Eurostat was 
10.4848 [34]. Prior to currency conversion, if required, the unit costs 
were inflated to 2020 Swedish prices using the annual Harmonised 
Indices of Consumer Prices for healthcare available from Eurostat 
[59]. EUR Euros, MS multiple sclerosis, PwMS People with multiple 
sclerosis, SEK Swedish krona. Source: Own elaboration
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for the references. This resulted in a mean annual excess 
cost of 695 EUR (95% CI 585–832) per person with 
MS. Primary healthcare constituted 9.4% of the excess 

healthcare costs of MS. A higher proportion of PwMS had 
primary healthcare visits at the clinic (74.3% vs. 65.3%, p 
value < 0.001) or home (13.8% vs. 1.2%, p value < 0.001) 

Table 3  Summary of the excess 
costs of MS per  persona from 
mean differences in the costs 
among PwMS (n = 2806) and 
propensity-score matched 
references (n = 28,060) with 
bootstrapped 95% CIs. Source: 
Own elaboration

CI confidence interval, EUR Euros, MS multiple sclerosis, PwMS People with multiple sclerosis, SEK 
Swedish krona
a The annual exchange rate for 2020 from SEK to EUR from Eurostat was 10.4848 [34]. Prior to currency 
conversion, the unit costs were inflated to 2020 Swedish prices using the annual Harmonised Indices of 
Consumer Prices for healthcare available from Eurostat [59]

Cost category Excess per 
person costs of 
MS (EUR)

(95% CI) p value Percentage the cost 
category contributes

Total societal costs 20,554 (19,552 to 21,549) < 0.001
Healthcare costs 7381 (6991 to 7816) < 0.001 100.00
 Inpatient healthcare costs 1159 (928 to 1394) < 0.001 15.70
 Specialised outpatient 

healthcare costs
1048 (959 to 1133) < 0.001 14.20

 Primary healthcare costs 695 (585 to 832) < 0.001 9.42
 Drug costs 4479 (4224 to 4769) < 0.001 60.68

Productivity losses 13,173 (12,325 to 14,019) < 0.001 100.00
 Sickness absence costs 2727 (2278 to 3186) < 0.0001 20.70
 Disability pension costs 10,446 (9636 to 11,206) < 0.0001 79.30

Fig. 3  Annual mean excess costs of MS per person for primary 
healthcare by healthcare professional. Notes: The paler colour repre-
sents the excess costs of MS. The costs stated refer to these excess 
costs of MS. Each entire column represents the sum of all-cause costs 
among PwMS and the darker portion those among the matched ref-
erences without MS. The first registered healthcare professional per 
contact is used. Primary healthcare costs in this figure are presented 
excluding the patient out-of-pocket copayment in the form of visit 
fees. The mean annual cost per person for copayments for primary 

healthcare were estimated to be 52 EUR (95% CI 51–54) for PwMS 
and 38 EUR 95% CI 38–39) for the references. The annual exchange 
rate for 2020 from SEK to EUR from Eurostat was 10.4848 [34]. 
Prior to currency conversion, the unit costs were inflated to 2020 
Swedish prices using the annual Harmonised Indices of Consumer 
Prices for healthcare available from Eurostat [59]. CI confidence 
interval, EUR Euros, MS multiple sclerosis, PwMS People with multi-
ple sclerosis, SEK Swedish krona. Source: Own elaboration
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compared with references, but similar proportions had dis-
tance contacts (3.78% vs. 3.74%, p value 0.917). Excess 
costs of MS for clinic visits (237 EUR, 95% CI 197–274), 
home visits (444 EUR, 95% CI 342–560) were observed 
but no excess costs of MS for distance contacts (p value 
0.830). Physicians were the most contacted healthcare pro-
fessional among PwMS (66.5%) and references (58.5%, p 
value < 0.001). Higher proportions of PwMS than refer-
ences had contact with nurses, physiotherapists, occupa-
tional therapists, and nurse assistants (p values < 0.001). 
Excess costs of MS were observed for all investigated 
healthcare professionals. Having MS was associated with 
a mean annual excess cost per person of 86 EUR (95% CI 
66–107) for primary healthcare contacts with physicians, 
198 EUR (95% CI 146–251) with nurses, and 397 EUR 
(95% CI 325–493) with other healthcare professionals.

Discussion

This population-based register study quantifies the socio-
economic burden of MS in Sweden as the excess costs of 
MS calculated in comparison with the costs of propen-
sity-score matched references. The mean annual excess 
costs were 7381 EUR for healthcare and 13,173 EUR for 
production losses per working-aged person with MS. In 
relative terms, this equated to 4.3-fold higher healthcare 
costs and 4.5-fold higher productivity losses per person 
with MS. PwMS had a mean annual excess cost of 695 
EUR per person for primary healthcare, mostly from con-
tacts with healthcare professionals other than physicians. 
The excess costs of MS outside the health system were 
substantial, especially due to lost productivity when dis-
ability pensioned.

Our findings update previous estimates from Sweden. 
Gyllensten et al. found that the mean excess costs of MS 
for working-aged PwMS were lower in 2012 at 8807 EUR 
for healthcare costs and 14,700 EUR for productivity 
losses, than in 2006 (2020 values) [6]. Our estimates are 
slightly lower again, notwithstanding inclusion of pri-
mary healthcare. The excess costs of MS were driven by 
disease-modifying therapies and permanent reductions of 
work capacity (disability pension costs), consistent with 
previous research [6, 66]. In addition to earlier diagnoses 
[19], new treatments have entered the market [17] chang-
ing healthcare utilisation, e.g., moving from inpatient to 
outpatient healthcare, as well as reducing MS disability. 
Accordingly, offsets of these treatment costs from savings 
of other healthcare resources [67] and maintained work 
capacity [6] have been suggested. Economic modelling 
also supports the notion that early initiation of treatment is 
cost saving to society [68]. This finding was robust across 
models, including a Sweden-specific model, and more 

costs were saved from averting MS the longer the time 
horizon [68]. Our relatively low excess healthcare costs 
of MS could also be influenced by rituximab being widely 
used off-label [17]. We observed 43.3% with rituximab 
infusions within 2018. The high use of rituximab, espe-
cially among PwMS with high inflammatory activity or 
relapses [47], influences our cost estimates given the lower 
unit costs compared with alternative treatments available.

Our study is unique in quantifying the excess costs of 
MS for primary healthcare from real-world resource con-
sumption. These costs comprised 9% of the excess health-
care costs of MS, updating knowledge on the cost structure 
of MS. We observed widespread primary healthcare uti-
lisation by PwMS and excess primary healthcare costs of 
MS were largely for professionals other than physicians, 
consistent with the recommendations for multidisciplinary 
care to manage MS and the wide range of symptoms [15]. 
Therefore, indicating not just more but a different pattern 
of utilisation by PwMS. In a previous study of 121 PwMS 
in Stockholm County, nurses, physicians, physiotherapists, 
and occupational therapists were the most sought after pri-
mary healthcare professionals over 10 years of follow-up 
[14]. With a single observation year, the same profession-
als each represented > 5% of all primary healthcare con-
tacts among the PwMS, with the addition of nurse assis-
tants. In any country, healthcare for PwMS is provided 
by both primary care and specialised units, in particular 
neurology departments or even MS-specific centres. In 
Sweden, there are roughly 60 neurology centres provid-
ing specialised MS healthcare. This study shows that in 
Stockholm, primary care for PwMS includes rehabilitative 
services by occupational therapists and physiotherapists 
and care provided by nurses with smaller additional costs 
for primary healthcare physicians. Hence suggesting that 
neurologists provide not only specialised MS care but also 
service more general medical needs of PwMS. It is pos-
sible that this pattern of healthcare use is more prominent 
in Stockholm, owing to the high concentration and prox-
imity to neurologists, compared with smaller towns and 
rural areas.

Excess costs of MS were observed for all healthcare set-
tings. The excess costs of MS for primary healthcare were 
of a smaller magnitude than for the higher cost settings of 
specialised out- and inpatient healthcare. PwMS often have 
parallel use of healthcare services in different departments 
and types of healthcare [11]. Future research should investi-
gate the department, procedures, and diagnoses contributing 
to the excess healthcare costs of MS and underlying changes 
in productivity in the era of modern therapy [14].

The socioeconomic burden of MS reaches beyond the 
healthcare system [66]. Productivity losses increasingly 
outweigh the healthcare costs with worsening MS, as MS 
particularly affects young adults with the potential for many 
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more years of paid work [7, 66]. Our excess productivity 
losses of MS were larger than previous estimates from 
newly-diagnosed PwMS and predominately from perma-
nent work incapacity [9]. Whereas the mean annual excess 
sickness absence costs around MS diagnosis were larger 
than observed in our prevalent cohort [9]. The excess pro-
ductivity losses owing to sickness absence and disability 
pension reflect challenges that PwMS face to maintain work 
capacity and remain in or return to work. These excess costs 
of MS can indicate unmet needs among this population 
regarding morbidity as well as work adaptions. Interven-
tions, including early initiation of high-efficacy disease-
modifying therapies, to promote the maintenance of work 
capacity of PwMS are required to address this unmet need 
and high costs.

The major strengths of this study were the population-
based design and the use of high-quality register micro-
data [69–72]. The excess costs of MS mirrored real-world 
resource utilisation and were not dependent on recall. We 
had a relatively large study population compared with pre-
vious Swedish studies of primary healthcare use among 
PwMS [11, 12, 73]. Further, a reference group from the 
same source population was included to calculate the excess 
costs of MS. Excess costs are well suited for isolating the 
costs of MS [21]. Comorbidities are common among PwMS 
and may also influence wider resource use, with complex-
ity as to the causal relationship with MS [60, 74]. It is not 
always apparent which diagnosis the resources should be 
attributed to [21, 60]. Hence estimates of excess costs 
through comparisons with a reference group have a lower 
risk of classification errors owing to whether the wider reg-
ister-based resource use was due to MS, or not, than costs 
informed only by resource use coded with an MS diagnosis 
[6]. Accordingly, we were able to estimate the excess costs 
directly and indirectly related to MS, to accurately meas-
ure the wider costs of MS. Propensity-score methods are 
increasingly used in MS and cost-of-illness studies with 
observational real-world data to reduce confounding and 
account for individual-level factors in expected resource 
use [21, 28, 61, 75]. By achieving covariate balance after 
matching, we avoided the need for double adjustment 
through modelling [62]. However, there is potential for 
residual confounding from other factors, whether unmeas-
ured or unknown [29].

Our findings should be interpreted considering limita-
tions. The PwMS were sourced from the SMSreg, which has 
high coverage [76]. However, 841 individuals were removed 
as potential references for having an MS code in another 
register. These individuals may have differed to those in 
the SMSreg, e.g., individuals with MS codes for primary 
healthcare or disability pension may have been older, have 
progressive MS, and not be treated with disease-modifying 

therapies. Rituximab was an exclusion for potential refer-
ences because of the high frequency of use for MS but pos-
sibly excluded individuals not having MS [17, 48]. Optic 
neuritis (H46), one of the other demyelinating diseases, was 
unable to be identified from the NPR.

The main limitation is the lack of register data for both 
PwMS and references regarding other relevant cost catego-
ries, including community services, adaptations, informal 
care, reduced productivity at work, as well as productiv-
ity losses from sickness absence spells ≤ 14 days. The true 
excess costs of MS are likely to be higher with these costs 
included.

For the included costs, there are also important consid-
erations. Healthcare costs were largely based on aggregate 
average unit costs as proxies for the actual costs [38]. These 
should cover the standard treatment burden and foster com-
parison with other studies, but may underestimate costs 
in situations requiring higher than average resources. To 
avoid temporal biases from the rearrangements of health-
care during the COVID-19 pandemic, earlier unit costs were 
used for healthcare visits and inflated to 2020 values. If the 
routines implemented continue, these costs are accordingly 
underestimated. The administration costs for disease-modi-
fying therapies are presumed to be included within the spe-
cialised outpatient healthcare costs, although visits without 
involvement of a physician were not recorded in the data and 
consequently the full treatment costs are underestimated. 
There is also a slight overestimation of patient copayments 
from including separate caps for specialised outpatient and 
primary healthcare visits. Lastly, only primary healthcare 
financed by Region Stockholm was captured in the data, 
leading to underestimations of care sought elsewhere.

The generalisability of the excess cost estimates and 
resource use may be limited to settings with similar univer-
sal coverage for social security and healthcare and labour 
market/job security regulations. The observed patterns of 
resource utilisation and resulting costs reflect the healthcare 
organisation, medical traditions, and access of the working-
aged individuals with adult-onset MS in a largely urban area. 
Sweden has a comparatively low average number of hospital 
beds per capita as well as physician consultations [77], the 
latter suggested to be related to the central role of nurses 
[78]. The regional financing and provision of healthcare in 
Sweden may also influence the service availability and uti-
lisation patterns [79]. There are also likely differences in 
the magnitude of costs and distribution of cost components 
among the PwMS, for example, by disability level [7, 66] or 
among those with late onset MS [80, 81]. The latter being 
much less studied. The excess costs of MS presented are the 
additional cost on top of regular expenditure per individual. 
The excess costs of MS are considerable with approximately 
20,000 working aged PwMS throughout Sweden [82].
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Conclusions

In this population-based study with real-world data, costs 
for healthcare consumption and lost production were com-
pared between a prevalent cohort of working-aged people 
with MS and propensity-score matched references to esti-
mate the magnitude of the socioeconomic burden of MS. 
PwMS had substantially higher costs from healthcare use, 
including primary healthcare, and production losses than 
references. Primary healthcare contributed a tenth of the 
excess healthcare costs of MS, largely from contacts with 
professionals other than physicians, updating knowledge on 
the cost structure of MS. The excess costs of MS from lost 
production in this prevalent MS cohort were larger in mag-
nitude than healthcare consumption. The substantial excess 
costs of MS indicate potential unmet needs in the MS popu-
lation. Interventions to reduce morbidity and support PwMS 
to stay or return to work are vital.
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