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Abstract

Background Multiple sclerosis (MS) causes work disabil-

ity and healthcare resource use, but little is known about

the distribution of the associated costs to society.

Objectives We estimated the cost of illness (COI) of

working-aged individuals with MS, from the societal per-

spective, overall and in different groups.

Methods A population-based study was conducted, using

data linked from several nationwide registers, on 14,077

individuals with MS, aged 20–64 years and living in

Sweden. Prevalence-based direct and indirect costs in 2010

were calculated, including costs for prescription drug use,

specialized healthcare, sick leave, and disability pension.

Results The estimated COI of all the MS patients were

SEK 3950 million, of which 75% were indirect costs. MS

was the main diagnosis for resource use, causing 38% of

healthcare costs and 67% of indirect costs. The distribution

of costs was skewed, in which less than 25% of the patients

accounted for half the total COI.

Conclusions Indirect costs contributed to approximately

75% of the estimated overall COI of MS patients of

working age in Sweden. MS was the main diagnosis for

more than half of the estimated COI in this patient group.

Further studies are needed to gain knowledge on devel-

opment of costs over time during the MS disease course.

Keywords Multiple sclerosis � Cost of Illness � Registries �
Third-party payers � Socioeconomic factors � Sick leave

JEL Classification I140 � I180 � H510 � H550

Introduction

Multiple sclerosis (MS) is a neurological, often progressive

disease and the most common degenerative neurological

disease in people of working age [1]. Most individuals are

diagnosed when aged 20–40 years [2] and the disease often

results in different types of disability that impact work

participation and cause sickness absence and disability

pension. Thus, MS leads to both work disability and

healthcare resource use. It has been estimated that, in 2005,

the annual cost of MS in Sweden was 600 million euros [3].

However, previous estimations of the economic impact of

MS in society have predominantly been limited to infor-

mation from questionnaires distributed to patients either

attending a specific healthcare unit or who were members

of a specific patient organization, and response rates have

sometimes been low (and often not reported); the range

was 16–99%, [4]. Thus, little is known about the repre-

sentativeness of the estimated impact from those studies for

all individuals with MS (hereafter called MS patients) in a

country [4]. Regarding a disease like MS, with large recent

and ongoing changes in the treatment, up-to-date
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knowledge of costs is necessary for real-world cost-effec-

tiveness assessment when implementing and making

decisions on reimbursement of new treatments [5], but such

estimates also need to be representative of costs in the

whole patient population.

Studies of the economic burden of diseases are often

referred to as cost-of-illness (COI) studies; such studies are

used for estimating the economic impact of a disease in

society, and the distribution of costs between payers [6–8].

In most countries, costs affect different authorities or

organizations. In Sweden, for example, county councils are

responsible for organizing healthcare while another

authority handles the bulk part of sick leave and disability

pension benefits, namely the Social Insurance Agency [9].

To ensure that a wide spectrum of economic consequences

in society are accounted for, the COI can be measured from

a societal perspective, including both direct (opportunity

costs of resources used, such as healthcare and drug use)

and indirect costs (productivity costs: costs resulting from

lost productivity due to, e.g., morbidity) [10].

In addition, several sociodemographic factors may

affect the development of MS [2] or the COI of MS

patients. Comorbidities, such as mental disorders, are

common among MS patients [11], and the occurrence of

comorbidities has been associated with higher disability

pension prevalence among MS patients [12]. Thus, differ-

ent attempts to elucidate aspects of comorbidities for cost

outcomes are warranted.

The aim of this study was to estimate the societal COI of

MS patients of working age in Sweden and to specify the

distribution of those costs. Another aim was to explore the

distribution of costs between diagnoses (both MS and other

diagnosis groups) among MS patients. Finally, to investi-

gate if the costs resulting from resource use with MS as the

main diagnosis varied by sex, socioeconomic factors, and

years since being diagnosed with MS.

Materials and methods

Participants and data collection

In this cross-sectional nationwide population-based study,

the study population consisted of all individuals previously

diagnosed with MS who were aged 20–64 years on 31

December 2010 and lived in Sweden all of 2010. Data from

several nationwide registers was used, linked by the personal

identification number each resident in Sweden is given.

Individuals with MS were identified based on diagnosis

information from the National Patient Register (PAR),

from the National Board of Health and Welfare, and from

sick leave and disability pension diagnoses from the Micro-

Data for Analysis of the Social Insurance System (MiDAS)

register at the Social Insurance Agency [13]. Individuals

with at least one International Classification of Disease

(ICD), versions 9 or 10, code indicating MS (340 and G35,

respectively) were included as MS patients, including all

diagnoses available in the registers up to and including the

year 2010. From PAR, information on MS diagnoses from

inpatient care was identified from 1987 onwards, and from

specialized outpatient care from 2001. Disability pension

diagnoses were available from 1994 and sick-leave diag-

noses from 2005. Among identified MS patients, the dis-

tribution of costs between MS and other diagnosis groups,

during 2010, was discerned using ICD-10 codes. Infor-

mation regarding sociodemographics for each of the MS

patients was obtained from the Longitudinal Integration

Database for Health Insurance and Labor Market Studies

(LISA) database at Statistics Sweden.

The Regional Ethical Review Board in Stockholm

approved of the project (2007/762-31; 2014/236-32).

Costs

The cost estimates were prevalence based, i.e., they

included the costs during 2010, irrespective of whether the

prevalent sickness absence or disability pension began

before or continued after 2010. Costs for hospitalizations

were assigned to the date of discharge to calculate the

prevalence-based costs during 2010.

Direct costs included dispensed prescription drugs and

specialized in- and outpatient healthcare use. Costs for

dispensed prescribed medication were identified from the

Swedish Prescribed Drug Register [14], administrated by

the National Board of Health and Welfare. Healthcare costs

(including costs for medication administered at hospitals to

patients) were calculated from the Diagnosis Related

Group (DRG) codes from PAR. DRG is a tool for grouping

patients based on similar resource use, using information

about diagnoses, procedures performed, age, sex, and status

at discharge [15]. DRG codes were translated to costs using

DRG weights published annually by the National Board of

Health and Welfare, and the national average cost per 1.0

DRG (SEK 45,430 in 2010 [16]).

For the estimation from the societal perspective, costs

for prescription drugs included both patient cost and the

reimbursement paid by the county councils. For each

individual, patient copayments for visits to physicians in

specialized healthcare (SEK 300 per visit, according to the

Swedish Association of Local Authorities and Regions)

were added up to the national ceiling (SEK 900 [9]),

assuming that the reimbursement period starts on 1 Jan-

uary. The daily inpatient fee was added (SEK 80 per day in

hospital for all aged C18 years [9]) for each day in hospital.

Estimated indirect costs in the overall COI estimate were

the productivity losses, identified from sick-leave benefits
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and disability pension benefits registered in the LISA

database. In the analyses of costs by diagnosis codes, the

productivity loss due to net days on sick leave and dis-

ability pension, registered at the Social Insurance Agency,

was used, since the LISA database does not include sick

leave or disability pension diagnoses. The indirect costs

were calculated by the human capital approach [17], using

age-adjusted mean wage [18] and social security contri-

butions made by employers [19].

Costs paid by the county councils (for healthcare and

medication) and by the Social Insurance Agency (sick

leave and disability pension benefits) were estimated, as

part of the overall COI. The estimate included the reim-

bursed drug costs from the Swedish Prescribed Drug

Register and the healthcare costs estimated from DRG

weights (excluding patient copayments and the daily

inpatient fee). Benefits paid by the Social Insurance

Agency included costs for sick leave and disability pen-

sion,1 i.e., transfers. These benefits should not be viewed as

a sub-component of the estimated indirect costs but esti-

mate the costs paid by the third party payer for reimbursing

lost wages.

Analyses

Prevalence of MS in the total population 20–64 years of age

in Sweden (5,496,770 individuals [20]) was calculated.

Descriptive socio-demographic characteristics of the MS

patients were reported regarding sex, age-groups, educa-

tional level, country of birth, type of living area (based on

population density), geographic region, prescription drug

use, healthcare use, sick leave, and disability pension. The

overall societal COI, distributed between MS and other

diagnostic groups, among MS patients, was calculated based

on the main diagnosis, for healthcare resources used, and for

sick leave and disability pension, respectively. To identify

differences by sex in the distribution of costs, both the

overall cost in each diagnosis group and the average cost by

each sex was calculated. Accumulation of costs by compo-

nents was described graphically to indicate the distribution

of costs among MS patients. Individuals were sorted by age

and by COI per person, respectively. The average direct,

indirect, and overall MS-related costs are presented. Com-

parisons of costs, by individual characteristics and socioe-

conomic groups, were made using two-tailed t-tests with

unequal variances or ANOVA (statistical significance:

p\ 0.05). Due to skewness of cost data, 95% confidence

intervals were calculated using a bootstrap with 1000 iter-

ations. The main results are also presented in euros (average

annual exchange rate 2010: 1 euro = SEK 9.54).

Results

Of the 14,077 identified MS patients of working age, most

were women (71%), born in Sweden (89%), and aged[45

years (62%) (Table 1). The identified MS patients corre-

spond to a MS prevalence of 0.26%, or 256 per 100,000

individuals of working age. The estimated total COI of

these patients in 2010 was SEK 3950 million (approxi-

mately 414 million euros). Cost components in the overall

COI, and the share of the overall COI that were paid for by

the county councils and the Social Insurance Agency,

respectively, are reported in Table 2. Indirect costs corre-

sponded to 75% of the total COI.

Of all direct healthcare costs among the MS patients,

38% were for resource use with MS as the main diagnosis

(Table 3). Based on main diagnosis groups, diseases of the

nervous system (including MS), and of the genitourinary

system represented diagnoses with the highest resource use

in the MS patients, overall and both among women and men.

Among men, mental disorders were also among the diag-

noses with the highest resource use, while among women,

‘symptoms, signs and abnormal clinical and laboratory

findings, not elsewhere classified’, had high resource use.

On the other hand, resource use with MS as the main

diagnosis represented 67% of the indirect costs from sick

leave and disability pension (Table 4). Mental disorders,

diseases of the nervous system (including MS), and muscu-

loskeletal disorders were diagnoses associated with high los-

ses of productivity, overall, and among both women and men.

The distribution by age showed a higher accumulation of

costs from disability pension among the older MS patients

(Fig. 1). The distribution of costs was skewed among indi-

viduals with MS (Fig. 2 shows the distribution of costs for

each cost component, after sorting MS patients from low to

high COI), with 25% of the population (the 3509 persons to

the far right in the figure) contributing to half the total COI.

The accumulation of prescription drug costs appeared to

occur among MS patients with lower COI.

Direct healthcare costs with MS as the main diagnosis

were higher among young adults, those born outside

Sweden, living in larger cities, or living in the south of

Sweden, compared to other groups (Table 5). Indirect costs

with MS as the main diagnosis were higher among those of

older age, low education, born in Sweden, living in small

municipalities, living in the north of Sweden, or having had

MS for[8 years.

Discussion

This large and population-based study demonstrates that

the overall COI of all the approximately 14,000 individuals

of working age with MS in 2010 was estimated as SEK
1 Sick-leave benefits account for 80% and disability pension for 64%

of lost income, up to a certain level.
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3950 million, or SEK 281,000 per MS patient, of which

75% consisted of indirect costs. The total COI corresponds

to more than 1% of the total annual expenditure on health

care in Sweden.2 Direct costs were to a large extent cov-

ered by reimbursements from the county councils, while

sickness benefits did not give a comprehensive picture of

the impact of MS on lost productivity in Sweden. More

than half of the COI was for resource use with MS as the

main diagnosis. Our mapping of diagnosis groups shows

that in addition to nervous system disorders (including

MS), mental and musculoskeletal disorders contributed

largely to the resource use in this group of patients. The

distribution of costs included in the COI estimate was

skewed in the population with MS, and different segments

of the population with MS contributed to different types of

resource use.

The strengths of this explorative, prevalence-based

study included the use of data from several nationwide

registers of high quality [21, 22], which captured a large

number of MS patients and allowed for subgroup analyses.

The calculated MS prevalence (256 per 100,000 individu-

als) was high compared to previous estimates from Europe

(56–232 per 100,000 individuals [1] and 189 per 100,000 in

Sweden [23]), although the estimated number of individ-

uals with MS in Sweden is comparably low (14,077 in our

study, compared to 17,500 individuals of all ages with MS

in Sweden [23]). This is probably due to the fact that the

focus of this study is people of working age, thus excluding

children/adolescents who have a lower prevalence [23],

and older MS patients included in previous estimates.

Limitations are that the data did not include information

regarding healthcare use delivered by primary healthcare or

municipalities, nor were patient copayments for healthcare

use included in the registers, but were estimated from

average fees for healthcare encounters and based on an

assumption about the reimbursement period and ceiling of

healthcare copayments. Although this assumption neglects

the copayments in primary care and thus overestimates the

copayments, specialized outpatient care represents a large

proportion of outpatient care in this patient group [24] and

copayments are higher per visit in specialized outpatient

care compared to primary care. Regarding methods used for

calculation of costs, the DRG weights and the national

average cost per DRG were used as proxies for healthcare

costs. Thus, our results give an indication of the expected

costs associated with healthcare among individuals with MS.

Costs for drugs administered within healthcare clinics

(i.e., indented drugs) are also not included, because these

are not available in the Swedish Prescribed Drug Register

(but may to some extent be covered by DRGs). This con-

cerns many of the injection drugs used for MS and will thus

Table 1 Description of the study population characteristics

MS patients

n (%)

Sex

Men 4130 (29)

Women 9947 (71)

Age groups

20–24 years old 280 (2)

25–34 years old 1691 (12)

35–44 years old 3387 (24)

45–54 years old 4217 (30)

55–64 years old 4502 (32)

Education

B9 years 1946 (14)

10–12 years 6873 (49)

C13 years 5196 (37)

missing 62 (0.4)

Country of birth

Sweden 12,580 (89)

Other than Sweden 1497 (11)

Type of living area*

Larger cities 5189 (37)

Medium-sized municipalities 4927 (35)

Smaller municipalities 3961 (28)

Geographic region**

East Sweden 5330 (38)

South Sweden 6054 (43)

North Sweden 2693 (19)

Healthcare resource use, during 2010***

C5 prescription drugs 7534 (54)

C1 specialized outpatient visit 10,618 (75)

C1 hospitalization 2992 (21)

Income, during 2010***

Disposable income (mean±SD), SEK 185,854 ± 215,793****

Any sick leave 2861 (20)

Any disability pension 7263 (52)

SD standard deviation, MS multiple sclerosis, n number of people

* Based on population density according to the H-region classification

scheme: larger cities (H1-H2), medium-sized municipalities (H3-H4),

or smaller municipalities (H5-H6) [45]

** Based on Eurostat’s Nomenclature of Territorial Units for Statis-

tics classification (NUTS1): East Sweden (SE1), South Sweden

(SE2), or North Sweden (SE3) [46]

*** Figure does not add up to 100%, only one category reported

**** Excluding 33 individuals with negative disposable income and

41 individuals with zero values on disposable income. Disposable

income is calculated for each individual from the family’s total

income, including earnings, benefits, and other sources

2 According to the System of Health Accounts, provided by Statistics

Sweden, the total cost in 2010 was SEK 298,721 million, including

somatic, psychiatric and dental curative and rehabilitative care, long-

term care, medical goods such as prescribed drugs, preventive care,

and governance and administration.
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result in an underestimation of the COI among MS patients.

Data from the Swedish Multiple Sclerosis register

(SMSreg) indicate that in 2010, some 1100 patients were

continuously on natalizumab (an infusion drug used

exclusively for MS and administered in healthcare units;

not prescribed to patients). With a price of approximately

200,000 SEK per year for natalizumab, this means that the

estimated societal cost for MS drugs was underestimated

by SEK 200 million (approximately 5% of the estimated

COI).

In this study, sick leave paid by the employer (usually

the first 14 days of a sick-leave spell) and not reimbursed

by the Social Insurance Agency, was not included. Thus,

the indirect costs were slightly underestimated. Half of the

MS patients of working age had disability pensions and

20% had (reimbursed) sickness absence at least once dur-

ing 2010, which was in line with previous results from

Ireland, where 25% of MS patients worked full-time and

20% had no financial support due to the disease [25].

However, it is the long sick-leave spells that generate the

highest costs. Concerning indirect costs, it has been sug-

gested that the human capital method for calculating

indirect costs overestimates the productivity losses from

disease [26]. The alternative methods have, however, also

been criticized [27]. Based on our calculated cost paid by

the Social Insurance Agency for sick leave and disability

pension, a more conservative estimate is provided,

although this does not correspond to lost productivity but to

actual transfer payments to patients on sick leave and

disability pension.

Moreover, costs not available in nationwide registers

should also be accounted for, as part of the economic

impact of MS, including long-term care, early mortality

costs, and intangible costs resulting from MS [28]. Previ-

ous studies of bottom-up design, using patient inquiries,

have identified resource use for both formal and informal

home care [29], and intangible costs associated with MS

relapses [30], which were not available in the current study.

It has been reported that approximately 20% of patients

changed residence due to MS and that 35% required

assistance of more than 1 h daily [25]. According to pre-

vious studies, social services and intangible costs have

been suggested to represent 20–50% of the overall COI of

MS [30]. In particular, costs for community services, such

as personal assistants, appears to represent a large cost

component among Swedish MS patients in more severe

disease states [5].

Thus, our results of COI of MS are probably an under-

estimation, as some resource use was not included, which

needs to be taken into account when interpreting and

comparing results between studies. This study presents an

attempt at identifying costs for all patients with MS on a

national level, using national registers of costs, a novel

method that has previously only been reported for Danish

MS patients [31]. Future studies of the full economic

impact of MS are thus warranted (and possible), combining

data from top-down studies based on nationwide registers

and bottom-up studies using comprehensive data on

resource use collected from patients through, e.g., ques-

tionnaires. These are two different approaches for COI

Table 2 Overall COI from the perspective of the society, and costs paid by the counties and the Social Insurance Agency, for MS patients

Overall societal COI Of which paid by county councils and the Social

Insurance Agency (i.e., transfers)

SEK (%) SEK (% of total*)

Prescription drug use 583,441,517 (15) 560,027,154 (96)**

Outpatient specialized healthcare use 140,758,388 (4) 133,977,488 (95)**

Inpatient healthcare use 271,472,848 (7) 269,125,488 (99)**

Direct costs 986,544,512 (25) N/A

Sick leave*** 328,809,660 (8) 137,240,200 (42)****

Disability pension 2,634,726,838 (67) 799,137,300 (30)****

Indirect costs 2,963,536,506 (75) N/A

COI 3,950,081,018 (100) N/A

The exchange rate is approximately SEK 10 to 1 euro

COI cost-of-illness, MS multiple sclerosis, N/A not applicable, SEK Swedish krona

* Proportion of the total cost for each cost category, compared to the overall COI

** Direct costs not accounted for are the patients’ copayments for prescription drugs and healthcare

*** Calculated based on all sickness benefits, i.e., sickness benefit, preventive sickness benefit, work injury benefit, and rehabilitation

compensation

**** The transfer costs are not part of the indirect costs (which indicate the lost production to the employers) but an estimate of the payments

made by the society/third part payer, in this case the Social Insurance Agency, to cover wages unpaid by employers due to sickness among their

employees
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studies [32], and according to a recent literature review the

currently available knowledge of costs among MS patients

is almost entirely based on data from patient surveys with

unclear representativeness in the total population of MS

patients [4]. It has previously been suggested that survey

studies among MS patients have been biased towards

patients with moderate or severe disease and may thus not

fairly represent resource use among patients with less

severe MS disease [3, 33].

Most studies in COI of MS cover other age groups, e.g.,

include also older patients, or include also other types of

costs, e.g., primary healthcare or home care. As the bulk of

indirect costs (sick leave and disability pension) only

concern people of working age, it is important to study COI

especially for this age group. When comparing our results

to those of other studies using a top-down methodology

(i.e., based on data from nationwide registers), our result

(SEK 3950 million/ 414 million euros) is similar to the

estimated costs of MS for all ages in Sweden in 1994: SEK

1736 million [24] (equals approximately SEK 3100 million

in 2010 values using the Swedish healthcare inflation

index). In contrast, our results (&29,400 euros/patient) are

fairly high compared to the estimated costs in Denmark:

14,575 euros per MS patient in 2006 [31]. However, that

study included other resource use as well as MS patients of

all ages, thus making comparisons of average indirect costs

between the studies unfeasible. In all, our estimated pro-

portion of indirect costs in the COI (75%) was comparable

to previous estimates from top-down studies of MS: 80% in

Sweden [24], and 76% in Denmark [31]. In contrast, the

most recent bottom-up study (mainly based on patient

inquiries) for MS in Sweden identified 68% direct costs [3],

of which a large proportion were costs for personal assis-

tance. In all, our estimates are much lower compared to

studies using bottom-up methods, resulting in annual costs

of MS for all ages in Sweden of 586 million euros for 1998

[34], and 600 million euros in 2005 values [3]. However,

those studies also included primary healthcare visits,

informal care, social services, investments/adaptations, and

short-term absence [3, 34]. Thus, the resulting difference

should in part be the difference in cost components inclu-

ded, and in part be the result of how costs are identified

[4, 7], which indicates the methods are complementary.

Our annual COI estimate is the full cost of the included

cost components for MS patients, while most bottom-up

studies seek to identify the costs resulting only from MS.

However, we also reported the costs resulting from

resource use with MS as the main diagnosis. Our estimated

annual COI should, thus, be an overestimation of the COI

of MS, as it does not exclude costs for other diagnosis

groups, while the presented costs resulting from MS in this

study will be an underestimation as it does not take into

account, e.g., drug costs and resource use for which MS

Fig. 1 Distribution of the overall cost-of-illness of individuals with

multiple sclerosis, accumulated by order of age. Asterisk healthcare

costs in this figure do not include patient copayments, but are the

costs paid by the counties and other authorities

Fig. 2 Distribution of the overall cost-of-illness of individuals with

multiple sclerosis by order of accumulated overall cost-of-illness.

Asterisk healthcare costs in this figure do not include patient

copayments, but are the costs paid by the counties and other

authorities
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was a secondary diagnosis. This is an important caution, as

a disease like MS, with known prevalent comorbidities

[35], may result both in increasing resource use during

encounters for other diseases of differing etiology, and be

an underlying cause of other diseases and diagnoses.

Moreover, resource use during encounters with MS as the

main diagnosis may be increased by ongoing comorbidities

[36]. Future analyses of how comorbidities among MS

patients affect the resource use for each condition are

warranted. Estimating the full COI enabled us to distin-

guish additional costs resulting from resource use with

other main diagnoses among MS patients, but the results

need to be interpreted with the issues related to main

diagnoses and secondary diagnoses in mind.

Thus, we found that mental disorders, diseases of the

nervous system (also when excluding MS), musculoskele-

tal disorders, and genitourinary disorders, were the diag-

nosis groups associated with the highest costs among MS

patients in Sweden. MS has been associated with higher

rates of, e.g., bipolar disorder and depression (both inclu-

ded in the group mental disorders) [37]. Moreover, gas-

trointestinal, musculoskeletal, ocular, pulmonary, and renal

disorders are common among MS patients [38], of which,

in particular, gastrointestinal, pulmonary and renal disor-

ders contributed to the overall COI in our study. When MS

patients in Sweden were older compared to the general

population of working age (e.g., 62% above 45 years of age

vs 44% in the general population of working age [20]), and

Table 5 Average overall, direct, and indirect costs with MS as the main diagnosis among MS patients, by individual characteristics and

socioeconomic groups

Overall costs* Direct healthcare costs** Indirect costs

SEK (95% CI) SEK (95% CI) SEK (95% CI)

Sex N.S. N.S. N.S.

Men 143,582 (137,655; 149,510) 11,715 (10,629; 12,800) 131,868 (126,171; 137,564)

Women 146,922 (143,314; 150,530) 10,473 (9844; 11,101) 136,450 (132,973; 139,926)

Age groups (p\ 0.001) (p\ 0.001) (p\ 0.001)

20–24 years old 31,731 (22,618; 40,843) 16,156 (11,332; 20,980) 15,575 (9397; 21,753)

25–34 years old 61,704 (56,159; 67,249) 16,098 (14,073; 18,123) 45,606 (40,719; 50,493)

35–44 years old 111,832 (106,214; 117,449) 13,113 (11,760; 14,467) 98,718 (93,411; 104,026)

45–54 years old 160,848 (155,085; 166,612) 10,232 (9296; 11,169) 150,616 (145,075; 156,157)

55–64 years old 196,387 (190,717; 202,057) 7384 (6638; 8130) 189,003 (183,486; 194,521)

Education (p\ 0.001) N.S. (p\ 0.001)

B9 years 182,424 (173,461; 191,386) 10,702 (9285;12,119) 171,722 (162,942;180,501)

10–12 years 162,481 (157,881; 167,081) 10,809 (10,037; 11,582) 151,672 (147,202; 156,141)

C13 years 111,395 (106,957; 115,834) 10,948 (10,079; 11,817) 100,447 (96,186; 104,709)

Country of birth (p = 0.012) (p\ 0.01) (p\ 0.001)

Sweden 147,325 (144,092; 150,557) 10,457 (9877; 11,038) 136,868 (133,737; 139,998)

Other than Sweden 134,325 (124,646; 144,004) 14,028 (11,980; 16,076) 120,298 (110,937; 129,658)

Type of living area (p\ 0.001) (p\ 0.001) (p\ 0.001)

Larger cities 129,100 (124,155; 134,046) 12,072 (11,041; 13,104) 117,028 (112,272; 121,783)

Medium-sized municipalities 150,827 (145,875; 155,779) 10,634 (9742; 11,527) 140,193 (135,366; 145,020)

Smaller municipalities 161,930 (155,862;167,998) 9470 (8614;10,327) 152,459 (146,535;158,384)

Geographic region (p\ 0.001) (p\ 0.001) (p\ 0.001)

East Sweden 135,612 (130,811; 140,412) 8718 (7909; 9526) 126,894 (122,275; 131,513)

South Sweden 149,688 (144,893;154,482) 14,129 (13,105;15,153) 135,558 (130,955;140,162)

North Sweden 157,969 (150,965; 164,974) 7630 (6828; 8432) 150,558 (143,427; 157,251)

Years since diagnosis (p\ 0.001) N.S. (p\ 0.001)

0–7 years 80,197 (76,855; 83,539) 11,166 (10,408; 11,924) 69,031 (65,888; 72,175)

C8 years 213,400 (208,637; 218,163) 10,499 (9691; 11,308) 202,901 (198,250; 207,551)

Average cost 145,942 (142,891; 148,994) 10,837 (10,283; 11,390) 135,105 (132,126; 138,085)

The exchange rate is approximately SEK 10 to 1 euro

95% CI 95% confidence interval, COI cost-of-illness, MS multiple sclerosis, N.S. not statistically significant, SEK Swedish krona

* Excluding prescription drug costs and patient copayments

** Excluding patient copayments
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more often had at least five prescribed drugs (54 vs 8%

[39]), comorbidities were to be expected. Moreover, it has

been reported that comorbidities, in particular hyperten-

sion, diabetes, ischemic heart disease, chronic lung disease,

depression, and bipolar disorder, increase the hospitaliza-

tion rate (for all causes) among MS patients [36], which

may contribute to the overall high COI among individuals

with MS. This can also be seen in the high number of MS

patients with sick leave or disability pension (20 and 54%

vs 8 and 8%, respectively, in the general population of

working age [40]), and the low average income of MS

patients, below the median of the general population of

working age (SEK 227,400 [20]). More research is war-

ranted on how the combined effect of MS and comor-

bidities among MS patients impacts COI in these patients,

including different types of comorbidities and associations

between MS and other diseases.

The overall COI was skewed among individuals with

MS: costs for, e.g., hospitalizations were more pronounced

among those with high overall COI, and the large indirect

costs resulting from disability pension were accumulated

among the older in the study population. This is in line with

previous findings of higher resource use among MS

patients with higher disease severity [41], additional dis-

ease symptoms (such as spasticity [42]), and comorbidities,

such as mental disorders or pain [12]. Probably, the indi-

viduals with high COI are more likely to have high severity

of the disease. However, that cannot be identified from the

registers available for our study.

Moreover, it appears that the high costs for drugs occur

in a group of MS patients with fairly low COI but not

necessarily of low age. This is in line with results from a

systematic review [4], reporting that drugs contributed to a

large proportion of the overall costs in MS patients with

low severity of disease. According to our study it appears

that individuals with high overall resource use, and thus

probably high disease severity, did not contribute largely to

the overall drug costs. Moreover, although the overall COI

was higher among the older MS patients, the direct

healthcare costs resulting from MS were highest among the

younger patients in this study. This may be an indication

that younger MS patients with recent disease onset are

receiving disease modifying treatments, thus potentially

resulting in high costs for healthcare encounters, including

drug treatment, which is in line with the current Swedish

and international treatment guidelines to use disease

modifying treatment primarily in young MS patients with

more active inflammation [43]. However, our data did not

enable analyses about drug use during healthcare encoun-

ters. Future studies are warranted on the association

between MS treatments and severity of disease and on the

economic impact of MS. Moreover, the aim of this study

was to identify the prevalence-based costs [44]. That is,

other studies are needed for analyses of long-term costs

over the MS trajectory.

Conclusions

Based on register data, the indirect costs contribute to three

fourths of the overall COI of MS patients of working age in

Sweden. Counties and other authorities pay a large part of

the direct costs. Although many MS patients also have

other diagnoses, MS is the main diagnosis for healthcare

and lost productivity resulting in more than 50% of the

estimated costs. The different patterns in the distribution of

direct and indirect costs warrant further studies to identify

potential inequalities by socioeconomic factors among MS

patients. However, the younger individuals’ higher direct

costs may suggest that healthcare resources are particularly

allocated to MS patients early during their disease, a period

when MS-specific interventions are known to be most

effective.

Supplementary information

The authors of this study are not allowed to make the

micro-level data in this study publically available due to its

sensitive nature. According to the Swedish Ethical Review

Act, the Personal Data Act, and the Administrative Pro-

cedure Act, data can be made available after legal review

for researchers who meet the criteria for access to this type

of sensitive and confidential data. For questions about this,

please contact Professor Kristina Alexanderson, responsi-

ble for the data set.
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Association: Metodboken. http://www.mssallskapet.se/Metodbo

ken.html (2014). Accessed 24 March 2016

44. Lindgren, B.: Costs of illness in Sweden 1964–1975. Lund eco-

nomic studies, Lund (1981)

45. Bergman, B., Hodell, T., Kopparhed, U.: Regional divisions in

Sweden on 1 January 2003. Part 1. Statistics Sweden, Report no.

MIS 2003:1 (2003)

46. European Union: Commission Regulation (EC), amendment to

Regulation (EC) No. 1059/2003. Off J Eur Union 105, 32–33

(2007)

446 H. Gyllensten et al.

123

http://dx.doi.org/10.1016/j.euroneuro.2011.05.001
http://dx.doi.org/10.3111/13696998.2015.1086362
http://dx.doi.org/10.3111/13696998.2015.1086362
http://dx.doi.org/10.1177/1352458514564491
http://dx.doi.org/10.1177/1352458514564491
http://dx.doi.org/10.1212/WNL.0000000000001187
http://dx.doi.org/10.1212/WNL.0000000000001187
http://dx.doi.org/10.1177/1352458514540970
http://dx.doi.org/10.1177/1352458514564488
http://dx.doi.org/10.1177/1352458514564488
http://dx.doi.org/10.1186/1472-6904-10-16
http://dx.doi.org/10.1136/jnnp.2006.090365
http://dx.doi.org/10.1111/ane.12139
http://www.mssallskapet.se/Metodboken.html
http://www.mssallskapet.se/Metodboken.html

	Costs of illness of multiple sclerosis in Sweden: a population-based register study of people of working age
	Abstract
	Background
	Objectives
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Participants and data collection
	Costs
	Analyses

	Results
	Discussion
	Conclusions
	Supplementary information
	Acknowledgements
	References




