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Introduction

A number of new therapies for multiple 

sclerosis (MS) have been introduced in 

the past decade, and more are currently 

in development. Compared to the old and 

inexpensive symptomatic treatments, the-

se disease-modifying drugs (DMDs) are 

costly, raising the question of the relation-

ship between their cost and the health be-

nefit they provide. Few disease areas ha-

ve seen as much interest in economic eva-

luation as MS. The discussion has been 

triggered by the difficulty in assessing 

the cost-effectiveness in a disease where 

– as in most chronic progressive diseases 

– the major health benefit is not evident 

for some time. Treatment effects that can 

be measured in clinical trials or directly 

in clinical practice, such as the frequency 

of relapses or small changes in function-

al disability, represent partial rather than 

final outcomes. The full effect of disease-

modifying treatments thus cannot be ob-

served, but must be modelled. Similarly, 

the long-term effect on costs and quality 

of life (QoL) must be estimated in models, 

as it cannot be measured in the short and 

medium term.

Several such cost-effectiveness models 

were proposed in MS at the time of the in-

troduction of currently available DMDs. 

They use somewhat different methodo-

logies but essentially combine epidemio-

logical data on the natural history of the 

disease, consumption of health care and 

other resources as well as productivity 

losses, QoL related to disease severity, and 

data on the effectiveness of treatments on 

relapses and disease progression. In these 

models DMDs were compared to no treat-

ment, and the information on costs there-

fore came from studies performed prior 

to their introduction [1–7]. Thus the fin-

dings of these cost studies may no longer 

be entirely accurate, since the introduc-

tion of new therapies may have changed 

the management of the disease in several 

ways. Although more recent cost studies 

exist, these have focused on specific sub-

groups of patients treated with DMDs [8, 

9] or have been performed outside Euro-

pe [10], and results cannot be related to the 

patient population in Europe.

The objective of this European-wide 

observational study was therefore to es-

tablish the current cost of MS, at all levels 

of disease severity, to provide an input to 

economic evaluation of new treatments in 

different countries. The study was perfor-

med in nine countries (Austria, Belgium, 

Germany, Italy, The Netherlands, Spain, 

Sweden, Switzerland and the United King-

dom), including more than 13 186 patients 

(. Fig. 1), and used the same methodo-

logy rigorously in eight of the countries. 

The study in the United Kingdom used a 

slightly modified methodology, but the sa-

me basic data. Thus, differences in results 

are entirely due to differences in the pro-

vision of health care, traditions of usage 

and unit prices of the different resources 

rather than differences in study methods. 

For a summary of results, see Kobelt and 

colleagues [11].

Study approach

Methods for cost-of-illness studies are 

well developed. These studies relate costs 

to diseases and estimate the economic 

burden that a specific disease places upon 

society.

Depending on the research question, 

studies can be prevalence- or incidence-

based. In prevalence-based studies, all 

costs are estimated for a patient popula-

tion in a defined geographical area for a 

given period of time (generally 1 year). In 

incidence-based studies, lifetime costs are 

estimated for a patient contracting the di-

sease. Both types of studies are useful for 

policy makers for planning and budgeting 

purposes, but the choice between the two 

is often limited by the disease itself. Inci-

dence-based studies in MS are virtually 

impossible due to the long duration of the 

disease, and lifetime costs for an MS pati-

ent will have to be modelled by combining 

disease progression with costs at each level 

of the disease. Therefore, we used a preva-

lence-based approach but collected suffi-

cient data to estimate costs for all levels of 

severity, thus allowing for the possibility 

of estimating lifetime costs.
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Data collection for such studies can be 

“top-down” or “bottom-up.” In the former, 

aggregate figures on resource consumpti-

on related to a diagnosis code from availa-

ble databases, national statistics and regis-

tries are used to estimate costs for a given 

prevalence sample. The limitations of this 

approach for studies in MS are obvious. 

Such databases seldom include all relevant 

costs and – except for disease-specific re-

gistries – they rarely provide differential 

diagnoses (e.g. disease course) or disease 

severity. Thus, the bottom-up method, 

where information is collected direct-

ly for a sample of patients either through 

chart reviews or patient questionnaires or 

a combination of both, is better suited for 

studies in MS.

Costs can be presented from different 

viewpoints, that of society or that of spe-

cific payers, private or public. In general, 

however, the perspective of society is adop-

ted as the one that provides the most com-

plete view. In the societal perspective, all 

costs, regardless of who ultimately pays, are 

included. Costs are calculated as full costs 

(opportunity costs), while transfer costs 

(taxes including value-added tax, reim-

bursements, pensions) are ignored. From 

the point of view of society these represent 

transfers between different members of so-

ciety and are hence not a cost. In an additi-

onal analysis, intangible costs (costs due to 

suffering) are estimated.

From this overall perspective, it is pos-

sible to derive the perspective of payers 

by including only resources covered by 

payers and valuing them at the reimbur-

sement tariff rather than at the full cost. 

Therefore, we collected data in all coun-

tries in a way that allows estimating costs 

from both perspectives. The main analysis 

is presented from the societal perspective, 

including direct health-care costs, non-

medical costs, informal care and produc-

tivity losses.

Patient selection

In bottom-up studies, the selection of pa-

tients is clearly one of the most impor-

tant factors. Finding a sample that pre-

cisely mirrors the prevalence of a disease 

is difficult, and prevalence estimates dif-

fer. However, this is less critical when the 

main objective is to estimate costs by le-

vels of severity, where the key requirement 

is to include enough patients at all levels 

of the disease to provide stable estimates. 

Total cost of illness can then be calcula-

ted using estimates of prevalence at diffe-

rent levels of severity. Recruiting patients 

through hospitals, registries, patient asso-

ciations or by advertising may select dif-

ferent samples. Selecting MS patients in 

neurological clinics may result in a sam-

ple biased towards early disease, particu-

larly as current DMDs are indicated for re-

lapsing disease and early treatment is ad-

vocated. Patients at the very high end of 

severity may be followed in other specia-

lized centres. Also, the proportion of pati-

ents treated with DMDs may be over-re-

presented. This might be similar for pati-

ents followed in MS registries, as the in-

terest in measuring the outcome of these 

treatments will promote inclusion of pa-

tients on treatment. On the other hand, 

including patients participating in pati-

ent associations might result in a sample 

biased towards longer-standing and mo-

re severe disease, as these patients may 

be more likely to look for support. It is, 

however, also possible that this latter bi-

as is not very prominent in MS, as pati-

ents are young and many search for infor-

mation online and may therefore join as-

sociations rapidly.

Again, these biases are of limited im-

portance, as it is unlikely that patients at 

the same level of disease severity recrui-

ted differently would differ in any other 

aspect. We recruited patients with the 

help of patient associations in most coun-

tries [6], and where this was not possible, 

in neurology clinics [3]. In the latter case, 

all patients in the files were invited, rather 

than patients coming for a consultation, 

in order to avoid selecting patients on the 

dependent variable of resource consump-

tion. The final sample contained sufficient 

patients at all levels of disease severity in 

all countries to allow analysis (. Fig. 2).

Data collection

The study is based on the methodology 

used in several earlier studies of MS in Eu-

rope and the United States [4–6, 10]. In-

formation was collected directly from pa-

tients in a cross-sectional survey with an 

adapted version of the questionnaire used 

in the earlier studies. In particular, ques-

tions regarding the disease were reviewed 

and re-tested with a small number of pa-

tients at the Karolinska Institute in Stock-

holm, Sweden.

Experience in previous studies had 

shown the information on resource use 

from patients to be very reliable. In a simi-

lar study in Germany, hospitalization in-

dicated by 200 patients recruited in a cli-

nic was compared with the information 

Fig. 1 8 Summary of patients in the study Fig. 2 8 Disease severity in the sample
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in their hospital charts, and the difference 

in the mean number of inpatient days was 

found to be half a day [6]. Such a cont-

rol requires, however, that patient identi-

ty is known, thus reducing the anonymi-

ty of the study. We therefore decided to 

rely entirely on the information received 

from patients.

The questionnaires were mailed to pa-

tients by the patient associations or the 

neurology clinics, and answers were re-

turned to the data management centre in 

each country. The answers were entirely 

anonymous, but patients were asked to in-

dicate in which area they lived, to enable 

an assessment of the geographical repre-

sentation of the sample. Data were entered 

in a specifically designed and secure Inter-

net site with logical and numerical con-

trols to minimize errors. In addition, data 

entry was performed by a small number 

of trained data managers (1–3) in order to 

further ensure the quality of the data.

Resource use

Patients were asked to indicate their use 

of health-care and non-medical resources, 

informal care and their work capacity. The 

objective of the study was to estimate costs 

related to MS, not costs for patients with 

the disease. Only MS-specific resource 

consumption was therefore included. It is 

possible that patients with a severe disease 

also consume more resources for other di-

seases and thus have higher overall costs. 

In these cases it is generally difficult to se-

parate what part of total costs relates to the 

disease that is being investigated and what 

part relates to comorbidities. For patients 

with MS, this is thought to be less of a pro-

blem, as the consequences of the disease 

are rather well defined. In addition, pati-

ents are in an age group where unrelated 

comorbidity is generally limited. We the-

refore chose to instruct patients to inclu-

de only MS-related costs rather than per-

form a comparative study.

Resource use was collected retrospec-

tively, and each type of resource was coll-

ected for a time period that would mini-

mize recall bias. It is generally considered 

that 3 months yields acceptable data, but 

we used variable periods to make it easier 

for patients. Thus, the number of hours of 

informal care from family or home care 

was collected as the average per day du-

ring the past month, drugs for 1 month, 

major investments such as the purchase 

of a wheel chair or transformations to the 

house or the car for 1 year. Each question 

required a binary answer (yes/no) followed 

by details on the type and quantity of the 

resource. All resources that were expected 

to be used were specified in order to mini-

mize errors due to spelling, and no open 

fields or free text (e.g. “other”) were per-

mitted. This may have excluded some very 

rarely used resources but provided a clean 

and comparable dataset in all countries.
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The objective of this observational study in 

nine European countries was to establish the 

current cost of MS at different levels of dis-

ease severity. The study used a prevalence-

based bottom-up to estimate costs from a so-

cietal perspective. Patients were recruited 

via patient organizations and neurology cen-

tres and asked by mail to complete a detailed 

questionnaire concerning their resource con-

sumption, work capacity, quality of life and 

current disease status. Resources included 

all health-care and social services, person-

al expenditures, informal care and tempo-

rary or definitive work absence. Quality of life 

was collected as utility and disease informa-

tion collected related to functional capaci-

ty, relapses and fatigue. The data were ana-

lyzed separately for each country, using local 

unit costs but a fully standardized method-

ology. A total of 13 186 patients at all levels 

of disease severity participated in the survey, 

with an average response rate of around 40% 

(range 20–75%).

This paper describes the methodology 

used for the study, while results are present-

ed in the individual country reports.
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Fig. 3 8 Sample questions
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For all resources that were known or 

not expected to be covered by health in-

surance schemes (e.g. certain paramedical 

services, investments and devices, home 

help and transportation), patients were 

asked to indicate the total cost and how 

much of the amount they had to pay per-

sonally (out-of-pocket costs). An example 

of questions is shown in . Fig. 3.

Health-care resources
Hospitalization was collected both as the 

number of admissions and the number of 

inpatient days or day admissions in diffe-

rent departments to allow analysis using 

both diagnosis-related groups (DRG) or 

per diem rates, while stays in rehabilita-

tion centers or nursing homes were coll-

ected only as the number of days. Con-

sultations were differentiated by type of 

physician, nurse or paramedical professi-

on. Major examinations such as MRI or 

CT scans were not assumed to take place 

more than once per 3 months, and pati-

ents had to indicate only yes/no, while for 

blood tests the number of tests was to be 

provided. Similarly, DMDs required on-

ly a yes/no answer, while all other drugs 

were collected as the number of days ta-

ken during the past month. Non-prescrip-

tion drugs were not specified, but pati-

ents were asked to indicate how much th-

ey had spent on these overall during the 

past month. 

Other direct resources
Typical investments (e.g. stair and bed 

lift, ramps, rails) and devices (e.g. walking 

aids, wheel chairs) were listed by item, 

while transformation of the house or the 

car and small utensils were mentioned as 

categories. For assistance by communi-

ty or social services, or help from family 

or friends, we collected the average hours 

per day and the number of days during the 

past month. Transportation was collected 

as average distance per trip and number of 

trips per month.

Work capacity

The questionnaire established the current 

employment situation, including normal 

working hours, and patients in employ-

ment were asked to indicate whether they 

had been on sick leave during the past 3 

months. In addition, we enquired wheth-

er patients had to change their type of em-

ployment or reduce their normal working 

hours due to MS, and whether this had 

any financial consequences.

In many countries, long-term sick lea-

ve precedes permanent invalidity, and we 

therefore distinguished between these, as-

king patients for how many months they 

were on long-term absence and since what 

year they were on early retirement due to 

MS.

Quality of life (utility)

MS affects a number of body functions 

and provokes multiple symptoms that 

can affect patients’ well-being at different 

times during the course of the disease. 

Clinical measures are seldom adequate to 

fully express this effect, as they generally 

focus on individual symptoms. A number 

of instruments to measure health-related 

QoL, both generic and specific to MS, ha-

ve been developed. They elicit patients’ 

subjective evaluation of the effects of a di-

sease or a treatment and have become an 

important tool for clinicians in assessing 

outcome [12]. Most of these instruments 

are multidimensional and provide scores 

for different aspects of QoL, such as phy-

sical, mental and social well-being. They 

Fig. 4 8 Illustration of a quality-adjusted life-year. Quality-adjusted life years 
(QALYs) are calculated as an area under the curve, by adjusting time with 
the utility weight. For instance, if a certain health state resulted in a utility of 
0.5, living 1 year in that state would give 0.5 QALYs and be equivalent to li-
ving 6 months at full health

Fig. 5 8 Utility loss of MS patients compared to the normal population. The loss of utility, by gender 
and by age group, is represented by the difference between the curves, in the sample from the Uni-
ted Kingdom. Utilities were measured with the EQ-5D and scores calculated using the UK tariff. By 
multiplying utility with time (1 year), QALYs lost in this sample during a year are estimated
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are therefore ill-suited for economic stu-

dies used for setting priorities in resource 

allocation in health care [13]. Such studies 

require a single outcome measure that is 

comparable across diseases. The quality-

adjusted life-year (QALY) has been deve-

loped specifically for this purpose [14]. 

The QALY combines quantity and quali-

ty of life by weighing life years with a qua-

lity index, utility. In this framework, uti-

lity is defined as the preference of pati-

ents and/or the general population for gi-

ven states of health. Utilities are expressed 

as a value on a cardinal scale anchored 

between 0 (death) and 1 (full health) and 

are measured using techniques from de-

cision analysis (standard gamble or time 

trade-off [15–17]) or health state classifi-

cations systems such as those developed 

for the EQ-5D [18] or the Health Utility 

Index [19]. QALYs are then calculated as 

an area under the curve, by adjusting ti-

me with the utility weight. For instance, 

if a certain health state resulted in a utili-

ty of 0.5, living 1 year in that state would 

give 0.5 QALYs and be equivalent to li-

ving 6 months at full health, as illustra-

ted in . Fig. 4.

We collected data to calculate utility 

scores using the EQ-5D [18], as the sim-

plicity of this instrument makes it easy to 

use in mail surveys. It covers five domains 

of health-related QoL (mobility, self-care, 

usual activities, pain/discomfort, anxiety/

depression) with three levels of answers 

(no/some/severe problems). The resul-

ting 243 combinations of answers can then 

be translated into utilities via a social ta-

riff established with the general populati-

on using decision-analytic methods (time 

trade-off) [20]. Although reference scores 

for the EQ-5D are available in a number of 

countries, the tariff for the United King-

dom is the only one in Europe based on 

decision-analytic methods (time trade-

off) [14] and has been widely used, inclu-

ding in MS. In these studies, utility scores 

have been shown to be highly correlated 

with functional capacity of MS patients 

[4–6, 10]. There has been some discussion 

as to whether there are additional expla-

natory variables for utility, notably cogni-

tive impairment. Unfortunately, it is quite 

impossible to measure this type of impair-

ment in a mail survey. Instead, we decided 

to test for “fatigue,” measured with a visu-

al analogue scale anchored between 0 (no 

fatigue) and 10 (severe fatigue). Howe-

ver, in multiple regression analyses, fati-

gue showed no additional significant ef-

fect on utilities, most likely due to the fact 

that functional disability and fatigue are 

strongly linked.

Intangible costs

Intangible costs (costs due to pain, grief, 

anxiety and social handicap) are difficu-

lt to measure, and there is no generally 

agreed-upon method for their calculati-

on. They are therefore seldom calculated 

in cost-of-illness studies, while in cost-ef-

fectiveness studies they are included when 

outcome is expressed as QALYs. We ha-

ve earlier proposed a method to estimate 

these costs [4, 10, 21, 22], where the loss of 

QALYs is calculated from the difference in 

utility scores between MS patients and the 

Fig. 6 7 Patient assess-
ment of EDSS levels. Le-

vels correspond to full EDSS 
points up to level 6. Level 
7 represents EDSS 6.5, and 

levels 8, 9 and 10 hence 
correspond to EDSS 7, 8 

and 9
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general population matched for gender 

and age (. Fig. 5). By assigning a mo-

netary value to a QALY, for instance the 

willingness to pay for a QALY gained in 

terms of reimbursement decisions, intan-

gible costs can be calculated. The value for 

a QALY in Europe is generally assumed to 

be around € 50 000, although no official 

threshold value exists. As an alternative, 

the World Health Organization has sug-

gested using three times the Gross Nati-

onal Product [23], and we have therefore 

calculated both values.

Disease information

Disease information was limited to age at 

first MS symptoms, year of diagnosis, ty-

pe of MS, exacerbations during the past 

3 months and a self-assessment of disabi-

lity.

Functional capacity
Functional capacity is assessed in all cli-

nical and epidemiological studies, gene-

rally using the Expanded Disability Sta-

tus Scale (EDSS) [24]. EDSS scores have 

been shown to be highly correlated with 

both costs and utilities [4, 7, 10, 21, 22, 25]. 

Originally, the EDSS is not self-assessed 

and therefore is not directly suited to be 

used in a mail survey. However, a num-

ber of alternative ways of assessment ha-

ve been used, such as the Patient Deter-

mined Disease Steps (PDDS) instrument 

[26], validated for self-reporting to a lar-

ge patient registry in the United States 

(NARCOMS) [27]. Similarly, the EDSS 

was self-assessed in earlier cost-of-illness 

studies, using a description of disease se-

verity focusing on ambulation, based on 

the original description in the EDSS and 

verified against patient charts [4, 6]. This 

description was updated to combine ele-

ments from both the EDSS and PDDS 

and retested with a small group of pati-

ents, where it showed a good correlation 

(. Fig. 6). The 11 levels of answer were 

then transformed into EDSS scores, kee-

ping EDSS 6.5 as a separate level, as is of-

ten done in clinical trials.

Thus, while there may be some uncer-

tainty in the EDSS scores, particularly in 

the early stages of the disease where dif-

ferences are small, it should be borne in 

mind that there is also inter-rater varia-

tion in assessments performed by clini-

cians. The uncertainty in our study is re-

duced by the inclusion of large samples 

at all levels, and the validity of the scores 

is further confirmed by, for example, the 

utility results, which were almost identical 

across countries at given EDSS levels [11].

Disease course
Contrary to EDSS scores, patients ap-

peared to have some difficulties in asses-

sing their current disease course (i.e. re-

lapsing-remitting MS [RRMS], secondary 

progressive MS [SPMS] or primary pro-

gressive MS [PPMS]), despite rather ex-

tensive description. This information is 

therefore only summarized in the results 

sections, as it is of limited importance wi-

thin economic studies for two reasons.

First, at diagnosis, the majority of MS 

patients present with RRMS, which usu-

ally afflicts patients between the ages of 15 

and 40 years. This form of MS is characte-

rized by disease exacerbations that initial-

ly improve spontaneously or in response 

to treatment over several days or weeks. 

Over time, in a majority of patients, un-

derlying disease progression and neurolo-

gical damage continue to occur between 

relapses, resulting in SPMS. A minori-

ty of patients have PPMS at onset, often 

at a slightly higher age. However, this se-

paration of MS into different disease ty-

pes does not appear straightforward. The 

conversion from RRMS to SPMS is indeed 

not a well-defined event but rather a gra-

dual process and therefore subject to in-

terpretation [28]. An analysis of  patients 

from the natural history cohort in Ca-

nada [29] revealed that patients conver-

ted to SPMS with scores between 1.0 and 

6.0 on the Kurtzke Disability Status Sca-

le (mean score 3.0) [30], 1 to 36 years af-

ter onset of the disease (mean 10.7 years), 

between the ages of 18 and 86 years (mean 

40 years) [31]. At levels of functional disa-

bility between 3.0 and 5.0 there will thus 

be patients with both RRMS and SPMS di-

sease types.

Second, we have shown earlier that 

costs and utilities of patients at the same 

EDSS level and not in relapse do not dif-

fer by MS course [31]. The same is true for 

patients on DMDs or not. Cost differences 

arise from a higher frequency of relapses 

earlier in the disease, or faster progressi-

on to higher levels of disability. These fin-

dings were confirmed again in the current 

study, and we therefore report results for 

the full sample and by level of disability 

rather than MS course.

Despite this, one could, however, argue 

that the disease course is of importance 

when considering treatment with DMDs, 

as this is indicated for patients with RRMS.  

However, the results in our study indicate 

that treatment is primarily provided at the 

lower levels of EDSS, where patients have 

more frequent relapses, regardless of the 

type of disease.

Fig. 7 8 Total costs by EDSS score [adjusted for purchasing parity power (PPP)]. Patients are grouped 
into mild disease (EDSS score 0–3.5), moderate disease (EDSS score 4.0–6.5) and severe disease (EDSS 
score 7.0–9.5) and total mean annual cost per patient calculated from the societal perspective. Local 
currencies have been transformed using the GDP purchasing power parity index (OECD 2004)
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Relapses
The questionnaire contained a descripti-

on of a typical relapse and asked patients 

to specify whether they had had a relapse in 

the past month or 3 months.  However, we 

did not collect information on health care 

consumption due specifically to relapses, as 

it may be difficult for patients to separate 

between resources related to normal care 

and to a relapse.  Rather, we estimated the 

cost of relapse from the difference in total 

costs between patients at the same EDSS le-

vels with and without a recent relapse. The 

same method was used to estimate the loss 

of QoL (utility) due to an exacerbation.

Analysis

Prior to analysis, missing answers and 

outliers were systematically verified. For 

instance, when a patient had indicated 

having used a resource, but omitted the 

quantity, the mean quantity for users of 

the same resource was imputed. For items 

where the cost indicated by the patients 

had to be used, as no standard unit cost 

was available (e.g. transformations to the 

house), or not enough details were coll-

ected (e.g. non-prescription drugs), we 

set the limit to the sample mean plus one 

standard deviation.

Resources were multiplied with their 

unit cost in each country. Unit costs were 

obtained from a number of publicly availa-

ble sources and telephone interviews and, 

if necessary, adjusted to 2005 prices using 

the consumer price index. Costs were 

then annualized by multiplication, with 

the assumption that a similar proportion 

of patients would use the same quantity of 

resources in any given month or quarter, 

and presented as mean cost (standard de-

viation) per patient. It is, however, obvious 

that mean results for the sample are high-

ly dependent on the distribution of disease 

severity in the group, and results are there-

fore also analyzed by level of disability.

It must be borne in mind that even wi-

thin similar patient groups, health-care 

costs are highly skewed, with a minori-

ty of patients consuming the majority of 

the resources. Within our studies, the lar-

ge sample sizes reduce this problem some-

what but not totally. Hence, when such da-

ta are used to model lifetime costs or esti-

mate cost-effectiveness, the cost per pati-

ent needs to be calculated with multiple 

regression analysis, controlling for age, 

potentially also gender and disease dura-

tion in addition to the level of disability, as 

all have a significant effect.

Valuation
Standardized methods for the calcula-

tion of costs were used. However, the-

re are substantial differences in the unit 

cost of resources, adding to the difficul-

ty of making cross-country comparisons. 

The calculation methods are provided be-

low (. Table 1), while details on the unit 

costs and the sources from which they 

were taken can be found in the country 

results. In the societal perspective, valu-

ation was based on total costs, including 

any copayment or self-payment. In the 

payer perspective, tariffs excluding all co-

payments were used, and non-reimbursed 

items were ignored.

While the methods for valuation of di-

rect resources are well established, there 

are different approaches to calculating in-

formal care costs and productivity losses.

Informal care can be considered a di-

rect or an indirect cost. We have treated it 

as a direct cost in this study, with the rea-

soning that in a severely disabling disease 

such as MS, absence of care is not an opti-

on. Hence, if family members did not pro-

vide it, particularly in more advanced di-

sease, health-care professionals would ha-

ve to provide it or patients be institutio-

nalized. Thus, the cost of family care can 

be established using the concept of loss of 

leisure time, as we have done in this study. 

Alternatively, a replacement cost can be 

used, where the hours of care are valued 

with the cost of a professional. This latter 

method generally provides higher cost, as 

not all hours provided by the family could 

necessarily be replaced due to limited 

availability of resources, both human and 

financial. When considering informal care 

as an indirect cost, calculations are usually 

based on the loss of productivity of wor-

king family members. This may undere-

stimate the cost, as it assigns no cost to ca-

re provided by non-employed members. 

This is similar to the way in which pro-

ductivity losses for patients are estimated, 

where, for example, patients over 65 years 

of age will have no costs. There is, howe-

ver, a major difference, as informal care is 

truly an activity that would otherwise ha-

ve to be performed by professionals, albeit 

in different quantity and quality and with 

potentially different outcome.

Estimates of indirect costs are mo-

re straightforward. Most studies use the 

human capital approach, where the pro-

duction of an individual is valued at the 

market price (in this case, the gross wa-

ge including employers' costs). Costs are 

Fig. 8 8 Proportion of costs falling on different resources in different coun-
tries. Other direct costs include all medical care (hospitalization, consulta-
tions, tests, prescription and OTC drugs, excluding DMDs), services (home 
care, home help, transportation) and investments (devices, appliances, 
changes to house and car). The largest differences appear to be in informal 
care, with low usage in three countries. For Germany and The Netherlands 
this is explained by samples with somewhat milder disease, while for Swe-
den the reason is the generous provision of services
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hence calculated only for patients of wor-

king age. While this is sometimes consi-

dered discriminatory towards older pati-

ents, it corresponds to the reality where at 

a higher age, consumption is higher than 

production, as opposed to younger peo-

ple, who produce more than they consu-

me. There has been intense debate as to 

whether this method in fact overestimates 

costs as, particularly in times of high un-

employment, a worker would be rapid-

ly replaced and hence no production loss 

would occur [32]. The difficulty with this 

argument is that in a situation with struc-

tural unemployment, the professional 

qualifications may not be the same and 

patients may not be easily replaced. Also, 

it ignores the basic production capacity of 

an individual. However, this method of 

calculation (friction cost method) is advo-

cated and mandatory in The Netherlands. 

We have used the human capital theory 

in this study, except for The Netherlands, 

where we have used both. Indirect costs 

are hence valued using the cost of employ-

ment based on the average gender-speci-

fic national income plus employers’ costs, 

considering the predominance of women 

with MS. It would have been possible to 

further adjust this income to age groups, 

or even by socioeconomic groups. We ha-

ve ignored both, as the sample already co-

vered a large age spectrum, and because 

we had decided not to ask patients about 

their income in the questionnaire.

Results

Although mean total costs per patient are 

calculated in each country and are pre-

sented in the subsequent papers, they ha-

ve to be considered in the light of the dis-

tribution of disease severity in the respec-

tive samples. A better approach is there-

fore to refer to groups of patients at dif-

ferent levels of function (EDSS), or even 

costs by EDSS. This latter level of detail 

is what would be required to calculate the 

incidence cost, or to estimate the econo-

mic impact of treatments in the long term. 

The EDSS is by far the most important 

predictor of cost, but one should remem-

ber that patient-assessed EDSS scores are 

somewhat uncertain, and scoring by cli-

nicians is subject to inter-rater variability. 

Also, the fact that costs are highly skewed 

means that mean costs cannot be used di-

rectly, but the variability of usage needs to 

be incorporated in any such analysis.

Across the countries, similarities – 

but also differences – are striking. Direct 

health-care consumption such as hospita-

lization and consultations is very different, 

reflecting the influence of the health-care 

systems and medical traditions. Countries 

with an early introduction of DRG pay-

ment for hospitalization have fewer admis-

sions and shorter length of stays than coun-

tries where payment is or was until recent-

ly based on per diem rates.  In countries 

where specialist consultations are limi-

ted to outpatient departments in a limited 

number of specialized centres, the number 

of medical visits is low, but their cost high, 

as they are often more extensive. In con-

trast to this, in countries with a high num-

ber of private specialists and relatively free 

access, the number of consultations is high, 

but their unit cost is often low. Clearly al-

so, the use of DMDs is very different across 

Europe, ranging from a mere 20 in the 

sample in the United Kingdom to around 

50 in other samples. On the other hand, 

the consumption of non-medical resources 

Table 1 Valuation of resources

Resource Valuation Method

Hospitalization Whenever possible based on admissions (DRG costs), otherwise per diem

For wards other than neurology, costs for emergency, cardiology and urology wards as a repre-

sentative selection of the most common admissions

Nursing home Per diem costs (inpatient stays or day admissions)

Rehabilitation centres Per diem costs (inpatient stays or day admissions)

Physician visits Cost per visit, by specialty

Health-care specialists (e.g. physiotherapists, psycho-

logists, etc.)

Cost per session (average duration of sessions)

Special examinations (MRI, CT scan, blood tests, etc.) Cost per test (except when performed during inpatient stays, or not included in DRG)

Prescription medication Based on public prices (excluding VAT)

Average cost per day (or month) calculated from pack sizes, dosage strength and recommended 

dosage.

If generics available, cost weighed by proportional generic penetration based on daily dosages

Non-prescription drugs Costs indicated by patients, adjusted for outliers

Standard devices (e.g. wheelchairs, bed lift etc.) Cost per item, using an incidence approach (i.e. including the full cost in the year of purchase. As 

earlier investments were not collected, distribution of costs according to depreciation principles 

would have underestimated the cost)

Investments (e.g. trans- formations to car, house etc.) Costs indicated by patients, adjusted for outliersApplied to the year of purchase

Home help Hourly costs for social services, and patients' self-payment

Transportation Cost per km according to fiscal estimates for personal cars

Cost per km by taxi for health care visits

Informal care Net disposable income after social contributions and taxes

Additional calculation based on care provided by home help rather than family (hourly cost)

Productivity losses Average cost of labour (gross gender-specific earnings plus employers’ social contributions)

For sick leave, working hours adjusted to individual patient's working hours

For long-term sick leave and early retirement, national average working hours by gender
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and the loss of production are very similar, 

as they appear to be driven mostly by the 

disease rather than the systems. Work capa-

city was comparable across countries, even 

at given levels of disability. The proporti-

on of patients that required special devices 

or had to adapt their car or house to facili-

tate daily activities was virtually the same, 

as was the need for assistance such as home 

help and other services. A special case is in-

formal care, where the need is clearly dri-

ven by the amount of support provided by 

social systems, where families make up for 

the lack of services. In addition, however, 

informal care is also influenced by family 

structure and tradition.

When comparing total costs, with all 

necessary caution, it appears that dif-

ferences between countries arise mainly in 

the late stage of the disease, driven by dif-

ferences in social support. This can be best 

appreciated when looking at the overall 

distribution of costs on different types of 

resources in the samples (. Figs. 7, 8).

Conclusion

This study provides an overview of re-

source usage patterns, costs and QoL in 

patients with MS across Europe. In ad-

dition, it contains a wealth of data that 

will be useful in a number of ways, not 

the least of which is for modelling the 

cost of MS and for economic evaluation 

of new treatments. As always, however, 

the study also triggers a number of ques-

tions that prompt further research. Ex-

amples would be data on changes in la-

bour force participation over time, as 

the structure and content of jobs have 

changed; the use and valuation of infor-

mal care in different countries and set-

tings and the definition of what consti-

tutes informal care and what is normal 

everyday support; the use of new treat-

ments; the reasons behind different unit 

costs; and many more.
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