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Abstract

Background: The spectrum of disorders of the brain is large, covering hundreds of disorders that
are listed in either the mental or neurological disorder chapters of the established international
diagnostic classification systems. These disorders have a high prevalence as well as short- and
long-term impairments and disabilities. Therefore they are an emotional, financial and social
burden to the patients, their families and their social network. In a 2005 landmark study, we es-
timated for the first time the annual cost of 12 major groups of disorders of the brain in Europe
and gave a conservative estimate of €386 billion for the year 2004. This estimate was limited in
scope and conservative due to the lack of sufficiently comprehensive epidemiological and/or
economic data on several important diagnostic groups. We are now in a position to substantially
improve and revise the 2004 estimates. In the present report we cover 19 major groups of disor-
ders, 7 more than previously, of an increased range of age groups and more cost items. We
therefore present much improved cost estimates. Our revised estimates also now include the
new EU member states, and hence a population of 514 million people. Aims: To estimate the
number of persons with defined disorders of the brain in Europe in 2010, the total cost per per-
son related to each disease in terms of direct and indirect costs, and an estimate of the total
cost per disorder and country. Methods: The best available estimates of the prevalence and
cost per person for 19 groups of disorders of the brain (covering well over 100 specific disorders)
were identified via a systematic review of the published literature. Together with the twelve
disorders included in 2004, the following range of mental and neurologic groups of disorders is
covered: addictive disorders, affective disorders, anxiety disorders, brain tumor, childhood
and adolescent disorders (developmental disorders), dementia, eating disorders, epilepsy, men-
tal retardation, migraine, multiple sclerosis, neuromuscular disorders, Parkinson's disease, per-
sonality disorders, psychotic disorders, sleep disorders, somatoform disorders, stroke, and
traumatic brain injury. Epidemiologic panels were charged to complete the literature review
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1. Introduction

for each disorder in order to estimate the 12-month prevalence, and health economic panels
were charged to estimate best cost-estimates. A cost model was developed to combine the
epidemiologic and economic data and estimate the total cost of each disorder in each of 30
European countries (EU27 +Iceland, Norway and Switzerland). The cost model was populated
with national statistics from Eurostat to adjust all costs to 2010 values, converting all local
currencies to Euro, imputing costs for countries where no data were available, and aggregat-
ing country estimates to purchasing power parity adjusted estimates for the total cost of dis-
orders of the brain in Europe 2010. Results: The total cost of disorders of the brain was
estimated at €798 billion in 2010. Direct costs constitute the majority of costs (37% direct
healthcare costs and 23% direct non-medical costs) whereas the remaining 40% were indirect
costs associated with patients' production losses. On average, the estimated cost per person
with a disorder of the brain in Europe ranged between €285 for headache and €30,000 for
neuromuscular disorders. The European per capita cost of disorders of the brain was €1550
on average but varied by country. The cost (in billion €PPP 2010) of the disorders of the
brain included in this study was as follows: addiction: €65.7; anxiety disorders: €74.4; brain
tumor: €5.2; child/adolescent disorders: €21.3; dementia: €105.2; eating disorders: €0.8; ep-
ilepsy: €13.8; headache: €43.5; mental retardation: €43.3; mood disorders: €113.4; multiple
sclerosis: €14.6; neuromuscular disorders: €7.7; Parkinson's disease: €13.9; personality disor-
ders: €27.3; psychotic disorders: €93.9; sleep disorders: €35.4; somatoform disorder: €21.2;
stroke: €64.1; traumatic brain injury: €33.0. It should be noted that the revised estimate of
those disorders included in the previous 2004 report constituted €477 billion, by and large
confirming our previous study results after considering the inflation and population increase
since 2004. Further, our results were consistent with administrative data on the health care
expenditure in Europe, and comparable to previous studies on the cost of specific disorders
in Europe. Our estimates were lower than comparable estimates from the US. Discussion:
This study was based on the best currently available data in Europe and our model enabled
extrapolation to countries where no data could be found. Still, the scarcity of data is an im-
portant source of uncertainty in our estimates and may imply over- or underestimations in
some disorders and countries. Even though this review included many disorders, diagnoses,
age groups and cost items that were omitted in 2004, there are still remaining disorders
that could not be included due to limitations in the available data. We therefore consider
our estimate of the total cost of the disorders of the brain in Europe to be conservative. In
terms of the health economic burden outlined in this report, disorders of the brain likely con-
stitute the number one economic challenge for European health care, now and in the future.
Data presented in this report should be considered by all stakeholder groups, including policy
makers, industry and patient advocacy groups, to reconsider the current science, research
and public health agenda and define a coordinated plan of action of various levels to address
the associated challenges. Recommendations: Political action is required in light of the pre-
sent high cost of disorders of the brain. Funding of brain research must be increased; care
for patients with brain disorders as well as teaching at medical schools and other health re-
lated educations must be quantitatively and qualitatively improved, including psychological
treatments. The current move of the pharmaceutical industry away from brain related indica-
tions must be halted and reversed. Continued research into the cost of the many disorders not
included in the present study is warranted. It is essential that not only the EU but also the
national governments forcefully support these initiatives.

© 2011 Published by Elsevier B.V.

evidence that both disciplines, despite different traditions,
share many common methods and approaches. It should

1.1. EBC study on cost of disorders of the brain in 2005 also be mentioned that various other terms that at least

In 2005, the European Brain Council published the results of
a comprehensive study estimating the cost of disorders of
the brain in Europe in 2004 (Andlin-Sobocki et al., 2005;
Wittchen and Jacobi, 2005), below called the EBC2005
study. The label “disorders of the brain” or in short “brain
disorders” was chosen to acknowledge the communalities
of mental and neurological disorders in terms of their sub-
strate, the brain, as well as the increasingly broader

partly overlap exist, such as neuropsychiatric disorders, or
MNS (mental, neurological and substance use disorders).

In the EBC2005 study, the total cost in Europe, including
the EU member states, Iceland, Norway and Switzerland,
was estimated at €386 billion in 2004, distributed over 12 di-
agnostic groups of important disorders of the brain affecting
127 million adult Europeans. The study was labeled a bench-
mark study because it was the first ever to attempt to com-
bine the available epidemiologic and economic evidence of
disorders of the brain in an effort to estimate their total
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cost within a common methodological framework. Moreover,
it was instrumental in demonstrating the large societal cost
associated with disorders of the brain and the importance
of decisions on future strategies to alleviate their burden.

The EBC2005 report had an enormous impact on various
levels. Numerous highly listed disorder-specific and country-
specific reports further exploring the economic consequences
of disorders of the brain were important spin-offs of this
first report. The 2005 report was presented to the European
Commission and to European parliamentarians and has un-
doubtedly played a role in increasing the focus and shaping
the political agenda on brain research and brain diseases
at a European and national level. As a consequence, the
number of studies exploring different aspects of the cost
of disorders of the brain has steadily increased over time.
In 2005, about 400 studies including the key words *cost”
and “brain” were published (THOMSON REUTERS (ISI) 2010
http://portal.isiknowledge.com/). Over the next four years,
this figure almost doubled, partly spurred by new initiatives
coming out of the EBC2005 study (Andlin-Sobocki et al.,
2005) (Fig. 1).

1.2. Need for revision

Our 2005 report could not cover many important disorders
and cost items, mainly due to lack of data. During the past
five years, the evidence base has grown and there are now
possibilities for including previously omitted diagnoses and
cost items. The larger evidence base also enables better pre-
cision in some of the estimates of the previously reviewed
disorders of the brain. Further, Bulgaria and Romania are
now part of the European Union and therefore are included
in the present study.

Since 2005, important steps have been taken to strength-
en the research focusing on the disorders of the brain in
Europe, most importantly the specific mention of mental
health and brain research in the seventh framework program
of research (FP7). However, there were also some more re-
cent negative developments, such as the withdrawal of a
number of major pharmaceutical companies from key areas
of neuroscience research (Nutt and Goodwin, 2011) and the
move of industrial research away from Europe. While new ini-
tiatives, such as the Innovative Medicines Initiative by the
EU, may give new opportunities, it is increasingly important

800

M
700 7y
600

500
400 i
300 /‘/

200

100 /

0
1990 1995 2000 2005 2010
Figure 1 Number of cost publications on disorders of the

brain by year.
Source: (THOMSON REUTERS (ISI), 2010) http://portal.isiknowledge.
com/.

that relevant information on the cost of disorders of the
brain becomes available to decision makers. The present up-
date and extension of the EBC2005 study is an attempt to fill
this gap. It will hopefully serve to inform policy makers about
the need for continuous focus on disorders of the brain in the
forthcoming eighth framework program of research (FP8).

1.3. Description of the study team

The study was commissioned by the European Brain Council
(EBC). It was designed and managed by a steering committee
including professors Jes Olesen, Hans-Ulrich Wittchen and
Bengt Jonsson in collaboration with lead health economists
Anders Gustavsson and Mikael Svensson.

The review of epidemiological data was conducted by
panels of European experts (one panel for each disorder).
The panel members for each disorder are listed in Table 1.

A health economic expert panel was formed with the aim
to validate the study design and assist in the interpretation
of data. The panel was chaired by Prof Bengt Jonsson and in-
cluded the following members: Dr. Gisela Kobelt, Dr. Linus
Jonsson, Prof. Massimo Moscarelli and Prof. Martin Knapp.

The coordination of the study, review of the economic
data, analysis of data and drafting of reports was conducted
by the company Optuminsight, led by Anders Gustavsson.
The employees at Optumlnsight contributing to this study in-
cluded Korinna Karampampa, Mattias Ekman, Amir Musayev,
Brenda Gannon and Christina Ljungcrantz.

1.4. Study objective

The objective of this study was to estimate:

1. the number of persons with defined disorders of the brain
in Europe in 2010

2. the total cost per person related to each disease by spec-
ifying direct and indirect costs

3. to estimate the total cost per disorder and country.

More generally, the aim was to provide a revised, im-
proved, up-to-date estimate of the cost of disorders of the
brain in all of Europe, incorporating relevant cost items, di-
agnoses and age groups that were not included in the
EBC2005 study due to limitations in the available data.

2. Methods

2.1. Study scope

2.1.1. Disorders of the brain
The methods and design of this study have already been presented
largely in a separate publication mainly focusing on epidemiological
data (Wittchen et al., 2011).

The list of all diagnostic groups (ICD-10 codes) included in the
study is presented in Table 2.

2.1.2. Geographical scope

All 27 members of the European Union (EU27) and Iceland, Norway and
Switzerland are included in this study. These 30 countries are
two more than in the EBC2005 study (Andlin-Sobocki et al., 2005) in
which Bulgaria and Romania were not included (they joined the EU


http://portal.isiknowledge.com/
http://portal.isiknowledge.com/
http://portal.isiknowledge.com/

722

A. Gustavsson et al.

Table 1

Epidemiologic panels.

Disorder

Epidemiologic panel

Previously reviewed disorders of the brain

Addiction

Anxiety disorders

Brain tumor
Dementia

Epilepsy
Headache

Mood disorders

Multiple sclerosis

Parkinson's disease

Psychotic disorders

Stroke
Trauma

Jiirgen Rehm (alcohol

use disorders

and opioid dependence)

Roland Simon

(cannabis use disorders)
Hans-Ulrich Wittchen

Carlo Faravelli (panic disorder,
panle chair)

Stefanie Drabsch (panic disorder)
Christer Allgulander (GAD)
Frank Jacobi (others)

Andreas Maercker (PTSD)
Beatrice Melin (panel chair)
Brigitte Schlehofer

Laura Fratiglioni (panel chair)
Weili Xu

Ettore Beghi

Lars Jacob Stovner (panel chair)
Mattias Linde

Jordi Alonso (unipolar disorder,
panel chair)

Andrea Gabilondo (unipolar
depression)

Frank Jacobi (unipolar depression)
Martin Preisig (bipolar disorder,
panel chair)

Jennifer Glaus (bipolar disorder)
Marc Perrin (bipolar disorder)
Maura Pugliatti (panel chair)
Joan Bentzen

Klaus Lauer

Maria Milenkova

Susana Otero

Laszlo Vécsei

Richard Dodel (panel chair)
Judith Dams

Jens-Peter Reese

Yaroslav Winter

Jim van Os

Hans-Ulrich Wittchen

Tobias Kurth

Pieter Vos (panel chair)
Bernhard Walder

Olli Tenovuo

Dafin F. Muresanu

Philippe Azouvi

Eda Ehler

Klaus von Wild

New disorders of the brain

Child and adolescent

disorders
Eating disorders
Mental retardation

Hans-Christoph Steinhausen

Corinna Jacobi

Luis Salvador-Carulla (panel chair)
Jose Garcia-lbanez

Francisco Aguilera

Rafael Martinez-Leal

Table 1 (continued)

Disorder Epidemiologic panel

Neuromuscular
disorders

Peter Van den Bergh (panel co-chair)
David Hilton Jones (panel co-chair)
Albena Jordanova

Fiona Norwood

Jean-Michel Vallat

Jan Verschuuren

Leonard H van den Berg

Mohamed Mhadi Rogers
Personality disorders Frank Jacobi

Sleep disorders Poul Jennum

Somatoform disorder Roselind Lieb (panel chair)
Gunther Meinlschmidt

on January 1st 2007). These countries overall comprise a total of
514 million people (Table 3).

2.2. Methodological approach

The aim of a cost of illness study is to assess the cost of a defined dis-
ease. There are several approaches to this; the chosen approach de-
pends on the specific purpose of the study and the data available.

2.2.1. Societal perspective

This study has a societal perspective which implies that we have
considered the costs of all resources used or lost due to the disease,
irrespective of who the payer is. This perspective is the most rele-
vant for decision makers whose main interest is the welfare of the
society as a whole. It is also the relevant perspective for judging if
all costs are included but it is important to include each cost item
only once in order to avoid double counting. Other perspectives,
such as that of a health care provider, may only consider the costs
of a certain hospital in order to optimize the health care delivery
of that hospital within a given budget.

Costs are presented in three main categories:

a) direct health care costs (i.e. all goods and services related to the
prevention, diagnosis and treatment of a disorder; e.g. physician
visits, hospitalizations and pharmaceuticals),

b) direct non-medical costs (i.e. other goods and services related to
the disorder; e.g. social services, special accommodation and in-
formal care), and

c) indirect costs (i.e. lost production due to work absence or early
retirement).

Informal care is sometimes considered to be an indirect cost but
we have chosen to include it under direct non-medical costs because
it replaces formal services that would have fallen into this category.

We have excluded a number of cost items from our estimates due
to the lack of data or lack of consistent methods on how to value and
report these costs. These include indirect costs due to premature
mortality, intangible costs (i.e. the monetary value of suffering
from a disorder), and costs of crime caused by e.g. addiction. We
have also excluded costs related to research because they are not
considered to be caused by the disorder per se, but rather as an in-
vestment aimed at reducing the costs in the future. Moreover, to a
large extent, research costs will likely be reflected in the prices of
potential treatment interventions coming out of this research.

2.2.2. Prevalence-based approach
The total cost of a disorder can be calculated by combining epidemi-
ologic (number of patients) and economic data (cost per patient),
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Table 2 List of disorders (ICD-10 codes) included in the
study.
Disorders ICD-10 codes
Child/adolescent disorders
Hyperkinetic disorders/ADHD F90.x
Conduct disorder F91.x
Pervasive developmental disorders/ F84.x
autism
Personality disorders
Dissocial PD F60.2
Emotionally unstable PD F60.3
Dementia FOO—FO03
Headache G44
Mood disorders
Unipolar/major depression F32, F33
Bipolar disorders F30, F31
Neuromuscular disorders F50.2
Brain tumor C70-72
D32-33
D42-43
Traumatic brain injury S06
Psychotic disorders
Schizophrenia and other psychotic F2x
disorders and syndromes
Multiple sclerosis G35
Addiction
Alcohol dependence F10.2
Opioid dependence F11.2
Cannabis dependence F12.2
Somatoform disorder F45
Epilepsy G40
Parkinson's disease G20
Sleep disorders
Nonorganic insomnia F51.x
Hypersomnia G471
Narcolepsy G47.3
Sleep apnea G47.4
Anxiety disorders
Panic disorder F41.0
Agoraphobia F40.0
Social phobia F40.1
Generalized anxiety disorder (GAD) F41.1
Specific phobias F40.2

Obsessive compulsive disorder (OCD) F42

Posttraumatic stress disorder (PTSD) F43.1
Stroke 161, 163, 164,
167
Mental retardation F70-F79
Eating disorders
Anorexia nervosa/atypical AN F50.0, F50.1
Bulimia nervosa/atypical BN F50.2, F50.3

and there are two main approaches for this. The prevalence-based ap-
proach multiplies the total number of persons affected by a disorder in
a given year (this means 12-month period) with their mean cost in the
same year. The alternative, incidence-based approach, multiplies the
total number of new onset persons with a disease in a given year with
the life-time cost of these new persons. If all underlying conditions
(e.g. incidence rate, mortality, population size, treatment practices

and prices) would be stable over time, the prevalence-based and inci-
dence-based approaches would give the same result. In practice, the
two methods are based on different data and assumptions and thus
might give different results and interpretations (Hodgson and Meiners,
1982).

We chose the prevalence-based approach for several reasons.
First, it fits the specific study objective to estimate the cost attrib-
uted to the disease in a given year (2010) rather than estimating the
life-time cost of patients first diagnosed in this year. Second, for
most disorders of the brain included in this study, annual prevalence
data is available whereas incidence studies are rare, due to the in-
herent methodological complexities and higher costs involved in
doing such studies. Third, it enables the comparison with the
EBC2005 study results as the prevalence-based approach was used
in that study as well (Andlin-Sobocki et al., 2005). Fourth, most
available economic data provide estimates of the costs of patients
over a short period of time rather than life-time costs. Moreover,
most brain disorders have an insidious onset followed by worsening
and often chronic symptoms, and for such conditions the most reli-
able epidemiologic data constitute prevalence estimates derived
from community-based samples. However, there are exceptions
(e.g. stroke and traumatic brain injury) which differ from the
other disorders in that their onset is sudden and followed by an in-
tensive period of care followed by rehabilitation and potentially
cure. For such disorders, incidence rates are mainly available and
the cost of patients during a period following disease onset. In the
EBC2005 study only the cost of the first year following incident
cases of stroke and traumatic brain injury was reported (Andlin-
Sobocki et al., 2005). In this study, we have also included estimates
on the cost of patients suffering from the long term consequences of
these two diseases, as an approximation of the costs for patients
with a previous onset of disease.

2.2.3. Bottom—up cost-of-illness

In the so called bottom—up cost-of-illness studies, cost data are col-
lected by identifying persons with a certain disease and assessing
their individual cost (e.g. by interview, questionnaire or review of
their medical records). The mean cost per person is then multiplied
by the number of persons to get an estimate of the total cost.

The alternative top—down method uses national or regional statis-
tics on the total costs of a group of disorders/in a country/etc. to tease
out the cost of a certain disease. Bottom—up studies benefit from
often being more complete in terms of what resources are available,
and more accurate in terms of the selection of persons because the in-
formation on diagnoses are usually sparse in the available national sta-
tistics. The disadvantage of bottom-up studies is a higher risk of
double-counting costs as a certain person may suffer from several dis-
orders, and it is generally difficult to determine which one that is ac-
tually causing the costs. This problem is handled in most cost-of-illness
studies by trying to separate and only count the specific costs due to
the disorder, rather than the total cost of a patient with the disorder.
This can be done by asking the person to report only the resources used
due to the disorder of interest, and by including only the treatments
that are specific for the disorder. Another approach is to compare
the total cost for patients with the disorder with a matched control
group without the disorder, and consider the difference in cost to be
caused by the disorder of interest (Hodgson and Meiners, 1982).

We aimed to identify patient level data on annual direct and indirect
costs for each disorder; however, in the case that no other data was
available, we made use of estimates from top—down studies. Such esti-
mates, often based on main diagnoses for hospitalization or other
events, were also used for the validation of the bottom—up estimates.

2.2.4. Selection of patient samples

Many cost studies are based on patient convenience samples
recruited from a clinic, health care center or for a specific study
with defined inclusion and exclusion criteria. Such samples may
not be representative of the persons with that disorder in the



724

A. Gustavsson et al.

Table 3  Number of people per country, by age.
Age groups Total
0-17 18-65 66+

Austria 1,541,746 5,445,985 1,387,559 8,375,290
Belgium 2,214,156 6,873,045 1,752,704 10,839,905
Bulgaria 1,259,371 5,061,398 1,242,941 7,563,710
Cyprus 169,741 535,843 97,563 803,147
Czech Republic 1,847,011 7,184,183 1,475,619 10,506,813
Denmark 1,215,510 3,487,211 832,017 5,534,738
Estonia 246,980 875,394 217,754 1,340,127
Finland 1,088,456 3,409,238 853,733 5,351,427
France 14,326,892 40,209,920 10,179,498 64,716,310
Germany 13,481,693 52,320,294 16,000,270 81,802,257
Greece 1,959,895 7,322,714 2,022,509 11,305,118
Hungary 1,826,741 6,639,098 1,548,485 10,014,324
Iceland 80,682 201,418 35,530 317,630
Ireland 1,120,847 2,877,465 469,542 4,467,854
Italy 10,227,625 38,522,346 11,590,357 60,340,328
Latvia 387,189 1,491,635 369,550 2,248,374
Lithuania 636,071 2,186,038 506,930 3,329,039
Luxembourg 107,261 328,856 65,949 502,066
Malta 80,612 276,975 55,383 412,970
Netherlands 3,514,478 10,697,211 2,363,300 16,574,989
Norway 1,109,156 3,078,310 670,733 4,858,199
Poland 7,231,271 26,055,869 4,880,189 38,167,329
Portugal 1,947,738 6,900,680 1,789,295 10,637,713
Romania 3,967,012 14,480,590 3,014,584 21,462,186
Slovakia 1,043,242 3,764,071 617,612 5,424,925
Slovenia 348,065 1,379,537 319,374 2,046,976
Spain 8,184,839 30,502,464 7,301,713 45,989,016
Sweden 1,921,093 5,850,808 1,568,781 9,340,682
Switzerland 1,449,021 5,113,204 1,223,581 7,785,806
United Kingdom 13,104,682 39,354,025 9,549,341 62,008,048
Total 97,639,076 332,425,825 84,002,396 514,067,296

general population. For instance, patients seen at a specialist treat-
ment center might be considered to be typically more severe than
patients in the general patient population or in primary care. By
contrast, epidemiologic studies are typically designed to be repre-
sentative to the general population or fractions thereof by recruit-
ing persons according to random sampling plans based on registers
of the total population in a specific region or the whole country
(so-called community surveys).

Such differences should be considered when the cost per patient
and the prevalence data are multiplied to give an estimate of the
total cost of the disorder. Proper considerations of such differences
can be partially accounted for by separating the treated and
untreated patient populations and use different cost estimates for
the two, or use separate cost per patient and prevalence estimates
for patients at different ages or severity of disease. Such methods
were used in this study to avoid inflated estimates and to improve
transparency and validity, but the specific disaggregation was de-
termined separately for each disorder depending on its characteris-
tics and the available data.

Another problem inherent in our approach is that prevalence data
from community study rarely covers the whole age range. Frequently
prevalence data from the same study are only available for children
and adolescents or only adults and/or the elderly. Rarely is the full
spectrum of all ages covered within one single study design, mostly
due to the different assessment needs. Thus it remains sometimes
questionable to what age range the respective epidemiological and

cost data apply. In case of doubt, one should choose a conservative ap-
proach only applying cost data to those prevalence data, for which the
valid age range has been established.

2.2.5. Prevalence data search

The epidemiologic data in this report was retrieved from published
literature, obtained from a disorder specific literature review per-
formed by the epidemiologic panels. The review sought to identify
the 12-month prevalence data by disorder and country. For many
disorders, country specific data was either not available or did not
provide sufficient detail. In these cases we extrapolated the avail-
able evidence for countries with data to countries without data. In
order to validate this procedure, country-specific surveys were ad-
ditionally performed, reported elsewhere (Wittchen et al., 2011).
Where applicable, the prevalence data was stratified by age, gender
and disease severity. See disorder specific information below for
details.

2.2.6. Cost data search

A search for relevant cost literature was carried out in the electron-
ic bibliographic database PubMed (MEDLINE). From this search we
expect to have identified all relevant published original research ar-
ticles from all relevant peer-reviewed journals. The search strings
were combinations of search terms for each specific disorder,
search terms related to cost studies, and a list of relevant countries
(see appendix for detailed search strings). The title and abstracts of
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all hits with an English abstract were reviewed in order to exclude
that articles that did not provide relevant information. The articles
that could potentially include useful information were reviewed as
full texts. The search was conducted between January and June
2010.

The inclusion criteria were as follows:

The article included data on costs or resource use.

« The data was based on a sample of patients with the relevant
diagnosis.

The article included data from any of 30 European countries
(EU27, Iceland, Norway and Switzerland).

The article was written in English, French, German, Italian or
Spanish.

The article was published on January 1st 2004 or later.

The study had sound and robust methodology for patient selec-
tion, data collection, instrumentation, statistical analysis and
reporting of results.

Articles reporting the cost of patients in clinical trials were ex-
cluded, because these are generally not considered to be represen-
tative of the patient population in clinical practice.

Review articles including data on cost-of-illness studies were in-
cluded and their reference lists were searched for relevant original
research articles. Cost-effectiveness studies were searched for rele-
vant input data but were excluded if they were only based on data
from clinical trials or assumptions. The reference lists of the identi-
fied studies were reviewed for further inclusion of relevant original
research articles. Finally, the studies identified in the previous EBC
study (Andlin-Sobocki et al., 2005) were included.

Country specific data for each disorder was used as input in the
European cost of illness (COl) model. When there were several stud-
ies for one disorder and country, the un-weighted mean of several
estimates was calculated. In some cases where one study was pre-
ferred to others, a rationale was provided for only considering the
preferred study in the model calculations.

2.3. Description of the European COI model

The total cost of each disorder for all European countries was esti-
mated by multiplying the cost and prevalence estimates identified
in the literature review. However, in many countries there were
not sufficient data available. Moreover, the available cost estimates
were from various years and were reported in various currencies.
We therefore developed a European COI model to enable estimation
of the total cost of all brain disorders in 2010, in each country and
with a comparable currency. The following sections describe this
model.

2.3.1. Adjusting cost estimates to 2010 values

Because cost studies were conducted at varying points in time, their
cost estimates were also reported for different years. The cost of a
certain disorder in 2010 may be assumed to be equal to the estimated
cost in a previous year, adjusted for the inflation. All cost estimates
were therefore multiplied by the inflation rate in the relevant coun-
try. We selected the Consumer Price Index (CPl) for a standard
basket of goods [prc_hicp_aind] irrespective of what resources were
included in the cost estimate (Eurostat 2010http:// appsso.eurostat.
ec.europa.eu/ nui/show.do?dataset=prc_hicp_aind&lang=en). There
are alternative indices available (e.g. CPI for health care goods)
but the general CPI index was preferred because it is the most estab-
lished of the available indices and should therefore be most
coherent across different countries. Further, the difference between
the general and the health care goods indices was small (the two sug-
gested indices differed less than 1.2% over the last 5 years in EU27).

2.3.2. Conversion of national currencies to Euro

In order to compare and aggregate costs across countries, costs need
to be converted into a common currency. Nominal exchange rates
can be used to convert all currencies into nominal Euro, and the ag-
gregate of all countries will then indicate the sum of the costs of all
goods and services in Europe (valued at their local prices). However,
because price levels vary within Europe, the comparison of nominal
costs across countries does not accurately reflect their real value
from a European perspective. For instance, it may be that two coun-
tries have the same resource utilization, but because of different
price levels they end up with different costs. Instead, conversion
to a common currency using real exchange rates results in compara-
ble costs valued at a European price level (real Euro). The limitation
of such estimates is that they do not reflect the actual spending in
each individual country.

The estimates presented in this report were converted to real
Euro, using nominal exchange rates from the European central
bank (ECB) (European Central Bank 2010. http://sdw.ecb.europa.
eu/browse.do?node=2018779) adjusted for comparative price levels
(CPL) for 2009 from Eurostat [prc_ppp_ind] (Eurostat 2010. http://
appsso . eurostat.ec.europa.eu/ nui/ show.do? dataset = prc_ppp_
ind&lang=en). CPL is defined as the ratios of purchasing power par-
ities to exchange rates. The selected CPLs were based on the total
consumption in each country (GDP), i.e. not limited to price differ-
ences in health care goods. The data reported from Eurostat are
equal to the corresponding indices from OECD (OECD statistics
2010. http://stats.oecd.org/).

2.3.3. Extrapolation across countries to fill data gaps
Extrapolation from one country where data is available to another
where no data is available gives an indication of the burden of a dis-
order in the latter country, and enables estimation of the overall
burden of all disorders in Europe. The European COl model per-
formed such extrapolation for both the prevalence and cost of
each disorder.

The median prevalence ratio, calculated from all countries with
available estimates, was assumed for countries without any country
specific data. The median was preferred to its alternative (i.e. the
arithmetic mean) because it is less sensitive to influential outliers
(e.g. relatively high estimates in single countries or studies which
would otherwise have unreasonable impact on the average).

The median was considered also for cost extrapolation, but ad-
justed for income, health care expenditure, and wage level differ-
ences across countries. That is, the European median was
multiplied by an index of the relative income, expenditure or
wage level in each individual country, depending on the cost type.
The national health care expenditure was considered for direct
health care costs, the gross domestic product (GDP) for direct non-
medical costs, and the wage level for indirect costs.

These indices were available from Eurostat but the most recent
were from 2008 and they were missing for some countries. The
health care expenditure data from Eurostat [hlth_sha1h] (Eurostat
2010. http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=
hlth_shath&lang=en) had to be complemented by data from OECD
(total expenditure on health, % of gross domestic product) (OECD
statistics 2011. http: //stats.oecd.org/ index.aspx?DataSetCode =
HEALTH_STAT) combined with data on GDP from Eurostat [nama_
gdp_c] (Eurostat 2010. http: // appsso.eurostat.ec.europa.eu/nui/
show.do?dataset=nama_gdp_cé&lang=en). For countries where no
data for 2008 were available, an older estimate was inflated by a
comparative price index for health care expenditure [prc_hicp_aind]
(Eurostat 2010. http://appsso.eurostat.ec.europa.eu / nui/show.do?
dataset=prc_hicp_aind&lang=en). GDP data were available from
Eurostat for 2009 for most countries, but we used 2008 figures as
they were complete [nama_gdp_c] (Eurostat 2010. http://appsso.
eurostat.ec.europa.eu/nui/show.do?dataset=nama_gdp_c&lang=en).
Data on wage levels were available by combining several Eurostat sources
[earn_gr_nace, earn_gr_nace2; earn_gr-isco; tps000174]; (Eurostat
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2010. http://epp.eurostat.ec.europa.eu/tgm/table.do?tab=table &
init=1&plugin=1&language=en&pcode=tps00174) (Eurostat 2010.
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset =earn_
gr_nace&lang=en; Eurostat 2010. http://appsso.eurostat.ec.europa.
eu / nui / show.do?dataset=earn_gr_nace2&lang=en; Eurostat 2010.
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=earn_
gr_iscolang=en), and for countries where no data for 2008 were
available an older estimate was inflated by a Eurostat labour cost
index [lc_lci_r1_a] (Eurostat 2010. http://appsso.eurostat.ec.europa.
eu/nui/show.do?dataset=Ic_lci_r1_a&lang=en).

2.3.4. Aggregation of data

The prevalence ratios were multiplied by the number of people in
each respective country. Data for 2010 were available on the popu-
lation size by 1year age spans for each country from Eurostat
[demo_pjan] (Eurostat 2010http://appsso.eurostat.ec.europa.eu/
nui/show.do?dataset=demo_pjané&lang=en), which enabled calcu-
lating the number of persons with each disorder in relevant age
groups. The number of persons with each disorder was then multi-
plied by the country-specific estimates of the cost per patient.

For some disorders, the direct costs were multiplied by a “treat-
ment rate” to adjust for disorders where the available cost esti-
mates only referred to a subset of the total population with the
disorder (see disorder specific information for details).

Further, indirect costs were only applied to the working popu-
lation (i.e. age between 18 and 65), unless the indirect cost esti-
mates were actually presented as an average of the total
population of all ages. For some disorders, the identified cost
studies presented the mean indirect cost of the whole population,
including also the zero estimates of patients not working because
of other causes than the disorder (e.g. being underage or retired).
This was the case for brain tumor, traumatic brain injury, alcohol
addiction and neuromuscular disorders. For epilepsy, the cost
studies presented estimates for a mix of age ranges for different
countries; some for all ages, others for 18+ or 18-65. We selected
the age range 0-65 as a compromise because considering all ages
(or 18-65) would overestimate (or underestimate) the indirect
cost.

2.4. Methods for validation

The results of this study were validated by comparison with the
EBC2005 study (Andlin-Sobocki et al., 2005). Some of the differences
are explained by the inclusion of certain disorders and costs in this re-
vision that were omitted in the EBC2005 study. Other differences can
be explained by new prevalence or cost estimates, or by new assump-
tions that have been considered appropriate this time. Details on all
these aspects are provided in the Results section.

The estimates of the European cost model were also compared with
external data from administrative databases, other European reviews
of certain disorders and studies from the United States. An unstruc-
tured review of such sources and studies was conducted in PubMed,
complemented by studies that were known to the study team.

3. Results

3.1. Previously (review 2005) reviewed disorders of
the brain

3.1.1. Number of persons
The total number of persons with any of the 12 previously
reviewed group of disorders of the brain was estimated at
179 million (Table 4). In the EBC2005 study this estimate was
lower (127 million) (Andlin-Sobocki et al., 2005). About 10.4%
of this difference is explained by the increase in the underlying
population, i.e. the population increase in each country from
2004 to 2010 and the addition of Bulgaria and Romania which
were not included in the EBC2005 study. The remaining differ-
ence is mostly explained by coverage of a broader age range,
like including children or the elderly, allowed for by new data
since 2004, enabling more precise estimates for some disorders.
New studies have also suggested the need for mostly minor
changes in prevalence rates for some disorders. The overall
higher number of addiction resulted from a higher estimate of
the prevalence of alcohol dependence in eastern EU states

Table 4 Comparison of 2010 and 2004 estimates, excluding diagnoses and indirect costs that were not included in the EBC2005

study.

Estimates in 2010 Estimates in 2004

Number of Costs per Total costs Number of Costs per Total costs

subjects’ subject?® (million subjects® subject® (million

(million) (€PPP, 2010) €PPP, 2010) (million) (€PPP, 2010) €PPP, 2004)
Addiction 15.5 4227 65,684 9.2 6229 57,275
Anxiety disorders’ 61.3 1076 65,995 41.4 999 41,372
Brain tumor 0.24 21,590 5174 0.14 33,907 4586
Dementia 6.3 16,584 105,163 4.9 11,292 55,176
Epilepsy 2.6 5221 13,800 2.7 5778 15,546
Migraine 49.9 370 18,463 40.8 662 27,002
Mood disorders’ 33.3 3406 113,405 20.9 5066 105,666
Multiple sclerosis 0.54 26,974 14,559 0.38 23,101 8769
Parkinson's disease 1.2 11,153 13,933 1.2 9251 10,722
Psychotic disorders® 5.0 5805 29,007 3.7 9554 35,229
Stroke? 1.3 21,000 26,641 1.1 19,394 21,895
Traumatic brain injury % 1.2 4209 5085 0.71 4143 2937
Total 178.5 2672 476,911 127.0 3040 386,175

"Referred to as “affective disorders” in 2005, %includes only incident cases in 2010, 3weighted mean from all countries and diagnoses
%including also persons with zero costs, %excluding indirect costs, “excluding PTSD.
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leading to a subtle increase from 2.4 to 3.4%. This increase was
partially offset by the exclusion of cannabis dependence (esti-
mated prevalence of 0.4%). An estimate of the cost of cannabis
dependence was included in the previous EBC study (Andlin-
Sobocki and Rehm, 2005), but based on questionable data, and
reliable evidence on the cost of this disorder in Europe is still
lacking. Persons with cannabis dependence are therefore not in-
cluded in the cost estimates presented here. The higher preva-
lence of brain tumors was explained by the inclusion of benign
tumors, contributing with an increase in the overall prevalence
by 60%. The latest review of the literature on the prevalence of
migraine showed a mean of 15%, compared to 13.6% that was
considered for the EBC2005 study (Berg and Stovner, 2005). In
multiple sclerosis, a change in the diagnostic criteria has
resulted in earlier detection of the disease and consequently a
higher prevalence.

For the EBC2005 study (Andlin-Sobocki and Wittchen,
2005b), only persons between the age of 18 and 65 were consid-
ered for anxiety disorders. In this report we felt confident to
widen the age span covered. However, this required a number
of adjustments with regard to the prevalence estimates, which
had an impact on the estimated number of persons affected.

The overall 12-month prevalence estimates were adjusted
for dementia and Parkinson's disease. We extended the lower
age range for dementia to age 60, compared to 65 that was
used in the 2005 report, which led to an increase in the num-
ber of persons included. For Parkinson's disease, we consi-
dered the prevalence estimates in two age groups (40-69
years - prevalence of 0.1% on average, and persons above 70
years old - prevalence 1.5%), compared to the EBC2005 study
(Lindgren et al., 2005) where only the prevalence of the disorder
in persons above 65 years of age was taken into account. This
however, did not result in a significant change in the estimated
number of persons with the disease, likely because the prevalence
rates adjusted for age resulted in a lower prevalence overall.

Age group adjustments were also made for major depression,
anxiety disorders (see below for GAD), psychotic disorders and
traumatic brain injury, whenever there was evidence of signifi-
cantly different prevalence rates by age group, that would be asso-
ciated with overall inadequate estimations of the number of
persons affected. For alcohol addiction, all persons above 15 years
of age were considered with prevalence estimates adjusted for
age and geographical region. For opioid dependence, the age
range 15-65 was considered with an estimated prevalence rate
between 0.4 and 0.1%, decreasing with age. For generalized anxi-
ety disorder (GAD), two age groups were considered; 14-65 with a
prevalence of 1.7% and 66+ with a prevalence of 3.4%.

3.1.2. Cost per person

On average, the overall cost per person with any of the 12 pre-
viously reviewed disorders of the brain decreased from €3040
in 2004 to €2670 in 2010 (Table 4).

The decrease in the overall cost per person was seen despite
an underlying inflation of 14.5% (average for EU27, weighted by
the total consumption in each country). The primary explana-
tion was that the last six years have produced many new studies
and in countries where there were no prior evidence. In many
cases these studies have shown lower costs than what our esti-
mates showed in the EBC2005 study (Andlin-Sobocki et al.,
2005), but in others the new studies points to higher costs.

A decrease in the inflation adjusted estimates of the cost
per person was seen in seven disorders: addiction, brain tumor,

epilepsy, migraine, mood disorders, psychotic disorders and trau-
matic brain injury. In alcohol addiction, four new studies all show
lower costs than the two studies used in the previous EBC study
(Andlin-Sobocki and Rehm, 2005). In opioid dependence, three
new studies show similar costs in the UK but lower estimates for
France and Spain which results in a lower European average than
in the one estimated from the EBC2005 study (Andlin-Sobocki
et al., 2005). In brain tumor, the decrease was due to the exclu-
sion of indirect costs due to mortality (which were included in
the EBC2005 study) accounting for 73% of the indirect costs. The
direct cost actually increased due to new estimates available
for high grade gliomas which are relatively more costly than other
tumors. This increase also mirrors increased costs for new treat-
ments which have become available in the recent years. In epilep-
sy, the recent evidence shows more variation in the costs across
European countries, with low cost estimates in Italy and France
which results in a lower average overall.

For migraines, the decrease in the cost per person was main-
ly explained by the exclusion of the indirect cost associated with
presenteeism (i.e. productivity losses due to reduced efficiency
of persons who are not sufficiently ill to be absent from work).
This cost is an important part of the economic burden of mi-
graines, and an estimate was included in the EBC2005 study
(Berg and Stovner, 2005) but the method for estimating this cost
is not considered sufficiently established to be included in this
revision. In mood disorders, the cost per person of major depres-
sion decreased due to lower indirect cost estimates from studies
in Spain and the Netherlands, whereas estimates for bipolar de-
pression remained unchanged. Also, the mean cost per person
with a mood disorder decreased as a result of the inclusion of
a wider age range for major depression causing an increase in
the proportion of these persons with lower costs relative to
those with bipolar disorder. In psychotic disorders, a new pro-
spective study has shown lower costs per person than previously
reported (Andlin-Sobocki and Rossler, 2005). For traumatic
brain injury, the estimate presented in the EBC2005 study was
based on a single estimate for patients admitted to hospital irre-
spective of severity (Berg et al., 2005). The revised estimate is
based on separate estimates for each severity (mild, moderate
and severe traumatic brain injury). This resulted in a slightly
lower cost per person on average, probably because the more
severe cases were overrepresented in previous estimates.

The inflation adjusted estimates of cost per person increased
for dementia. Recent cost studies have shown higher informal
care costs in southern Europe (France and Spain) and also higher
costs associated with special accommodation and community
services in northern Europe (Sweden and the UK).

The cost per person remained on the same level (absolute
difference less than 6%) for the remaining four disorders: anxi-
ety disorders, multiple sclerosis, Parkinson's disease and stroke.

3.1.3. Total costs

The total cost of the 12 previously reviewed disorders of the
brain increased from €386 billion in the EBC2005 study to
€477 billion in 2010 (Table 4). This 23% increase should be com-
pared with an expected 25% increase if simply inflating the cost
estimated from 2004 to 2010 values and population size.

Total costs, adjusted for the population increase and infla-
tion, were higher for four disorders (anxiety disorders, demen-
tia, multiple sclerosis and traumatic brain injury), lower for six
disorders (addiction, brain tumor, epilepsy, migraine, mood dis-
orders and psychotic disorders) and remained the same
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Table 5 Overview of the number of persons and cost extensions to the 12 previously reviewed disorders, by diagnosis.
Disorder Diagnosis Number of Cost per patient Total costs

subjects  (€PPP 2010) (million €PPP 2010)
(miltion) Direct Direct Indirect Total Direct Direct Indirect Total
healthcare non-medical costs healthcare non-medical costs
costs costs costs costs
Anxiety PTSD 7.7 1064 19 0 1082 8241 144 0 8385
disorders
Headache Medication 8.3 305 0 1986 2291 2533 0 16,503 19,037
overuse
headache
Headache Other 10.2 33 0 24 57 333 0 249 582
headaches
Headache Tension type 84.4 24 0 41 64 1991 0 3441 5433
headache
Psychotic  Psychotic 5.0 12,991 12,991 64,920 64,920
disorders disorders
(indirect costs)
Stroke Stroke 7.0 3556 1399 413 5368 24,782 9748 2882 37,412
(prevalent)
Traumatic TBI (prevalent 2.5 2002 1294 5725 9020 5083 3285 14,539 22,907
brain moderate
injury and severe
(TBI) cases, all costs)
Traumatic TBI (indirect 1.2 4156 4156 5021 5021
brain costs of
injury incident cases)
(TBI)

(difference smaller than 4%) for Parkinson's disease and Stroke.
The changes could be attributed to the differences in the num-
ber of persons and costs per person compared to the estimates
in the EBC2005 study, as described above.

3.1.4. Extension to estimates of previously reviewed
disorders

The estimates described above excluded some important cost
items and diagnoses, which were also not included in our previ-
ous study. Table 5 shows extensions to the 12 previously
reviewed disorders of the brain, including diagnoses and costs
that were omitted in the EBC2005 study (Andlin-Sobocki et al.,
2005) due to lack of data.

With regard to anxiety disorders, we now included Post Trau-
matic Stress Disorder (PTSD) which resulted in an additional
7.7 million persons and 8.4 billion Euro in costs.

New data from the Eurolight study (Linde et al., 2011) en-
abled addition of non-migrainous headaches (tension type head-
ache, medication overuse headache, and other headaches) to
the cost of migraine. Tension type headache is a very common
disorder, albeit not very costly, affecting a quarter of the Euro-
pean population. The non-migrainous headaches therefore add
103 million persons and €25 billion in total costs. Further, the
numbers of persons suffering from the long term consequences
of a previous stroke or traumatic brain injury were estimated
at 7 and 2.5 million, and their costs were estimated at €37 and
€23 billion, respectively. Finally the indirect costs of psychotic
disorders and traumatic brain injury were not included in the

EBC2005 study (Andlin-Sobocki et al., 2005), but were now esti-
mated at €70 billion. Altogether, the 12 previously studied dis-
orders now affect 300 million persons (Table 6) and their total
cost is €640 billion per year in Europe (Table 8).

Tables 68 present the country specific estimates of number
of persons, cost per person and total costs for the 12 previously
reviewed disorders including extensions.

3.2. New disorders of the brain

3.2.1. Description of included disorders

In addition to the 12 previously studied disorders, seven addi-
tional disorder groups were included in the present 2010 analy-
sis as listed in Table 9. The methodological approach for these
disorders was identical to that of the previously reviewed disor-
ders, with one difference being that no restriction was set re-
garding the year of publication (i.e. also publications before
2004 were included in the literature search).

For most of the additional disorder groups, it was only possi-
ble to include a subset of all conditions as listed in ICD-10. For
inclusion, relevant and reliable prevalence and cost data is nec-
essary; generally, it was the lack of cost data that was the rea-
son for excluding conditions. Table 9 summarizes the included
conditions in each disorder group.

Child and adolescent disorders include autism spectrum dis-
orders (ASD), attention deficit hyperactivity disorder (ADHD),
and conduct disorder (CD). Eating disorders includes Anorexia
Nervosa (AN) and Bulimia Nervosa (BN). Mental retardation is



Table 6 Number of persons with disorders of the brain in Europe, 12 previously reviewed disorders including extensions.

Country Addiction Anxiety Brain Dementia  Epilepsy Headache Mood Multiple  Parkinson's  Psychotic  Stroke Traumatic
disorders tumor disorders sclerosis  disease disorders brain injury
Austria 254,208 1,134,750 4355 107,248 41,039 2,461,585 547,449 8250 19,214 82,003 132,487 61,056
Belgium 319,436 1,434,699 4770 151,840 53,116 3,171,911 691,778 10,677 25,694 103,509 169,165 79,023
Bulgaria 233,378 1,040,593 4463 85,014 37,062 2,335,836 501,200 7450 17,501 75,652 123,915 55,139
Cyprus 25,881 108,938 193 6852 3935 247,292 51,604 791 1416 7601 5276 5855
Czech Republic 331,229 1,449,842 4938 105,773 51,483 3,315,501 693,194 10,349 20,930 103,918 325,606 76,595
Denmark 161,058 725,934 2712 83,202 42,064 1,609,348 349,162 9592 11,713 51,831 90,731 40,348
Estonia 48,643 181,590 523 15,442 5964 403,994 87,238 1320 3061 13,118 25,353 9770
Finland 156,745 712,217 2569 109,802 27,292 1,573,363 343,060 4977 12,328 51,156 97,306 39,012
France 1,865,389 8,417,762 27,181 968,911 349,468 18,094,464 4,054,124 61,286 177,095 604,673 733,716 471,782
Germany 2,435,139 11,101,740 35,993 927,272 400,831 26,001,183 5,408,460 104,707 219,579 819,847 1,370,231 596,338
Greece 343,860 1,531,323 7235 145,361 26,002 3,379,432 741,574 13,521 28,894 112,143 338,623 82,414
Hungary 307,288 1,368,604 3805 111,702 49,070 3,063,944 656,494 6209 21,687 98,251 223,547 73,004
Iceland 9794 41,095 143 2866 1525 92,954 19,447 378 539 2843 3515 2316
Ireland 137,759 575,987 2681 36,658 38,424 1,327,950 272,233 10,303 7035 40,164 59,279 32,571
Italy 1,771,043 8,137,853 24,136 808,330 269,118 15,100,761 3,963,790 54,910 238,133 601,352 1,066,596 439,881
Latvia 83,546 309,533 1394 25,140 11,017 688,390 148,667 2215 5113 22,334 58,963 16,391
Lithuania 123,489 454,805 1698 34,653 14,315 1,197,949 217,623 1864 7155 32,316 45,135 24,269
Luxembourg 15,397 66,696 191 5015 2460 159,824 31,877 495 990 4738 8436 3660
Malta 13,020 56,393 145 4028 2024 127,824 26,884 70 831 3988 6893 3011
Netherlands 489,301 2,190,872 6464 210,366 127,627 5,594,642 1,052,351 16,326 34,573 156,726 226,625 120,832
Norway 144,842 635,133 2332 58,003 28,663 1,420,640 304,011 7190 9840 44,989 67,683 35,416
Poland 1,200,492 5,260,634 25,190 357,873 297,705 12,024,783 2,499,229 37,595 73,912 371,233 502,998 278,240
Portugal 326,027 1,434,170 5638 133,603 52,125 3,184,664 692,059 4925 25,378 104,280 424,282 77,549
Romania 674,217 2,937,480 13,307 199,110 105,165 6,682,793 1,402,169 5580 43,841 209,942 198,628 156,459
Slovakia 173,049 750,283 2712 42,931 26,582 1,737,119 355,049 5344 9274 52,580 84,141 39,548
Slovenia 64,265 281,046 1003 22,797 10,030 636,656 135,176 3109 4573 20,387 49,871 14,922
Spain 1,437,560 6,238,499 20,695 608,711 225,346 13,909,125 3,002,725 36,193 79,789 453,650 644,025 335,260
Sweden 277,283 1,239,737 3643 110,044 38,764 2,700,149 597,797 15,889 21,793 89,035 137,361 68,094
Switzerland 236,253 1,054,079 3504 124,218 38,150 2,359,744 507,641 7669 17,624 76,041 71,156 56,759
United Kingdom 1,878,455 8,195,617 26,043 738,415 266,635 18,208,545 3,936,897 90,532 109,806 586,840 946,805 452,039
Europe 15,538,043 69,067,905 239,655 6,341,179 2,643,001 152,812,362 33,290,962 539,716 1,249,312 4,997,139 8,238,346 3,747,550
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Table 7 Cost per person with a disorder of the brain (€PPP, 2010), weighted means for all diagnoses and age groups within disorder, including extensions.

Country Addiction Anxiety Brain Dementia Epilepsy Headache Mood Multiple Parkinson's Psychotic Stroke Traumatic
disorders tumor disorders sclerosis disease disorders brain injury
Austria 5043 1381 28,600 13,528 6079 589 4116 29,763 12,411 23,917 9634 10,856
Belgium 4656 1249 25,982 14,226 5569 302 3873 23,228 11,126 22,506 8512 10,160
Bulgaria 1176 273 5607 4272 1291 67 940 7227 3143 4960 2171 2379
Cyprus 3277 796 16,086 9677 3734 225 2962 18,842 7888 16,895 6553 7300
Czech Republic 2487 631 12,784 8727 2870 133 1934 15,380 11,716 10,460 4942 4931
Denmark 4939 1327 27,366 9684 5915 323 4143 27,875 11,959 24,179 8802 10,807
Estonia 1679 491 10,107 7108 2294 119 1645 12,302 5368 8850 4432 4202
Finland 4189 1077 22,329 12,839 4890 263 3448 24,202 8074 19,595 7501 8969
France 4209 1199 24,998 21,440 3693 258 3427 28,224 7128 21,883 8522 9129
Germany 5671 1357 28,527 12,178 10,246 411 4541 30,521 12,762 19,091 9686 11,137
Greece 3636 971 20,222 9790 4307 234 3000 21,577 8659 17,247 6923 7899
Hungary 2343 591 12,112 7305 2696 144 1934 14,007 5926 10,791 4528 4950
Iceland 5315 1434 29,114 14,257 6442 350 4595 29,167 13,017 27,109 9619 11,669
Ireland 5016 1358 27,234 11,785 6060 311 4242 27,989 12,878 24,504 6346 10,680
Italy 3883 1013 21,312 11,022 2351 175 3126 32,215 13,363 17,707 8954 8303
Latvia 1778 416 8545 6115 1956 106 1449 10,729 4567 7799 3715 3679
Lithuania 1766 432 8861 6425 2002 96 1341 10,671 4891 7168 4071 3462
Luxembourg 7483 1855 37,723 28,069 8570 354 5621 44,565 21,475 29,809 15,158 14,379
Malta 2975 802 16,282 8227 3565 191 2524 17,554 7357 14,647 5381 6447
Netherlands 5169 1388 28,416 14,059 5867 307 3418 20,329 12,689 25,346 10,687 11,256
Norway 6254 1631 33,518 11,668 7390 348 4865 35,959 16,823 27,153 12,917 12,649
Poland 2159 548 11,073 6930 2504 130 1796 13,114 5618 10,028 4347 4512
Portugal 3054 825 17,082 8498 3649 190 2481 18,111 7512 14,234 5799 6519
Romania 1542 364 7376 5206 1715 95 1311 9240 3933 7135 2963 3254
Slovakia 2090 531 10,614 7313 2422 115 1671 12,756 5810 9129 4124 4183
Slovenia 3034 1030 16,308 9427 3565 178 2436 18,568 7898 13,602 5710 6283
Spain 3751 997 20,538 29,389 7884 400 3232 31,226 9832 18,366 7246 7921
Sweden 5275 1271 26,545 26,737 5702 288 3793 39,377 8405 21,650 9615 10,076
Switzerland 5222 1422 29,334 14,702 6308 319 4224 24,422 13,161 24,314 10,303 11,061
United Kingdom 6238 1426 29,406 30,016 6143 391 4887 29,828 21,500 28,487 8967 12,516
Europe ® 4227 1077 21,590 16,584 5221 285 3406 26,974 11,153 18,796 7775 8809

2 Weighted mean by prevalence in each country.
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Table 8 Total costs of disorders of the brain in Europe in 2010 (€PPP million, 2010), 12 previously reviewed disorders including extensions.

Country Addiction  Anxiety Brain Dementia  Epilepsy Headache Mood Multiple  Parkinson's  Psychotic  Stroke  Traumatic Total
disorders  tumor disorders  sclerosis  disease disorders brain injury

Austria 1282 1568 125 1451 249 1449 2253 246 238 1961 1276 663 12,762
Belgium 1487 1792 124 2160 296 958 2679 248 286 2330 1440 803 14,603
Bulgaria 275 284 25 363 48 155 471 54 55 375 269 131 2506
Cyprus 85 87 3 66 15 56 153 15 11 128 35 43 696
Czech Republic 824 915 63 923 148 442 1341 159 245 1087 1609 378 8134
Denmark 795 964 74 806 249 519 1446 267 140 1253 799 436 7749
Estonia 82 89 5 110 14 48 143 16 16 116 112 41 793
Finland 657 767 57 1410 133 414 1183 120 100 1002 730 350 6924
France 7852 10,096 679 20,773 1291 4664 13,892 1730 1262 13,232 6253 4307 86,031
Germany 13,809 15,064 1027 11,292 4107 10,688 24,561 3196 2802 15,651 13,272 6641 122,111
Greece 1250 1487 146 1423 112 791 2225 292 250 1934 2344 651 12,905
Hungary 720 808 46 816 132 440 1269 87 129 1060 1012 361 6882
Iceland 52 59 4 41 10 33 89 11 7 77 34 27 444
Ireland 691 782 73 432 233 413 1155 288 91 984 376 348 5866
Italy 6878 8244 514 8909 633 2637 12,392 1769 3182 10,648 9550 3652 69,008
Latvia 149 129 12 154 22 73 215 24 23 174 219 60 1253
Lithuania 218 197 15 223 29 114 292 20 35 232 184 84 1642
Luxembourg 115 124 7 141 21 57 179 22 21 141 128 53 1009
Malta 39 45 2 33 7 24 68 1 6 58 37 19 341
Netherlands 2529 3040 184 2958 749 1718 3597 332 439 3972 2422 1360 23,300
Norway 906 1036 78 677 212 495 1479 259 166 1222 874 448 7850
Poland 2591 2882 279 2480 745 1559 4489 493 415 3723 2187 1256 23,099
Portugal 996 1183 96 1135 190 603 1717 89 191 1484 2460 506 10,651
Romania 1040 1069 98 1037 180 636 1838 52 172 1498 588 509 8718
Slovakia 362 398 29 314 64 199 593 68 54 480 347 165 3073
Slovenia 195 289 16 215 36 113 329 58 36 277 285 94 1944
Spain 5393 6219 425 17,890 1777 5565 9705 1130 784 8332 4666 2655 64,542
Sweden 1463 1576 97 2942 221 778 2268 626 183 1928 1321 686 14,087
Switzerland 1234 1499 103 1826 241 752 2144 187 232 1849 733 628 11,428
United Kingdom 11,719 11,687 766 22,164 1638 7119 19,238 2700 2361 16,717 8490 5658 110,257
Europe 65,684 74,380 5174 105,163 13,800 43,514 113,405 14,559 13,933 93,927 64,053 33,013 640,606
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Table 9 Information on seven additional disorders of the
brain in Europe.

Disorder groups Included conditions ICD-10 Considered

age ranges
Child and Autism spectrum F84 2-17
adolescent disorders (ASD)
disorders Attention deficit 6-17
(CAD) hyperactivity
disorder (ADHD)
Conduct disorder (CD) 5-17
Eating disorders Anorexia nervosa (AN) F90 14-65
(ED) Bulimia nervosa (BN) 14-65
Mental Mental retardation F91 2-65
retardation (18—65
for costs)
Personality Borderline (BD) PD F50 18-65
disorders (PD) Antisocial (AS) PD 18-65
Sleep disorders Hypersomnia 18+
(SLD) Narcolepsy 18+
Insomnia 18+
Sleep apnea 18+
Neuromuscular Muscular dystrophies  F50.2  All
disorders Congenital myopathies
(NMD) Distal and myofibrillar
myopathies
Myotonic dystrophies
Chronic inflammatory
demyelinating
polyradiculoneuroapthy
Multifocal motor
neuropathy
Paraproteinemic
polyneuropathies
Guillain—Barré
ALS
Myasthenia gravis
Somatoform Somatization disorder, F70— 18+ (18-65
disorders undifferentiated 79 for costs)
(SoD) somatoform disorder/

somatic symptom
index (SS14,6),
pain disorder

also sometimes denoted intellectual disability. For personality
disorders (PD) two conditions from the PD cluster B were includ-
ed: borderline PD and antisocial PD. For sleep disorders (SD), it
was possible to include narcolepsy, hypersomnia, insomnia and
sleep apnea.

Neuromuscular disorders cover a wide range of different condi-
tions, but lack of relevant cost data made it impossible to include
a vast range of significant conditions. In the end we grouped the
included conditions as follows: (1) muscular dystrophies and other
genetic myopathies (Duchenne, Becker, Facioscapulohumeral,
Limb Girdle, Emery—Dreifuss, Oculopharyngeal MD, congenital
MDs, congenital myopathies, distal and myofibrillar myopathies
and myotonic dystrophies), (2) acquired neuropathies (chronic in-
flammatory demyelinating polyradiculoneuroapthy, multifocal
motor neuropathy, paraproteinemic polyneuropathies, Guillain—
Barré) and amyotrophic lateral sclerosis (ALS), (Nutt and Goodwin,
2011) autoimmune disorders of muscle and of the neuromuscular

junction (only possible to include Myasthenia Gravis). Hence,
important conditions such as hereditary neuropathies (e.g.
Charcot—Marie Tooth disease), spinal muscular atrophies, inflam-
matory myopathies (dermatomyositis, polymyositis, and inclusion
body myositis, glycogen storage diseases, mitochondrial cytopa-
thies) and several other conditions are lacking in the cost analysis.

For somatoform disorder, the majority of studies included
pain disorder. Studies differed regarding the strategy and ap-
plied criteria for ‘Undifferentiated Somatoform Disorder’ (i.e.
conditions of clinical relevance that do not fulfill the rather
strict criteria for somatization disorder or the criteria for any
specific other somatoform disorder).Other diagnoses that fall
into the category of somatoform disorders were not included
due to lack of reliable prevalence and cost data (body dysmor-
phic disorder, hypochondria, dissociative disorder NOS, conver-
sion disorder).

3.2.2. Number of persons

The total number of persons with any of the seven additional
disorders of the brain was estimated at 81 million (Table 10),
which adds 45% to the number of persons with any of the 12 pre-
viously reviewed disorders. It was estimated that there are ap-
proximately 45 million persons with sleep disorders, 20 million
persons with somatoform disorder, and 6 million with child and
adolescents disorders, whereas personality and Intellectual De-
velopmental Disorder were both estimated to affect slightly mo-
re than 4 million persons. Eating disorders was estimated to
affect 1.5 million persons, and the number of persons with neu-
romuscular disorders was estimated at 0.26 million. However, as
mentioned in the previous section, there were a vast range of
neuromuscular conditions not included in this estimation.

3.2.3. Cost per person

The average cost per case for each disorder group is shown in
Table 11. The European crude average varies between €559 for
eating disorders up to €30,052 for neuromuscular disorders.

The cost per person for all seven disorders is based on direct
and indirect costs with the exception of mental retardation that
only contains direct costs and it is therefore not directly compa-
rable to the other disorder groups.

The highest estimated cost per person is seen for neuromus-
cular disorders (NMDs) at nearly €30,000 per person and year
(European average). The high cost is to a large extent explained
by direct health care costs, considering that many NMDs are
treatable but with (currently) expensive treatment options.

Even though the estimate for mental retardation does not
contain indirect costs, it has the second highest cost per person.
If indirect costs would have been included, cost per person
would be substantially higher considering that we know that
for persons with mental retardation, employment is very low
(Martinez-Leal et al., 2011).

For child and adolescent disorders, where the cost per case is
€3600 based on a higher cost for autism spectrum disorders and
slightly lower for attention deficit hyperactivity disorder and
conduct disorder, a large share of costs is direct non-medical
costs. This is primarily due to increased costs for education
and social services for children and adolescents with autism
spectrum disorders. But there are also significant informal care
costs due to the fact that parents and caretakers experience
reduced productivity and employment in order to care for the
children and adolescents.
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Table 10  Number of persons with disorders of the brain in Europe, seven new disorders.

Country Child/adolescent  Eating Mental Neuromuscular ~ Personality  Sleep Somatoform

disorders disorders retardation  disorders disorders disorders disorder

Austria 96,708 24,523 68,331 4189 70,798 736,109 334,844
Belgium 133,322 31,105 88,323 5420 89,350 929,166 422,662
Bulgaria 74,751 21,904 61,684 3784 65,798 679,103 308,913
Cyprus 10,523 2500 6867 401 6966 68,230 31,037
Czech Republic 107,950 31,437 87,923 5256 93,394 932,834 424,330
Denmark 74,831 16,213 45,736 2766 45,334 465,267 211,642
Estonia 14,329 3862 10,907 670 11,380 117,754 53,564
Finland 66,489 15,632 43,772 2676 44,320 459,207 208,886
France 865,928 184,432 528,943 32,346 522,729 5,427,948 2,469,082
Germany 848,005 228,460 644,490 40,926 680,164 7,359,491 3,347,708
Greece 116,949 31,889 90,468 5655 95,195 1,006,667 457,916
Hungary 112,651 29,689 82,724 5009 86,308 881,966 401,192
Iceland 4829 966 2723 159 2618 25,524 11,610
Ireland 64,684 13,194 38,510 2232 37,407 360,540 164,003
Italy 620,174 167,152 476,128 30,186 500,791 5,398,140 2,455,523
Latvia 23,008 6605 18,328 1125 19,391 200,487 91,198
Lithuania 39,873 10,113 27,507 1665 28,419 290,087 131,955
Luxembourg 6604 1491 4248 251 4275 42,528 19,345
Malta 5084 1265 3493 207 3601 35,802 16,286
Netherlands 217,626 48,580 138,419 8286 139,064 1,406,878 639,965
Norway 67,742 14,350 40,638 2428 40,018 403,847 183,703
Poland 445,563 117,600 324,560 19,087 338,726 3,332,432 1,515,867
Portugal 119,970 30,309 86,450 5320 89,709 936,084 425,809
Romania 242,412 63,805 180,075 10,734 188,248 1,884,580 857,264
Slovakia 64,295 16,996 46,892 2713 48,933 471,995 214,703
Slovenia 20,681 5951 16,836 1024 17,934 183,007 83,247
Spain 480,074 131,049 376,777 23,003 396,532 4,072,265 1,852,405
Sweden 115,418 27,212 75,489 4670 76,061 799,238 363,560
Switzerland 89,822 22,844 64,074 3894 66,472 682,598 310,503
United Kingdom 781,816 180,019 508,933 30,998 511,602 5,267,871 2,396,265
Europe 5,932,112 1,481,145 4,190,247 257,078 4,321,536 44,857,647 20,404,985

For the disorder groups with the lowest cost per person
(sleep disorders and eating disorders), the largest share of costs
are direct costs for eating disorders and indirect costs for sleep
disorders. The former is partly explained by the fact that prev-
alence of eating disorders is higher among adolescents, where
lost productivity due to non-employment is less relevant. How-
ever, impact on schooling may affect productivity and income
later in life.

3.2.4. Total costs

Table 12 summarizes the total cost estimation for the seven new
disorder groups; in power purchase adjusted billion Euros. The
total cost for the seven new disorder of the brain was estimated
at €157 billion.

The highest cost is seen for mental retardation at around
€43 billion, despite the omission of indirect costs. Sleep disor-
ders are estimated at a cost around €35 billion (excluding the in-
direct cost of insomnia). The explanation for the relatively high
cost of sleep disorders is found in the high number of persons,
especially for insomnia, whereas cost per person is not as high
(with the exception of narcolepsy).

Total cost for personality disorders is approx. €27 billion in
Europe in 2010 whereas cost for child and adolescent disorders
is approx. €21 billion. For the latter it should be noted that this

only includes children and adolescents, and hence costs for dis-
orders such as autism spectrum, for example, among adults are
not included in the cost estimate.

Total cost for neuromuscular disorders is approximately
€8 billion, but as noted above, this only includes a subset of the
vast range of neuromuscular conditions. Most neuromuscular disor-
ders are very rare, but as was seen in the previous section, the cost
per person is very high. Finally, the total cost of eating disorders is
the lowest among the seven new disorders of the brain at approx.
€800 million, explained both by a, in comparison, relatively smaller
number of persons and relatively lower cost per person.

The total cost of somatoform disorders is estimated at
€21 billion. This is a very conservative estimate for this disorder
which constitutes a group of persons that are difficult to manage
consuming an exceedingly high degree of health care resources
(Salawu et al., 2009) without an established medical need for
such services and resources.

Finally, as seen in Table 12, total cost estimates vary signif-
icantly across European countries, naturally explained by the
significant variance in number of persons due to the different
population sizes. Further, costs are higher in countries with
higher income, which generally have higher health care expen-
diture and with higher wages also follow higher indirect cost
for each day of absence. The highest cost for all seven disorders
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Table 11  Cost per person with a disorder of the brain (€PPP, 2010), weighted means for all diagnoses and age groups within
disorder.
Country Child/adolescent Eating Mental Neuromuscular  Personality  Sleep Somatoform
disorders disorders retardation disorders disorders disorders  disorder
Austria 4391 722 13,404 36,940 7689 1005 1307
Belgium 4050 645 11,618 34,183 7350 919 1209
Bulgaria 1448 149 3230 8688 1732 200 265
Cyprus 3238 379 7124 25,234 5696 607 861
Czech Republic 2922 346 7367 17,569 3393 452 593
Denmark 4304 672 11,942 36,009 7866 976 1298
Estonia 2406 264 5501 15,010 3048 359 475
Finland 4061 559 10,520 30,698 6524 793 1049
France 3833 640 11,522 30,156 6275 871 1116
Germany 4095 709 12,880 38,329 8096 993 1282
Greece 3213 510 9497 27,220 5701 709 924
Hungary 2429 308 6101 17,383 3610 433 579
Iceland 4693 706 12,279 37,976 8567 1067 1466
Ireland 4840 687 12,387 35,172 7656 993 1357
Italy 3632 545 10,368 28,855 5945 740 948
Latvia 2067 220 4633 13,299 2727 306 411
Lithuania 2127 238 5099 12,325 2386 311 403
Luxembourg 9388 1037 21,842 50,671 9676 1326 1726
Malta 2689 405 7565 21,986 4680 588 795
Netherlands 4614 705 12,724 37,837 8189 1020 1367
Norway 6734 880 17,045 42,935 8681 1180 1537
Poland 2297 283 5714 15,832 3271 402 546
Portugal 2786 437 8181 22,315 4614 599 777
Romania 1759 186 3834 11,658 2455 270 373
Slovakia 2435 282 5947 14,790 2923 383 517
Slovenia 3116 429 8597 22,045 4409 576 753
Spain 3640 532 10,253 27,427 5610 725 950
Sweden 5548 677 12,793 34,161 7057 925 1189
Switzerland 4790 752 14,236 37,769 7752 1032 1345
United Kingdom 3526 688 11,741 41,978 9613 1069 1466
Europe ® 3595 559 10,334 30,052 6328 790 1037

2 Weighted mean by prevalence in each country.

together is found in Germany (€31 billion), followed by the UK
(€24 billion) and France (€21 billion).

3.3. An overview of the cost of disorders of the brain

3.3.1. Cost per person

The cost per person with a brain disorder is highly variable
(Fig. 2). A person with a neuromuscular disorder is estimated
to cost €30,000 for any given year. At the other end, a person
with headache only incurs €285 per year on average.

3.3.2. Aggregated costs

Simply aggregating the number of persons and costs of all disor-
ders of the brain is hazardous, because there is a risk of double
counting. Many persons might have multiple disorders and are
included potentially in the prevalence estimates for specific dis-
orders more than once. It is difficult to attribute the resource
use and indirect costs to a specific disorder if the person suffers
from many disorders. This may lead to the same cost being
counted for and included in different disorders. To the extent
possible, we have corrected for double counting in the cost esti-
mates by considering the excess cost for each disorder (i.e. the

additional cost that a person with the disorder causes, irrespec-
tive of whether they have any other disorders or not). Thereby,
we have not attempted to correct for double counting in the
number of persons with the disorder, but instead in what addi-
tional cost they incur. Still, the available evidence is limited
and we have not considered all overlap between the 19 disor-
ders and the individual diagnoses within each of these disorders
that are included in this study.

With this caveat in mind, we report the total number of per-
sons and costs for all disorders of the brain in Table 13. The total
number of persons is estimated at 380 million. Again, this does
not mean that there are so many persons with a disorder of
the brain, since many of them have two or more. The aggregat-
ed cost brings €798 billion for the whole of Europe in 2010. The
most costly disorders are mood disorders which incur both high
direct healthcare costs but even higher indirect costs because
persons are not able to work, and dementia because of very high
direct non-medical costs (Fig. 3).

Mental disorders in a stricter sense are mood disorders, psy-
chotic disorders, anxiety disorders, addictive disorders, mental
retardation, personality disorders, child and adolescent disor-
ders, somatoform disorders and eating disorders. Together the
estimated cost for these mental disorders is €461 billion.
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Table 12  Total costs of disorders of the brain in Europe in 2010 (€PPP million, 2010), 7 new disorders.

Country Child/adolescent Eating Mental Neuromuscular Personality Sleep Somatoform Total

disorders disorders retardation disorders disorders disorders disorder
Austria 425 18 916 155 544 740 438 3234
Belgium 540 20 1026 185 657 854 511 3793
Bulgaria 108 3 199 33 114 136 82 675
Cyprus 34 1 49 10 40 41 27 202
Czech Republic 315 11 648 92 317 422 252 2057
Denmark 322 11 546 100 357 454 275 2064
Estonia 34 1 60 10 35 42 25 208
Finland 270 9 460 82 289 364 219 1694
France 3319 118 6094 975 3280 4727 2756 21,270
Germany 3472 162 8301 1569 5507 7307 4290 30,608
Greece 376 16 859 154 543 714 423 3085
Hungary 274 9 505 87 312 382 232 1800
Iceland 23 1 33 6 22 27 17 129
Ireland 313 9 477 79 286 358 223 1745
Italy 2253 91 4937 871 2977 3994 2329 17,451
Latvia 48 1 85 15 53 61 37 301
Lithuania 85 2 140 21 68 90 53 459
Luxembourg 62 2 93 13 41 56 33 300
Malta 14 1 26 5 17 21 13 96
Netherlands 1004 34 1761 314 1139 1434 875 6561
Norway 456 13 693 104 347 476 282 2372
Poland 1023 33 1854 302 1108 1340 828 6489
Portugal 334 13 707 119 414 561 331 2479
Romania 426 12 690 125 462 510 320 2545
Slovakia 157 5 279 40 143 181 111 915
Slovenia 64 3 145 23 79 105 63 481
Spain 1748 70 3863 631 2224 2953 1760 13,249
Sweden 640 18 966 160 537 740 432 3493
Switzerland 430 17 912 147 515 705 418 3144
United Kingdom 2757 124 5975 1301 4918 5630 3514 24,219
Europe 21,326 827 43,301 7726 27,345 35,425 21,169 157,119
Headache
Eating disorders
Sleep disorders = Direct healthcare costs
Somatoform disorder Direct non-medical costs
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Mood disorders
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Figure 2  Cost per person by type of cost (€EPPP 2010), all disorders.
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Table 13  Number of persons, cost per person and total costs by type of costs, all disorders.
Disorders Number of Cost per patient (€PPP 2010) Total costs (million €PPP 2010)
SUb,J?CtS Direct Direct Indirect Total Direct Direct Indirect Total
(million) healthcare non-medical costs healthcare non-medical costs
costs costs costs costs

Addiction 15.5 1782 873 1572 4227 27,685 13,569 24,430 65,684
Anxiety disorders 69.1 670 2 405 1077 46,267 144 27,969 74,380
Brain tumor 0.2 13,387 0 8203 21,590 3208 0 1966 5174
Child/adolescent disorders 5.9 439 3156 0 3595 2601 18,724 0 21,326
Dementia 6.3 2673 13,911 0 16,584 16,949 88,214 0 105,163
Eating disorders 1.5 400 48 111 559 593 70 164 827
Epilepsy 2.6 2461 625 2136 5221 6503 1653 5644 13,800
Headache 152.8 59 0 226 285 9039 0 34,475 43,514
Mental retardation 4.2 6970 3364 0 10,334 29,204 14,097 0 43,301
Mood disorders 33.3 781 464 2161 3406 26,016 15,437 71,952 113,405
Multiple sclerosis 0.5 9811 8438 8725 26,974 5295 4554 4709 14,559
Neuromuscular disorders 0.3 7133 5641 17,278 30,052 1834 1450 4442 7726
Parkinson's disease 1.2 5626 4417 1109 11,153 7029 5519 1386 13,933
Personality disorders 4.3 773 625 4929 6328 3342 2701 21,301 27,345
Psychotic disorders 5.0 5805 0 12,991 18,796 29,007 0 64,920 93,927
Sleep disorders 44.9 441 0 348 790 19,796 0] 15,630 35,425
Somatoform disorder 20.4 468 0 570 1037 9547 0 11,622 21,169
Stroke 8.2 5141 2035 599 7775 42,352 16,769 4932 64,053
Traumatic brain injury 3.7 2697 893 5219 8809 10,106 3348 19,560 33,013
Europe 296,374 186,250 315,101 797,725

Leaving aside the fact that sleep disorders and dementia are al-
so listed in the ICD-10 under mental disorders, as well as stroke
under cardiovascular conditions, neurological disorders can be
defined as dementia, stroke, headache, sleep disorders, trau-
matic brain injury, multiple sclerosis, epilepsy, Parkinson's dis-
ease, brain tumor and neuromuscular disorders. Together the
estimated cost for neurological disorders is €336 billion. Out of
all disorders of the brain, mental disorders account for 58%
and neurological disorders for 42%. However, the separation of

Eating disorders

Brain tumor
Neuromuscular disorders
Parkinsons disease 1
Epilepsy ||

Multiple sclerosis =
Somatoform disorder
Child/Adolescent disorders
Personality disorders
Traumatic Brain Injury
Sleep disorders

Mental Retardation
Headache

Stroke

Addiction

Anxiety disorders
Psychotic disorders
Dementia

Moaod disorders

brain disorders into those categories is to some extent arbitrary
and several of the categories are managed by both specialties.

3.3.3. Country specific estimates

The total cost for all disorders of the brain in individual coun-
tries ranged between 437 million in Malta and 153 billion in
Germany (Table 14). Dividing these figures by the population
size in each country provides the per capita cost shown in
Fig. 4. The mean cost per capita in Europe was estimated at

¥ Direct healthcare costs
Direct non-medical costs
® Indirect costs

0 20 000

Figure 3
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Total cost by disorder and type of cost (€PPP million, 2010), all disorders.
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Table 14 Total costs by country and type of costs (€PPP
million, 2010), all disorders.

Direct Direct Indirect Total

healthcare non-medical costs

costs costs
Austria 6299 3013 6684 15,996
Belgium 7735 3156 7506 18,396
Bulgaria 1055 896 1229 3181
Cyprus 239 190 469 898
Czech Republic 4240 2638 3312 10,190
Denmark 3769 1856 4188 9813
Estonia 338 278 385 1001
Finland 3132 2207 3278 8617
France 42,796 27,679 36,826 107,301
Germany 64,881 24,539 63,300 152,719
Greece 6501 3229 6260 15,990
Hungary 3153 2044 3485 8682
Iceland 204 109 260 573
Ireland 2888 1421 3301 7611
Italy 33,702 21,179 31,579 86,459
Latvia 524 424 606 1554
Lithuania 835 577 689 2101
Luxembourg 521 375 413 1309
Malta 164 84 189 437
Netherlands 11,107 6279 12,476 29,861
Norway 4285 2253 3684 10,222
Poland 10,506 6727 12,355 29,588
Portugal 5705 2728 4697 13,130
Romania 3330 2776 5157 11,263
Slovakia 1530 971 1488 3988
Slovenia 1026 534 865 2425
Spain 28,008 23,505 26,278 77,791
Sweden 6126 5266 6189 17,580
Switzerland 5724 3241 5607 14,573
United 36,053 36,077 62,346 134,476

Kingdom

Europe 296,374 186,250 315,101 797,725

€1550. The country specific estimates should be interpreted with
caution as they are a result of model estimations from the Europe-
an cost model. The available data are highly limited or absent in
many countries. In absence of local data, the estimates are entire-
ly based on extrapolations from the evidence for other countries,
adjusting for differences in income, wage levels and health care
expenses. Regardless, methodological limitations leading to dis-
crepancies when comparing across countries cannot be avoided.
For example in the UK, the wage level is considerably higher com-
pared to other European countries (about 70% higher compared to
the un-weighted mean in Europe, whereas the health care expen-
diture and GDP are only about 11-12% higher). This may explain
the relatively high proportion of indirect costs in the UK compared
to other countries. In addition, there may still be differences in
care patterns across countries that we did not take into consider-
ation in the model.

3.3.3.1. Distribution of costs. Overall, the majority of the
estimated costs of disorders of the brain were direct costs
(60%) while indirect costs constituted the remaining 40%
(Fig. 5). Indirect costs constitute a higher percentage of total
costs in mental disorders, compared to neurological disorders.

Further, there was a large variation across the disorders (Fig. 6).
Persons with eating disorders had the highest proportion of direct
healthcare costs (72%), whereas they only constituted 12% of the to-
tal in child/adolescent or personality disorders. The direct non-
medical cost constituted the highest proportion in child/adolescent
disorders (88%) and dementia (84%). Indirect costs made up the bulk
of the costs in personality disorders (78%) and headache (79%).

3.3.4. Share of pharmaceutical expenditures due to brain
disorders

According to the ATC (anatomic—therapeutic classification) sys-
tem, drugs are categorized by the target organ and mode of ac-
tion, and statistics on pharmaceutical sales are typically
provided based on this system. Through the ATC codes it is pos-
sible to identify drug classes used to treat disorders of the brain;
however assumptions need to be made in some cases.

As an example, in Sweden the total pharmaceutical expendi-
tures in 2010 was SEK 35.6 billion (in pharmacy sales prices, AUP)
(Pharmacy Sales Prices (AUP) 2010. http://www.apotekensservice.
se/Global/Externa%20webben/statistik/L%c3%a4kemedel%202010/
L%c3%adkemedelsutvecklingen%202008-2010%201.0.pdf). Table 15
lists the expenditures on ATC groups that may be (partially) related
to brain disorders. In a conservative scenario presented in Table 15,
we only include costs for drug classes that are certain to be related
to brain disorders.

For a more realistic scenario (Table 16), we need to make as-
sumptions regarding the use of cytotoxic drugs, anti-infectives
and analgesics due to brain disorders.

In Sweden in 2009, 2% of all incident cases of cancers were
tumors of the central nervous system. Although the use and cost
of chemotherapy will vary between tumor types, we assume 2%
of the costs of chemotherapy may be attributed to cancers of
the central nervous system.

The share of costs for anti-infective drugs used to treat infec-
tions of the central nervous system is difficult to estimate. In
2009, there were 101,583 hospital admissions in Sweden where
the primary diagnosis was an infection at any site. Out of these,
1985 (2%) were identified as CNS infections. Though antibiotic
use is not directly related with hospital admissions, we assume that
2% of the costs for anti-infectives are used to treat CNS infections.

The use of analgesics due to primary brain disorders is even
harder to estimate — we assume up to 10% of this cost may be
associated with brain disorders.

In conclusion, we estimate that about 16% of total pharma-
ceutical expenditures are due to brain disorders (SEK 5.5—
5.8 billion in 2010). At the European level, this would corre-
spond to about €30 billion, as total pharmaceutical expendi-
tures are in excess of €180 billion (OECD, Health at a glance:
Europe 2010) (OECD statistics 2011. http://www.oecd-ilibrary.
org/social-issues-migration-health/health-at-a-glance-europe-
2010/pharmaceutical-expenditure_9789264090316-45-en).

There are a number of limitations to this analysis. We have
completely excluded cardiovascular drugs (ATC class C, total cost
SEK 3.1 billion). These drugs are in part used to treat cerebrovas-
cular disorders; however the proportion is difficult to estimate.

3.4. Validation of results

3.4.1. Total healthcare expenditure

The total healthcare expenditure in Europe in 2008 was
€1222 billion (OECD statistics 2011http://stats.oecd.org/index.
aspx?DataSetCode=HEALTH_STAT), which by an inflation rate


http://www.apotekensservice.se/Global/Externa%20webben/statistik/L%c3%a4kemedel%202010/L%c3%a4kemedelsutvecklingen%202008-2010%201.0.pdf
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http://www.oecd-ilibrary.org/social-issues-migration-health/health-at-a-glance-europe-2010/pharmaceutical-expenditure_9789264090316-45-en
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Figure 4 Cost per capita of all brain disorders (€PPP 2010).

of 3.1% should have increased to €1260 billion in 2010. Our esti-
mate of the total direct healthcare cost of disorders of the brain
in 2010 constitutes 24% of this healthcare expenditure. The pre-
vious EBC study estimated that the total cost of the disorders of
the brain constituted 15% of the healthcare expenditure at that
time (Andlin-Sobocki et al., 2005).

A review of the literature on the direct healthcare cost of ep-
ilepsy suggested that they constitute between 0.12 and 1.12% of
the total healthcare expenditure (Kotsopoulos et al., 2001). In
Europe this would imply a range between 1.5 and 14 billion
[hlth_sha1h] (Eurostat 2011. http://appsso.eurostat.ec.europa.

A) Total disorders of the brain

Indirect
costs
40%

Figure 5

eu/nui/show.do?dataset=hlth_shath&lang=en). Our estimate of
€6.5 billion places itself neatly in the middle of this range. Similar-
ly, Evers et al. (2004) suggested in their review on the direct
healthcare cost of stroke that they constitute 3% of the total
healthcare expenditure, equal to €38 billion for Europe which is
comparable to our estimate of €42 billion.

3.4.2. Comparison to other European reviews

Wimo et al. (2010) published another ambitious review on the
overall cost of dementia in Europe. They estimated the total
cost of dementia in EU27 at €160 billion in 2008. This is about
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Distribution of costs.


http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_sha1h&lang=en
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_sha1h&lang=en
image of Figure�4
image of Figure�5

Cost of disorders of the brain in Europe 2010

739

u Direct healthcare costs

Child/Adolescent disorders
Personality disorders
Dementia

Headache

Mood disorders
Neuromuscular disorders
Traumatic Brain Injury
Psychotic disorders
Multiple sclerosis
Addiction

Somatoform disorder
Epilepsy

Parkinsons disease
Sleep disorders

Brain tumor

Anxiety disorders

Stroke

Mental Retardation

= Direct non-medical costs ® Indirect costs

0% 10% 20% 30%

Figure 6

60% higher than our estimate which is explained by both higher
prevalence and cost estimates in their analysis. They estimated
the number of persons with dementia in EU27 at 7.2 million
compared to 6.3 million in our study. Their estimate was based
on similar data to ours but instead of considering country specif-
ic estimates they calculated mean estimates by age and gender
for Europe as a whole. They also estimated that the cost per
person is €22,194 compared to €16,584 in our study. The higher
estimate is largely due to higher informal care costs constituting
55% of their total cost compared to 8 to 64% in our review
depending on country. Informal care costs are known to be higher
in Southern Europe compared to Northern or Western Europe
(Gustavsson et al., 2010), and this was accurately reflected in
Wimo et al. However, because comparatively little data are avail-
able for Southern Europe, the median approach employed in
this study resulted in comparatively lower estimates. This is a

40% 50% 60% 70% 80% 90% 100%

Distribution of cost by disorder, the proportions of three types of costs as a share of the total stratified by disorder.

limitation of the chosen approach but necessary to keep a consis-
tent methodology across all disorders of this study.

When comparing the results of our study with a prospective,
naturalistic observational study conducted in 12 European coun-
tries (ICTUS study), aiming to estimate and compare the costs of
formal and informal care of patients with Alzheimer's disease
(Gustavsson et al., 2010), the cost per person estimated from
our study is higher (€16,584 compared with €8000). This can
be explained by the ICTUS study including a milder patient pop-
ulation; when looking at the more severe subgroup in the ICTUS
study, the average cost per person was estimated at around
13,000-20,000 EUR depending on region, which is comparable
with the cost per person estimated by our study.

Kobelt G. and F. Kasteng conducted a similar review in 2009
on the cost of multiple sclerosis in Europe (Kobelt and Kasteng,
2009. http://www.comparatorreports.se/Access%20to%20MS%

Table 15 Pharmaceutical expenditures due to brain disorders, conservative scenario.
ATC group Drug class Total expenditures Estimated % due Cost due to brain disorders
in 2010 (million SEK) to brain disorders (million SEK)

J Anti-infective drugs 2650 0% 0

LO1 Cytotoxic drugs 2143 0% 0
LO3AB0O7 Interferon beta-1a 320 100% 320
LO3AB08 Interferon beta-1b 95 100% 95
LO3AX13 Glatiramer acetate 116 100% 116

NO2A Opioids 707 0% 0

NO2B Antipyretics 878 0% 0

NO2C Drugs for migraine 246 100% 246

NO3 Antiepileptics 851 100% 851

NO4 Drugs for Parkinsons disease 393 100% 393

NO5 Neuroleptics 1398 100% 1398

NO6 Psychoanaleptics 1448 100% 1448

NO7B Drugs for dependency 675 100% 675

All groups 35,593 15.6% 5542
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Table 16  Pharmaceutical expenditures due to brain disorders, realistic scenario.
ATC group Drug class Total expenditures Estimated % due to Cost due to brain
in 2010 (million SEK) brain disorders disorders (million SEK)

J Anti-infective drugs 2650 2% 53

LO1 Cytotoxic drugs 2143 2% 43

LO3AB07 Interferon beta-1a 320 100% 320

LO3AB08 Interferon beta-1b 95 100% 95

LO3AX13 Glatiramer acetate 116 100% 116

NO2A Opioids 707 10% 71

NO2B Antipyretics 878 10% 88

NO2C Drugs for migraine 246 100% 246

NO3 Antiepileptics 851 100% 851

NO4 Drugs for Parkinsons disease 393 100% 393

NO5 Neuroleptics 1398 100% 1398

NO6 Psychoanaleptics 1448 100% 1448

NO7B Drugs for dependency 675 100% 675

All groups 35,593 16.3% 5797

20treatments%20-%200ctober%202009.pdf). They estimated the
total cost in Europe (EU27+3) at €14.9 billion which is just
slightly higher than our estimate of €14.6 billion. Their estimate
was based on 470,000 persons above the age of 19 years result-
ing in an average cost of about €31,000 per person. This may be
compared with our estimates; 440,000 persons from 18 years
and above each with a mean cost of about €33,000. As in the
comparison of the estimates for dementia, there were method-
ological differences between the 2009 review and ours but the
results were in this case similar.

3.4.3. Comparison to US evidence

A search was conducted in PubMed identifying published reviews
on cost of illness studies conducted in the United States. The
reported estimates were converted into PPP-adjusted Euro in
2010 values and presented per capita (Table 17). The US esti-
mates were compared side by side to our results per capita for
Germany, which was selected as a comparable country to the
us.

The majority of the US estimates are higher than our esti-
mates for Germany, and there are a number of explanations
for this depending on the disorder. The US cost studies show
comparable costs per person with ADHD to the Dutch study that
our estimates were based on. However, we assumed that only
25% of persons with ADHD get treatment and therefore incur
these costs while no such adjustment was done in the US.

Therefore, our estimate for Germany is lower than the pre-
sented range for the US. For bipolar disorder, the indirect costs
are similar in the US and Germany, but the direct costs seem
higher in the US. The higher estimate for opioid dependence is
explained by higher indirect costs in the US, which is in part
explained by inclusion of indirect costs of premature mortality.
The available estimate for schizophrenia in the US was compara-
ble to our estimate of all psychotic disorders. The cost per per-
son was therefore about twice as high as the German estimate.
This was partly explained by the inclusion of costs of criminality,
research, premature mortality, and presenteeism in the US esti-
mate, together constituting about 10% of the total cost, but the
largest difference was seen in much higher direct healthcare
costs in the US.

The available US estimates for anxiety disorders and sleep
disorders were similar to the German results, although no esti-
mates of the indirect costs were found for sleep disorders. The
costs of migraine and mood disorders were lower in the US com-
pared to Germany. The methods used for the US estimate for
migraine was not available from the referenced publication and
we can therefore not explain the discrepancy from our study.
The two US studies on mood disorders are from the early nineties
and they suggest that their estimates represent a lower limit of
the true costs at the time.

The proportions of direct and indirect costs to total costs are
similar in the US and Europe. In both Germany and the US, a

Table 17 Comparison of results for Germany with estimates of costs from US reviews (€PPP per capita, 2010).

US estimates Reference German estimates

Direct costs Indirect costs Total cost Direct costs Indirect costs Total cost
ADHD 7-47 0 7-47 Pelham et al.(2007) 5 0 5
Anxiety disorders 149 22 171-189  Lépine(2002) 115 71 186
Bipolar disorder 30-43 37-148 80-177 Kleinman et al.(2003) 8 45 54
Migraine 40-52 Goldberg(2005) 10 61 72
Mood disorders 50-78 45-127 123-177  Kleinman et al.(2003) 124 178 302
Opioid dependence 8 14 22 Strassels(2009) 8 0.2 8.3
Schizophrenia 92 99 191 McEvoy(2007) 64 128 192
Sleep disorders 64 Hossain and Shapiro(2002) 50 127 176
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larger proportion of direct costs are seen in anxiety disorders
whereas indirect costs constitute the majority of costs in mood
disorders.

Overall, the comparison to US estimates show that health
care costs are higher in the US than in Europe. If anything, this
indicates that the results of our study should rather represent
an underestimation of the true cost than an overestimation.
The comparison also supports the notion that health care costs
are generally higher in the US compared to Europe.

3.4.4. Comparison with European estimates of other
major groups of disorders

The cost of disorders of the brain is higher than all other compara-
ble disease areas. The European Heart Network reported that the
cost of cardiovascular disease was €192 billion in the EU in 2008
(European Heart Network 2008. http://www.ehnheart.org/
publications/annual-reports.html). The direct health care cost
of cancer was estimated at €54 billion in 2005, while the indirect
cost was suggested to be twice as high (Wilking and Jonsson,
2005). Another study suggested 6.3% of the total health care
expenditure in Europe to be attributable to cancer on aver-
age (Wilking N et al. 2009. http://www.comparatorreports.
se/Cancer%20report%20EFPIA%20Final%20summary%20slides%
20Jan%2027.pdf), which would result in medical costs of
€79 billion in 2010. The total cost of cancer in Europe may
therefore lie in the range of €150-250 billion. The direct
health care cost of type Il diabetes ranges between 1.6 and
6.6% in Europe (Jonsson, 2002), which equals €20 to €83 billion
in 2010. The European cost of rheumatoid arthritis was
estimated at €25 billion in 2008 (Kobelt G et al., 2009. http://
www.comparatorreports.se/RA%20Barrier%20Report_FINAL_
050110.pdf), and the cost of chronic obstructive pulmonary dis-
ease at €39 billion in 2006 (Halpin, 2006).

4. Disorder specific sections
4.1. Addictive disorders

Substance-use disorders in general refer to hundreds of spe-
cific diagnostic classes stratified by the type of substance
(ranging from opiates to caffeine to alcohol and nicotine)
as well as the specific clinical diagnostic condition (ranging
from intoxication, over delirium and withdrawl syndrome
to abuse and dependence). For our survey only few classes
of substances could be considered, namely alcohol, opioid
drugs and cannabis as well as only two types of diagnoses,

namely abuse and dependence. The epidemiologic and
cost-of-illness studies focusing on the problem of substance
abuse and dependence that have been conducted in Europe
have been using different definitions to describe the prob-
lem of substance abuse or dependence in the population,
which renders the comparison of their results difficult.
Therefore, for the purpose of this study, the consumption
of substances that is linked with harmful use and depen-
dence was considered a relevant definition for the estima-
tion of the burden of the disorder in Europe.

4.1.1. Epidemiologic data review

For alcohol dependence, prevalence estimates for three dif-
ferent regions in Europe (eastern, central and western) were
calculated based on data available in the literature (de
et al., 2006, 2011; Florescu et al., 2009; Hansen et al., 2011;
Latvala et al., 2009; Rehm et al., 2005; The Health and
Social Care Information Centre 2009. http://www.ic.nhs.
uk/webfiles / publications/alcoholeng2009 / Final%20Format%
20draft%202009%20v7.pdf; Uhl et al., 2009). For countries
with no surveys, we based our estimates on the WHO calcula-
tions (WHO Europe 2010. http://www.euro.who.int/__data/
assets/pdf_file/0004/128065/e94533.pdf). Country specific
mean prevalence estimates for all ages above 15 years were
calculated based on the population size of each age group in
each country. The weighted mean for Europe was 3.4% but
country specific estimates were used in the European cost
model (ranging between 3.2 and 4.1).

In opioid and cannabis dependence, information was used
from ongoing data collection done by the European Monitor-
ing Centre for Drugs and Drug Addiction (EMCDDA). EU mem-
ber states annually report to the EMCDDA epidemiological
data from national surveys in the adult population, based
on a “model questionnaire”. For this analysis the data from
most recent national surveys were used (European Monitor-
ing Centre for Drugs and Drug Addiction (EMCDDA) 2010.
http://www.emcdda.europa.eu/stats10).

Age dependent prevalence rates for cannabis and opioid
dependence were considered as displayed in Table 18 because
of the differences in prevalence by age group.

4.1.2. Cost data review

The search in the literature performed identified four new
studies for alcohol (Balakrishnan et al., 2009; Jarl et al.,
2008; Konnopka and Konig, 2007; Saar, 2009) in addition to
the eight studies identified in the previous EBC study
(Andlin-Sobocki and Rehm, 2005). The new studies that were

Table 18 Prevalence of cannabis and opioid dependence, by age groups.
Age range considered for Age range considered for Age range considered for Prevalence
total number of persons persons with direct costs persons with indirect costs
Cannabis dependence 14-17 n/a n/a 1.8%
Cannabis dependence 18-65 n/a n/a 0.3%
Opioid dependence 15-34 15-34 18-34 0.4%
Opioid dependence 35-44 35-44 35-44 0.3%
Opioid dependence 45-54 45-54 45-54 0.2%
Opioid dependence 55-65 55-65 55-65 0.1%

n/a = not applicable; no information regarding the cost per subject for cannabis dependence was identified through the literature review
and it was not possible to calculate the direct and indirect costs for cannabis dependence.


http://www.ehnheart.org/publications/annual-reports.html
http://www.ehnheart.org/publications/annual-reports.html
http://www.comparatorreports.se/Cancer%20report%20EFPIA%20Final%20summary%20slides%20Jan%2027.pdf
http://www.comparatorreports.se/Cancer%20report%20EFPIA%20Final%20summary%20slides%20Jan%2027.pdf
http://www.comparatorreports.se/Cancer%20report%20EFPIA%20Final%20summary%20slides%20Jan%2027.pdf
http://www.comparatorreports.se/RA%20Barrier%20Report_FINAL_050110.pdf
http://www.comparatorreports.se/RA%20Barrier%20Report_FINAL_050110.pdf
http://www.comparatorreports.se/RA%20Barrier%20Report_FINAL_050110.pdf
http://www.ic.nhs.uk/webfiles/publications/alcoholeng2009/Final%20Format%20draft%202009%20v7.pdf
http://www.ic.nhs.uk/webfiles/publications/alcoholeng2009/Final%20Format%20draft%202009%20v7.pdf
http://www.ic.nhs.uk/webfiles/publications/alcoholeng2009/Final%20Format%20draft%202009%20v7.pdf
http://www.ic.nhs.uk/webfiles/publications/alcoholeng2009/Final%20Format%20draft%202009%20v7.pdf
http://www.ic.nhs.uk/webfiles/publications/alcoholeng2009/Final%20Format%20draft%202009%20v7.pdf
http://www.ic.nhs.uk/webfiles/publications/alcoholeng2009/Final%20Format%20draft%202009%20v7.pdf
http://www.ic.nhs.uk/webfiles/publications/alcoholeng2009/Final%20Format%20draft%202009%20v7.pdf
http://www.euro.who.int/__data/assets/pdf_file/0004/128065/e94533.pdf
http://www.euro.who.int/__data/assets/pdf_file/0004/128065/e94533.pdf
http://www.emcdda.europa.eu/stats10
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identified used a similar methodology to estimate the eco-
nomic burden of high alcohol consumption/abuse. Using alco-
hol-attributable fractions the cost per patient per year was
calculated based on the total cost reported in the papers, di-
vided with the number of patients with the disorder (calculat-
ed based on the prevalence estimates and the reference
population). In order to avoid aggregating results from studies
that used different methodologies and definitions of the disor-
der, only the cost estimates from the four new studies that
used a similar methodology were included in the calculation
of the burden of alcohol dependence in Europe (Table 19).

Only one new cost-of-illness study (Godfrey et al., 2004)
measuring the economic burden of dependence to opioids in
the UK was found through the literature search. Out of the
four other studies that were identified in the previous EBC
study (Coyle et al., 1997; Fenoglio et al., 2003; Garcia-Altes
et al., 2002; Healey et al., 1998) only two were considered rel-
evant for inclusion since they reported results for France and
Spain (Fenoglio et al., 2003; Garcia-Altes et al., 2002) The
other two studies were conducted in the UK, thus the latest
study by Godfrey et al.(2004) that also reported the cost per pa-
tient for the UK was chosen as the most relevant to be used. The
studies for France and Spain used a top—down methodology and
estimated the economic burden of opioid addiction; therefore
the cost per patient was calculated by dividing the total cost
reported in the papers with the number of patients with opioid
addiction in Europe (based on the prevalence estimates).

No European studies on cannabis abuse/dependence were
identified in the review. In the EBC2005 study, cannabis depen-
dence was grouped together with opioids (the subgroup was re-
ferring to dependence to illicit drugs); however, the study by
Healey et al. (1998) that measured the economic burden of illic-
it drugs in the UK did not include in the study population individ-
uals with cannabis dependence/abuse. Therefore, specific cost
estimates for cannabis abuse/dependence were not taken into
account when calculating the burden of substance use disorders
in Europe in 2010.

4.1.3. Discussion

The latest epidemiologic evidence for alcohol dependence,
shows an increase in the number of patients with the condi-
tion, whereas the prevalence for opioid and cannabis depen-
dence remains unchanged.

The estimates of cost per person are lower in this review
than the ones presented in the EBC2005 study (Andlin-Sobocki
et al., 2005). In alcohol dependence, this is partly explained
by lower estimates in countries where there was previously
no data (Sweden and Estonia) although one might dispute
whether this is simply a methodological artifact. Another ex-
planation that is evident from our methodological approach
is that as we divided the total cost estimates that were
reported in the available studies by the number of persons to
get the cost per person, since the number of persons has in-
creased while there is no evidence of a proportional increase
in total costs, the cost per person consequently gets lower.
In opioid dependence the decrease is explained by new data
from France and Spain which shows lower costs per person.

It should be also highlighted that our estimates for addic-
tion are conservative due to limiting the cost modeling to
dependence to substances (Wittchen et al., 2008).

4.2. Anxiety disorders

The EBC2005 study considered 6 anxiety disorders, namely
agoraphobia, generalized anxiety disorder (GAD), obsessive
compulsive disorder (OCD), panic disorder, social phobia
and specific phobias (Andlin-Sobocki et al., 2005). In this re-
view we were able to also consider the evidence of the bur-
den and costs of post-traumatic stress disorder (PTSD)
(Wittchen et al., 2009b).

4.2.1. Epidemiologic data review

In 2005, country specific estimates were considered for all
anxiety disorders where available (Andlin-Sobocki and
Wittchen, 2005b). In this revision, we assume that differ-
ences across studies from various European countries are pri-
marily explained by methodological factors such as design
issues whereas the true differences across countries are
small. Therefore, we have considered the median European
best estimates of the prevalence rates for all countries.
This resulted in small changes in the prevalence estimates
of individual diagnoses. Further, the best estimate for agora-
phobia was set to 2% compared to 1.3% in the EBC2005 study.
Age dependent prevalence rates were considered for GAD
and PTSD (Table 20).

Table 19  Cost-of-illness studies containing relevant cost information.

Direct health  Direct non-medical Indirect  Total Currency Year Reference

care costs costs costs costs
Alcohol
Estonia 121 n.a. 453 574  Euro 2006  Saar (2009)
Germany 3138 612 1660 5409  Euro 2002  Konnopka and Konig (2007)
Sweden 8998 17,939 27,808 54,745  SEK 2002  Jarl et al. (2008)
United Kingdom 1763 n.a. n.a. 1763  GBP 2006  Balakrishnan et al. (2009)
Opioids
France 13,749 n.a. n.a. 13,749 FF 1997  Fenoglio et al. (2003)
Spain 2915 132 84 3131 USD 1997  Garcia-Altes et al. (2002)
United Kingdom 3330 n.a. n.a. 3330 GBP 2000 Godfrey et al. (2004)

n.a. = information not available.
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Table 20 Prevalence of anxiety disorders, by age groups.
Age range considered for Age range considered for Age range considered for Prevalence
total number of persons persons with direct costs persons with indirect costs
Agoraphobia 14+ 14-75 18-65 2.0%
GAD 14—65 14-65 18-65 1.7%
GAD 66—109 66—75 n/a 3.4%
0ocCD 18-109 18-75 18-65 0.7%
Panic disorder 14+ 14-75 18-65 1.8%
PTSD 14-34 14-34 18-34 2.9%
PTSD 35-65 35-65 35-65 1.3%
PTSD 66—109 66—75 n/a 1.1%
Social phobia 14+ 14-65 18-65 2.3%

n/a = Not applicable; no indirect costs were calculated for the indicated age range.

A wider age range was considered for all anxiety disorders
(Beesdo et al., 2010) in comparison to the EBC2005 study in
which only adults between 18 and 65 were included
(Andlin-Sobocki et al., 2005). However, our cost estimates
were not assumed to be applicable to the full age range for
many diagnoses as indicated in Table 20.

4.2.2. Cost data review

Six new relevant cost studies were identified in the litera-
ture review (Acarturk et al., 2009; Batelaan et al., 2007;
Patel et al., 2002; Priebe et al., 2009, 2010; Smit et al.,
2006), adding to the three studies considered in the
EBC2005 study (Salvador-Carulla et al., 1995; Souetre et
al., 1994; Zambori et al., 2002). At that time, data from a
community based survey in Germany [GHS—MHS, (Jacobi et
al., 2002)] was selected for estimation of the cost of anxiety
disorders. These data was considered more reliable than
those presented in any of the three published studies.

Five of the newly identified studies report costs on indi-
vidual diagnoses: two on social phobia (Acarturk et al.,
2009; Patel et al., 2002), two on PTSD (Priebe et al.,
2009, 2010), and one on panic disorder (Batelaan et al.,

2007). The sixth study (Smit et al., 2006) reports costs for
all anxiety disorders considered in this study except OCD
and PTSD.

Three studies (Acarturk et al., 2009; Batelaan et al.,
2007; Smit et al., 2006) were based on a Dutch population-
based cohort (NEMESIS) including a questionnaire adminis-
tered to patients to assess their resource utilization. They
all present relatively high costs which may at least in part
be explained by a broader inclusion of cost items, but they
do not provide sufficient information to make their esti-
mates fully comparable to e.g. the GHS—-MHS data (Jacobi
et al., 2002). The three studies use varying methodology to
estimate the cost caused by each respective disorder.
Patel et al. (2002) reports costs for social phobia in the
UK, based on data from 63 patients, who were identified
through a community survey. The two articles by Priebe
et al. (2009, 2010) present bottom-up estimates of the
cost of Yugoslavian war refugees, diagnosed with PTSD and
currently residing in the UK, Germany or Croatia. Priebe
et al.(2010) reported costs for Croatia and other former
Yugoslav republics, and these data were therefore selected
for Slovenia.

Table 21  Cost per person with anxiety disorder (costs are presented in 2004 Euros).
Country Direct healthcare Direct non-medical Indirect Total Reference
costs costs costs

Agoraphobia Germany 452 n.a. 1265 1717  GHS—MHS (Jacobi et al., 2002),
excess costs

GAD Germany 1414 n.a. 449 1864 GHS—MHS (Jacobi et al., 2002),
excess costs

0oCD Germany 748 n.a. 355 1103  GHS—MHS (Jacobi et al., 2002),
excess costs

Panic disorder ~ Germany 1132 n.a. 1100 2232  GHS—MHS (Jacobi et al., 2002),
excess costs

PTSD Germany 1499 1 n.a. 1500 Priebe et al. (2009)

PTSD Slovenia 2384 10 n.a. 2394  Priebe et al. (2010)

PTSD United Kingdom 1165 72 n.a. 1237  Priebe et al. (2009)

Social phobia Germany 1094 n.a. 792 1887 GHS—MHS (Jacobi et al., 2002),
excess costs

Specific phobia Germany 579 n.a. 509 1087  GHS—MHS (Jacobi et al., 2002),

excess costs

n.a. = information not available.
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In exempt from the new data on PTSD, the GHS—MHS
study (Jacobi et al., 2002) was preferred to all other identi-
fied studies on anxiety disorders. The main rationale was
that there is considerable overlap between individual anxi-
ety disorders (Wittchen et al., 2009a), and the German
data allowed for calculation of the excess cost of each indi-
vidual diagnosis. This was done by calculating the difference
in resource use between patients with and without each in-
dividual anxiety disorder in the community-based cohort
(Table 21).

The PTSD study indicated a 10% overlap with other anxi-
ety disorders. The estimates for PTSD were therefore
deducted by 10% in the European cost model to adjust for
this overlap.

4.2.3. Discussion

The same cost data was selected as in the EBC2005 study
(Andlin-Sobocki et al., 2005). However, recalculations of ex-
cess costs were performed to avoid double counting due to

overlapping anxiety disorders, which resulted in somewhat
higher estimates in most groups.

4.3. Brain tumors

Primary brain tumors represent 2% of all cancers (Ferlay
et al., 2010) and are a diverse group of tumors with marked
differences in etiology, treatment and prognosis (Bondy
et al., 2008; DeAngelis, 2001; Wrensch et al., 2002). In chil-
dren, central nervous system (CNS) tumors represent 15-25%
of all tumors (Packer et al., 2008; Stiller and Bunch, 1992).
While the treatment of meningioma has not consistently
changed in recent years, the state of the art therapy in high
grade glioma is currently surgery followed by radiotherapy
with concomitant and adjuvant temozolomide (Stupp et al.,
2005). These treatment changes have led to an increase of
quality of life and average life expectancy accompanied by
higher costs (Louis et al., 2007).

Table 22 Incidence, mortality and prevalence of brain tumors in Europe (ASR European standard).
Country Incidence (C70-72) Mortality (C70-72) Prevalence

Source: Source: (5-year; C70-72,

(Ferlay et al., 2010) (Ferlay et al., 2010) D32-33; estimated ?)

Men Women Men Women Men Women
Austria 8.6 6.5 5.4 3.8 40.9 62.3
Belgium 8.2 5.2 5.6 4.0 39.0 49.8
Bulgaria 9.7 7.6 6.9 4.4 46.2 72.8
Cyprus 4.3 2.9 4.0 2.1 20.5 27.8
Czech Republic 8.4 5.7 6.2 5.0 40.0 54.6
Denmark 8.0 6.2 7.8 4.9 38.1 59.4
Estonia 6.9 4.8 8.3 5.2 32.8 46.0
Finland 8.0 6.0 4.9 4.1 38.1 57.5
France 7.1 5.3 4.9 3.1 33.8 50.8
Germany 7.7 5.4 6.0 4.2 36.7 51.7
Greece 11.4 7.6 8.6 5.8 54.3 72.8
Hungary 6.6 4.6 6.7 4.6 31.4 441
Iceland 5.3 6.8 7.9 5.6 25.2 65.1
Ireland 10.7 7.3 7.3 4.8 50.9 69.9
Italy 7.1 4.8 4.5 3.1 33.8 46.0
Latvia 12.0 7.0 7.6 6.3 57.1 67.0
Lithuania 8.2 6.5 7.3 6.4 39.0 62.3
Luxembourg 10.6 2.6 8.5 1.8 50.5 24.9
Malta 7.0 3.9 2.7 1.8 33.3 37.4
Netherlands 6.8 4.7 5.8 3.9 32.4 45.0
Norway 8.3 5.8 6.8 4.3 39.5 55.6
Poland 11.2 8.3 8.4 6.7 53.3 79.5
Portugal 9.1 6.5 6.9 4.5 43.3 62.3
Romania 10.5 7.7 7.7 5.6 50.0 73.8
Slovakia 8.0 6.5 7.9 5.5 38.1 62.3
Slovenia 8.1 6.2 6.9 4.5 38.6 59.4
Spain 8.1 5.4 6.2 3.9 38.6 51.7
Sweden 6.8 4.7 5.8 4.0 32.4 45.0
Switzerland 8.3 5.2 6.1 3.9 39.5 49.8
United Kingdom 8.0 4.8 6.3 3.9 38.1 46.0
Europe all 8.9 6.3 6.0 4.1 42.4 60.3

@ The 5-year prevalence was estimated from on the relationship between the prevalence and incidence of CNS tumors in the Nordic
countries. The incidence in Ferlay et al.(2010) concerned malignant tumors (C70—72). The incidence was adjusted to represent all brain
tumors (both benign and malignant) by using the data from the Nordic cancer registry (NORDCAN) (Engholm et al., 2010).
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4.3.1. Epidemiologic data review

The review included the ICD10 diagnoses C70, C71, C72 (ma-
lignant brain tumors), D32, D33 (benign brain tumors), and
D42, D43 (brain tumors of unknown origin). The search
terms included epidemiology (incidence, prevalence, mor-
tality, survival), study design (registry, population-based,
review), and disease specific terms (brain/intracranial/
cerebral tumor/cancer/neoplasm and specific tumor types).
The most complete reference from a European perspective
was the article by Ferlay et al., which used data from cancer
registries and statistical models to estimate incidence and
mortality data for 25 cancers in 40 European countries in
2008 (Ferlay et al., 2010). Prevalence figures were estimated
from the NORDCAN database by looking at the ratio between
the 5-year prevalence and the incidence in the Nordic data,
which was 2.86 for men and 3.54 for women (Engholm et al.,
2010). As the costs for cancer cases are often incurred over
several years, we looked at the 5-year prevalence rather
than the 1-year prevalence. Before the prevalence figures
were calculated, the incidence figures from Ferlay et al.
(2010) were adjusted to take benign tumors into account
(ICD-10 codes D32-33). The incidence ratios between all cen-
tral nervous system tumors (CNS) and the malignant tumors in
the Nordic data were 1.66 for men and 2.71 for women. The
difference between men and women reflects the different in-
cidence, prevalence, and mortality ratios for malignant and
benign tumors, with malignant glioma occurring slightly
more frequently in men and benign meningioma more fre-
quently in women (Louis et al., 2007) (Table 22).

4.3.2. Cost data review

Asearch for relevant cost literature was carried out using elec-
tronic database PubMed (MEDLINE). The search strings were
combinations of disease-specific search terms (brain tumor,
glioma, meningioma, astrocytoma, schwannoma etc.) and
search terms related to cost studies (costs, resources). The
most complete study was by Blomqyvist et al., as it included
all relevant diagnoses and both direct and indirect costs
(Blomgqyvist et al., 2000). Due to treatment changes in recent
years, primarily the introduction of the temozolomide regi-
men in malignant glioma, the costs in Blomgyvist et al.(2000)

do not accurately represent the current standard therapy for
high grade glioma. The study by Wasserfallen et al. (2005) con-
sidered the temozolomide regimen for patients with malig-
nant glioma. The study by Latif et al. (1998) was excluded
because it was published before the introduction of the temo-
zolomide regimen in malignant glioma and does not represent
the current treatment cost. The study on the cost of intracra-
nial pathology by Wellis et al.(2003) was excluded because
some of the diagnoses were outside of the scope of the EBC re-
view. Separate costs for the different subgroups were not
reported. Seventy-three percent of the indirect costs in
Blomqyvist et al. (2000) were associated with premature mor-
tality and were excluded from Table 23.

4.3.3. Discussion

The Ferlay publication included the ICD-10 diagnoses C70-72
(malignant CNS tumors) (Ferlay et al., 2010). The NORDCAN
data were used in order to extend the estimate to include be-
nign CNS tumors (D32, D33) (Engholm et al., 2010). Compared
with the data in Europe in 1995 (Bray et al., 2002) used in the
EBC2005 study (Andlin-Sobocki et al., 2005), the average inci-
dence of primary brain tumors has increased by about 5%.
However, this might be an effect of better diagnostic imaging
methods and more comprehensive reporting rather than a true
increase in the incidence of brain tumors in the population.
Both direct and indirect costs have increased and will increase
even more in the next few years by the introduction of new
chemotherapy options as standard methods in the treatment
of malignant brain tumors. Costs for premature mortality
(73% of the indirect costs in Blomqvist et al.) were included
in the EBC2005 study, but not in this update.

4.4. Dementia

Recent developments in dementia research have included re-
vised diagnostic criteria, the use of biomarkers in diagnosis, dis-
ease course prediction and treatment evaluation; and the
search for new potent drug treatments. All these efforts may
eventually lead to inventions that can change the state of the
art in dementia care and consequently also the burden of de-
mentia. However, although there have been new studies, the

Table 23  Annual cost per patient with brain tumor (costs are presented in 2009 Euros).
Subgroup/country Direct health Direct non-medical Indirect Total Year Reference
care costs costs costs costs

Low-grade gliomas (15%)

Sweden 14,992 n.a. 9938 24,930 1996 Blomqvist et al. (2000)
High-grade gliomas (35%)

Sweden a n.a. 9938 a 1996 Blomgyvist et al. (2000)

Switzerland 28,848 n.a. n.a. 28,848 2001 Wasserfallen et al. (2005)
Meningiomas (27%)

Sweden 14,130 n.a. 9938 24,068 1996 (Blomgvist et al., 2000)
Others (23%)

Sweden 13,022 n.a. 9938 22,960 1996 (Blomgqyvist et al., 2000)

Note: The percentages of patients in different subdiagnoses were taken from Blomgqvist et al.(2000), Pouratian and Schiff(2010), and

Wrensch et al.(2002).
n.a. = information not available.

@ Estimate available, but not used because it is outdated due to changes in therapy.
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patterns of dementia care in Europe today are similar to those
5 years ago. Therefore, dramatic changes in the number of pa-
tients or the cost of dementia in recent years are not expected.

4.4.1. Epidemiologic data review

Population based studies, with a cross sectional design,
reporting the prevalence of dementia were identified by a
structured search in PubMed (MEDLINE). Seventeen relevant
studies were identified reporting prevalence estimates by
age, gender and severity, although incomplete for many stud-
ies (Abela et al., 2007; Andersen et al., 1997; Bdzan et al.,
2007; Borjesson-Hanson et al., 2004; Brayne, 2006; De Ronchi
et al., 2005; Gascon-Bayarri et al., 2007; Gostynski et al.,
2002; Helmer et al., 2006; Kurz et al., 2001; Ott et al., 1995;
Rahkonen et al., 2003; Riedel-Heller et al., 2001; Tognoni et
al., 2005; Tsolaki et al., 1999). In 2005, only persons above
65 years of age were considered (Jonsson and Berr, 2005),
while in this revision we included everyone from 60 years of
age. The overall prevalence in each country was calculated
by multiplying the prevalence estimates in Table 24 by the
population size of each of these age groups in each country,
and dividing the sum of these products by the total population
above 60 years of age. The European mean (weighted by the
sample population size of each study) was used for countries
where no data were available. The prevalence estimates
reported for those between 85 and 90 years of age were as-
sumed for everyone above 85 years because of limitations in
the available data on population sizes in the elderly.

4.4.2. Cost data review

The cost data literature review resulted in 13 relevant cost
studies (Boada et al., 1999; Coduras et al., 2009; Gustavsson
et al., 2011; Jonsson et al., 1999, 2006; Kronborg et al.,
1999; Lopez-Bastida et al., 2006; Mesterton et al., 2010;
O'Shea and O'Reilly, 2000; Rigaud et al., 2003; Schulenberg

et al., 1998; Scuvee-Moreau et al., 2002; Wolstenholme et
al., 2002) in addition to the 6 studies identified and selected
for the EBC2005 study (Jonsson and Berr, 2005). Most were
bottom-up studies with a one-off interview with caregivers
of patients with Alzheimer's disease, but the mix also included
registry studies, prospective cohorts and a broader study sam-
ple of demented elderly.

Some of the identified studies were excluded due to the
following limitations. Three studies presented outlying and
outdated estimates (Cavallo and Fattore, 1997; Souetre et
al., 1995). Another four only provided total costs or costs
by severity with insufficient information on what resources
or patient samples they referred to (Atance Martinez et
al., 2004; Francois et al., 2004; Livingston et al., 2004; Tra-
bucchi, 1999). Finally, one study was excluded because it
was based on a small Swedish sample of patients with de-
mentia with Levy bodies, with relatively high costs and
therefore not representative to the general dementia popu-
lation (Bostrom et al., 2007).

The remaining 15 studies provided country specific esti-
mates for the European cost model (Table 25). Unweighted
means were calculated for countries with data from several
studies. Three studies were not reporting any data on infor-
mal care but contributed with other direct health care and
non-medical costs (Jonsson et al., 1999; Kronborg et al.,
1999; Wolstenholme et al., 2002).

4.4.3. Discussion

The cost of informal care is uncertain and varies largely
across studies, which to a great extent is due to the lack of
established methods to assess and value this resource. An-
other source of uncertainty is the selection of study persons.
The degree of severity and the proportion of persons residing
in special accommodation vary across studies and is probably
a reflection of the sampling of persons rather than the true

Table 24  Prevalence of dementia by country and age group (%).
Age group Year Reference
60 65 70 75 80 85+

Belgium 4.4 11.1 11.5 2001 Kurz et al. (2001)

Denmark 4.7 11.4 1997 Andersen et al. (1997)

Finland 1.7 29.8 34.3 1998 Rahkonen et al. (2003)

France 6.5 15.1 27.6 1989 Helmer et al. (2006)

Germany 3.5 10.6 20.6 1997 Riedel-Heller et al. (2001)

Greece 4.2 9.8 10.6 14.7 1992 Tsolaki et al. (1999)

Ireland 1 1.6 4.2 6 13 21.4 2002 O'Shea and The Alzheimer Society of Ireland (2007)
http://www.alzheimer.ie/eng/Resources/
Research/Implementing-Policy-for-Dementia-
Care-in-Ireland-The-Time-for-Action-is-Now

Italy 0.7 1.1 1.4 7 10.6 20.6 2000 Tognoni et al. (2005)

Netherlands 0.4 0.9 2.1 6.1 17.6 31.7 1993 Ott et al. (1995)

Spain 2.8 5.7 13.9 25.8 2001 Gascon-Bayarri et al. (2007)

Sweden 0.3 0.5 2.7 5.4 11.2 20.7 2003 Qiu et al. (unpublished data) ?

Switzerland 1.6 7.5 9.3 14.1 23.7 1996 Gostynski et al. (2002)

United Kingdom 1.5 2.6 6.3 13 25.3 2001 Brayne (2006)

Europe 0.5 0.9 2.6 6.1 14.8 23.7 Weighted mean of all studies

@ Qiu C, von Strauss E, Garmén A, Backman L, Winblad B, Fratiglioni L. Trends in dementia occurrence in a 15-year period in central
Stockholm, Sweden. 2011 VAS-COG — unpublished data, personal communication.


http://www.alzheimer.ie/eng/Resources/Research/Implementing-Policy-for-Dementia-Care-in-Ireland-The-Time-for-Action-is-Now
http://www.alzheimer.ie/eng/Resources/Research/Implementing-Policy-for-Dementia-Care-in-Ireland-The-Time-for-Action-is-Now
http://www.alzheimer.ie/eng/Resources/Research/Implementing-Policy-for-Dementia-Care-in-Ireland-The-Time-for-Action-is-Now

Cost of disorders of the brain in Europe 2010

747

Table 25 Annual cost per person with dementia, by country (costs are presented in 2009 Euros).
Country Direct healthcare  Direct non-medical  Total Reference
costs costs costs

Belgium 8946 7027 15,973  Scuvee-Moreau et al. (2002)

Denmark* 3492 9943 13,436 Jonsson et al. (2006), Kronborg et al. (1999)

Finland 3383 11,870 15,253  Jonsson et al. (2006)

France 5250 19,300 24,550  Rigaud et al. (2003)

Germany 1978 10,896 12,874  Schulenberg et al. (1998)

Ireland 1099 13,247 14,346  O'Shea and O'Reilly (2000)

Norway 3399 11,929 15,328  Jonsson et al. (2006)

Spain® 4015 23,173 27,188 Boada et al. (1999), Coduras et al. (2009),
Gustavsson et al. (2011), Lopez-Bastida et al. (2006)

Sweden* 2550 26,755 29,305  Gustavsson et al. (2011), Jonsson et al. (1999),
Jonsson et al. (2006), Mesterton et al. (2010)

United Kingdom* 2124 25,644 27,768  Gustavsson et al. (2011), Wolstenholme et al. (2002)

* Un-weighted mean from several studies.

distribution of the target population in most studies. Popula-
tion based samples may provide a solution, but very large
samples would be needed to get stable results.

The cost per person with dementia is higher overall in
2010 than previously reported in our 2005 study (Andlin-
Sobocki et al., 2005). All 10 new included studies report
higher mean costs than the 5 studies included in 2005
(Jonsson and Berr, 2005). Whether this reflects an increase
in the actual cost of dementia is doubtful because of the un-
certainties related to the cost of informal care, and the
sample selection. Recent estimates include more studies
conducted in southern Europe (Spain and France) where in-
formal care is more common, whereas in northern Europe
(Sweden and the UK), the recent studies have included a
larger proportion of patients in residential care settings.
This has led to an increase in the direct non-medical cost es-
timates which explains most of the change in the cost per
person overall.

4.5, Epilepsy

The worldwide annual incidence of epilepsy ranges from 16
to 51 per 100,000 (Banerjee et al., 2009). The age-specific
prevalence is slightly different in children and adolescents
(4.5-5 per 1000), adults (6 per 1000), and in the elderly (7
per 1000). The age-specific incidence tends to vary signifi-
cantly according to age. It is high in children and adolescents
(70 per 100,000), stabilizes in adults (30 per 100,000), and
increases in the elderly (100 per 100,000) (Forsgren et al.,
2005b). The prevalence of the disease is slightly higher in
males than in females, although the absolute difference
is usually small and most studies show shifting rates be-
tween the sexes in different age groups (Bielen et al.,
2007; Brodtkorb and Sjaastad, 2008).

4.5.1. Epidemiologic data review

The search terms used in the electronic database PubMed in-
cluded epidemiology (incidence, prevalence, mortality),
study design (registry, population-based, review) and dis-
ease specific terms (epilepsy, seizure, status epilepticus) in
combination with a list of European countries. Only studies
published in 2004 or later were included in the search, as a

previous review covered publications up to the spring of
2004 (Forsgren et al., 2005a). After review, 16 recent stud-
ies (Adelow et al., 2009; Benavente et al., 2009; Bielen et
al., 2007; Brodtkorb and Sjaastad, 2008; Christensen et al.,
2007; Dura-Trave et al., 2008; Gallitto et al., 2005; Gao
et al., 2008; Kotsopoulos et al., 2005; Larsson and Eeg-
Olofsson, 2006; Linehan et al., 2010; Lofgren et al., 2009;
Olafsson et al., 2005; Picot et al., 2008; Stranjalis et al.,
2009; Svendsen et al., 2007) were included in addition to
those identified in the EBC2005 study (Table 24). Prevalence
rates were available from 11 recent studies not included in
the previous review (Forsgren et al., 2005a), and incidence
rates from eight new studies (three of them also showing
prevalence rates). A list of all identified prevalence studies
isincluded in Table 26, sorted by age group and year of pub-
lication. The average prevalence is about the same in the
studies published up to 2004 (4.9 per 1000) and the studies
published after 2004 (5.1 per 1000). The median prevalence
in studies including all ages was 5.3 per 1000, while the me-
dian prevalence in studies including children and adoles-
cents was 4.0 per 1000 and in studies including adults and
elderly 6.5 per 1000.

4.5.2. Cost data review

A search for relevant cost literature was carried out using
the PubMed database. The search strings were combinations
of disease-specific search terms (epilepsy, seizure, status
epilepticus etc.) and search terms related to cost studies.
The search included articles published between January
1995 and December 2010. Studies on the cost of illness of ep-
ilepsy in Europe were available from France, Germany, Italy,
the Netherlands, Spain, Sweden, Switzerland and the UK
(Beghi et al., 2004; Berto et al., 2000; Cockerell et al., 1994;
De Zélicourt et al., 2000; Gessner et al., 1993; Guerrini et
al., 2001; Hamer et al., 2006; Jacoby et al., 1998; Kotsopoulos
et al., 2003; Sancho et al., 2008; Swingler et al., 1994; Tetto
et al., 2002; van Hout et al., 1997) (Table 25). A limitation in
the data is that it is often difficult to distinguish whether the
epilepsy-specific costs have been separated from costs for
co-morbidities. The costs may therefore represent the aver-
age cost of patients with epilepsy rather than the epilepsy-
specific costs. Status epilepticus is an importance source of
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Table 26  Prevalence of active epilepsy (per 1000), in Europe.

Author, year Country Prevalence (x1,000) Lower estimate Upper estimate Age group

Zielinski (1974) Poland 7.8 n.a. n.a. All ages

Granieri et al. (1983) Italy 6.2 5.4 6.9 All ages

Joensen (1986) Faeroes 7.6 n.a. n.a. All ages
Maremmani et al. (1991) Italy 5.1 3.7 6.5 All ages

Beghi et al. (1991) Italy 3.9 n.a. n.a. All ages

Giuliani et al. (1992) Italy 5.2 n.a. n.a. All ages

Olafsson and Hauser (1999) Iceland 4.8 n.a. n.a. All ages

Rocca et al. (2001) Italy 3.3 n.a. n.a. All ages

Gallitto et al. (2005) Italy 3.0 n.a. n.a. All ages

Bielen et al. (2007) Croatia 5.1 4.8 5.5 All ages
Christensen et al. (2007) Denmark 5.7 4.0 8.0 All ages

Stranjalis et al. (2009) Greece 2.3 n.a. n.a. All ages

Keranen et al. (1989) Finland 6.3 6.1 6.5 Adults

Forsgren (1992) Sweden 5.5 5.1 5.9 Adults

Oun et al. (2003) Estonia 5.3 4.8 5.8 Adults

Svendsen et al. (2007) Norway 5.3 5.3 8.2 Adults

Brodtkorb and Sjaastad (2008)  Norway 6.7 n.a. n.a. Adults

Lofgren et al. (2009) Finland 19** n.a. n.a. Adults

Linehan et al. (2010) Ireland 8.6 8.3 9.0 Adults

de la Court et al. (1996) Netherlands 7.7 n.a. n.a. Adults 55-94 years
Luengo et al. (2001) Spain 4.1 3.8 4.4 Children >10 and adults
Picot et al. (2008) France 5.4 n.a. n.a. Children >14 and adults
Brorson (1970) Sweden 3.5 n.a. n.a. Children 0-19 years
Sillanpaa (1973) Finland 3.2 n.a. n.a. Children 0-15 years
Cavazzuti (1980) Italy 4.5 n.a. n.a. Children 5-14 years
Sangrador and Luaces (1991) Spain 3.7 n.a. n.a. Children 6—-14 years
Sidenvall et al. (1996) Sweden 4.2 n.a. n.a. Children 0-16 years
Endziniene et al. (1997) Lithuania 4.3 3.8 4.7 Children 0-15 years
Eriksson and Koivikko (1997) Finland 3.9 n.a. n.a. Children 0-15 years
Beilmann et al. (1999) Estonia 3.6 3.4 3.9 Children 0-19 years
Waaler et al. (2000) Norway 5.1 4.4 5.8 Children 6-12 years
Tidman et al. (2003) England 4.3 n.a. n.a. Children 4-10 years
Larsson and Eeg-Olofsson (2006) Sweden 3.4 n.a. n.a. Children 0—16 years
Benavente et al. (2009) Spain 6.9 n.a. n.a. Children 10-19 years

**Cumulative rate (not included in averages).
n.a. = information not available.

direct costs; however, no cost-of-illness studies in which this
seizure category was assessed separately seem to be available
in Europe. A further evidence gap is that not all studies of
adult patients include indirect costs due to productivity losses.
In general, the costs depend primarily on seizure frequency
and responsiveness to drug treatment. Newly diagnosed pa-
tients also tend to have higher costs, and clinic-based samples
can be expected have higher costs than population-based sam-
ples (Table 27).

4.5.3. Discussion

A number of new studies on the epidemiology and cost of ep-
ilepsy have been published in recent years. These studies
largely confirm the findings from the EBC2005 study
(Andlin-Sobocki et al., 2005).

4.6. Headache

Headaches are among the most common health disorders
worldwide. Although most sufferers experience mild

symptoms, some attacks are highly disabling and come at
large societal costs. The EBC2005 report on the cost of head-
ache disorders only included migraine, because the costs of
tension-type headache, medication overuse headache and
other headaches were virtually unknown in Europe at the
time (Berg and Stovner, 2005). Since then, Eurolight, a com-
prehensive study estimating the prevalence and economic
burden of all headache disorders in Europe, has been under-
taken (Andrée et al., 2011; Linde et al., 2011).

The Eurolight project, initiated by CRP-Santé Luxembourg is
a recent, multinational population-based observational study,
assessing the prevalence and impact of all headache disorders
in Europe. More than 8000 questionnaires from eight countries
(Lithuania, Germany, The Netherlands, Luxembourg, Italy,
Austria, France and Spain) were collected (Andrée et al.,
2011; Linde et al., 2011).

4.6.1. Epidemiologic data review

Prevalence estimates of headache in available European epi-
demiological studies have been reviewed recently (Stovner
and Andree, 2010). The one-year prevalence of migraine
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Table 27  Annual cost per patient with epilepsy (costs are presented in 2009 Euros).

Country Direct health  Direct non-medical Indirect Total Year Reference
care costs costs costs costs
Switzerland 5186 n.a. 2831 8017 1990 Gessner et al. (1993)
UK 689 1677 5448 7813 1990 Cockerell et al. (1994)
UK 850 n.a. 2691 3541 1991  Swingler et al. (1994)
France, Germany, UK 3104 409 2555 6068 1993 van Hout et al. (1997)
UK 1044 2375 1777 5196 1993  Jacoby et al. (1998)
France 2640 n.a. n.a. 2640 1998 (De Zélicourt et al., 2000) — 1st year
France 695 n.a. n.a. 695 1998 (De Zélicourt et al., 2000) — 2nd year
Italy 1579 n.a. 223 1802 1996 Berto et al. (2000)
Italy 2262 n.a. n.a. 2262 1998 Guerrini et al. (2001)
Italy 1439 n.a. n.a. 1439 2000 Tetto et al. (2002)
The Netherlands 3448 901 n.a. 4349 1999 Kotsopoulos et al. (2003)
Italy 1562 n.a. n.a. 1562 2001 Beghi et al. (2004)
Germany 4493 n.a. 7161 11,654 2003 Hamer et al. (2006)
Spain 5506 282 1790 7564 2005 Sancho et al. (2008)

(estimated at 15%) was considered to be well established from
the evidence identified.

For non-migrainous headaches the published evidence on
prevalence is more scarce and the available studies have
varying designs. However, the Eurolight project offers one-
year prevalence rates of tension-type headache (TTH), med-
ication overuse headache (MOH), and “other headaches”
(i.e. neither tension-type headache, migraine or medication
overuse headache), collected with a common robust meth-
odology in a large sample from eight European countries.
Single diagnoses were assigned hierarchically (i.e. subjects
indicating multiple headaches were assigned only one; pri-
marily MOH followed by TTH and migraine). This is necessary
in economic studies to avoid double counting, but it is con-
trary to clinical diagnosis where all types of headache in an
individual should be diagnosed. The great majority of per-
sons diagnosed with MOH have migraine as the underlying
condition. The prevalence estimates were further reduced
to adjust for overestimation due to a potential interest
bias of responders, suggested after additional analysis of
non-respondents in four of the Eurolight countries. The prev-
alence estimates are shown in Table 28.

4.6.2. Cost data review
The literature review resulted in two new relevant studies
since EBC2005 (Linde et al., 2011; Pradalier et al., 2004).

Table 28 Prevalence estimates from the Eurolight study (%).
Tension-type Medication overuse Other
headache headache headache

Austria 24 1.9 4.3

France 22.1 3.7 4.2

Germany 28.1 2.3 4.3

Italy 22 1.4 0.8

Lithuania 35.7 1.2 2.9

Luxembourg 27.6 2.4 3.6

Netherlands 35.9 1.2 0.2

Spain 23 5.3 2.3

Pradalier et al. (2004) reported direct costs and work absen-
teeism for migraine and other episodic headaches in France
based on interviews from a population based sample of
1486 subjects. Linde et al. (2011) reported in the Eurolight
study direct and indirect costs for 6551 subjects in their mul-
tinational sample.

The Eurolight data were selected for the cost model
because it would enhance the comparability across countries
as data for all eight countries (whose populations constitute
55% of the EU27 population) were collected within the same
study. Further, Pradalier did not present any estimate of indi-
rect costs but only the number of absent days (Pradalier et al.,
2004), and the direct costs were comparable to those in the
Eurolight study (Linde et al., 2011) (e.g. €128 per person
with migraine in Pradalier compared to €86 in Eurolight).

The Eurolight study included high costs due to presentee-
ism (i.e. reduced productivity while at work). This produc-
tivity loss is undoubtedly an important indirect cost to
society, but it is difficult to measure and generally not
reported in studies on costs of disorders of the brain. For
consistency across the disorders, a conservative approach
was therefore selected for this review and it was decided
not to include presenteeism in the main results. Due to the
small sample sizes of patients with MOH and other head-
aches, we only considered the mean for all countries as in-
puts in the model. In the model, Spain and France were
selected as base countries for MOH and other headaches re-
spectively because they had two of the largest numbers of
subjects in the Eurolight study (Linde et al., 2011) and
their individual estimates were similar to the selected
means. The final estimates for the cost model are shown in
Table 29.

4.6.3. Discussion

The Eurolight report enables estimation of the prevalence
and costs associated with non-migrainous headaches, which
were not included in 2004. The indirect costs dominate
total costs and are especially high in MOH, which also has
the highest direct healthcare costs. The costs per subject
with migraine in the eight countries range between 100
and 800 Euro (mean of €445) which is lower than the
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Table 29  Annual cost per subject with headache, (costs are presented in 2009 Euros).

Sample size Direct healthcare costs Direct non-medical costs Indirect costs Total costs
Migraine
Austria 263 194 0 222 416
France 334 86 0 60 146
Germany 109 112 0 670 781
Italy 221 79 0 143 222
Lithuania 149 55 0 56 111
Luxembourg 669 66 0 422 487
Netherlands 815 48 0 601 649
Spain 412 131 0 257 387
Tension-type headache
Austria 204 60 0 642 702
France 255 43 0 7 50
Germany 116 34 0 45 79
Italy 139 17 0 6 24
Lithuania 260 16 0 9 26
Luxembourg 657 24 0 94 118
Netherlands 1138 19 0 96 115
Spain 302 18 0 26 44
Medication overuse headache
Spain (mean of all countries) 259 267 0 1608 1875
Other headache
France (mean of all countries) 249 45 0 26 71

estimates considered in 2004 (€590 on average) but higher if
excluding presenteeism from the 2004 estimate (valued at
€294 in 2004). This may be due to the hierarchical approach
used in Eurolight under which comparatively expensive sub-
jects with both MOH and migraine were assigned to the
MOH group, whereas they were likely included in the esti-
mates from previous studies on subjects with migraine
(Linde et al., 2011; Pradalier et al., 2004).

Data on cost from the Eurolight study are yet to be pub-
lished. Although the present study has graciously been allowed
to use Eurolight data for input into our model, the data pre-
sented here and the data to be published from Eurolight will
differ. In addition to the per subject costs in the eight included
countries, Eurolight estimated the total costs in these coun-
tries, and extrapolated to the 27 European Union member
states (Linde et al., 2011). Our per subject cost estimates dif-
fer from theirs because we opted for a more conservative ap-
proach in which we excluded presenteeism. Further, their
methods for extrapolating costs to other European countries
which were not included in the data collection differed from
ours. They extrapolated the total costs in the eight countries
to EU27 assuming that the costs in the included countries
were the same as in those not included (Linde et al., 2011).
In contrast, we extrapolated the median per subject cost in
the included countries to EU27+3, adjusting for differences
in health care expenditure and income levels. Further, Euro-
light presented costs in nominal values (Linde et al., 2011)
whereas our estimates are presented in PPP adjusted real
Euro. There is no right or wrong in the selection of these two
approaches. Extrapolation of data from one country to anoth-
er will always need to rely on a set of assumptions. The

approach used in the Eurolight study is simple and straight for-
ward and thereby easy for the reader to follow, whereas the
more complex approach selected for this review has the ad-
vantage of taking known differences between countries into
account. Moreover, nominal estimates presented in the Euro-
light study is more relevant for individual countries as they
will be directly comparable to other local expenses, whereas
estimates in real Euro is more relevant for comparison of re-
source use across countries as they remove the effect of
price differences. Despite the methodological differences dis-
cussed above, the results are rather similar and there is no real
discrepancy between the two studies. Excluding presentee-
ism, our per subject cost estimate of migraine is 9% lower
than the mean cost per subject presented by Eurolight
(Linde et al., 2011). This discrepancy is small compared to a
more than fivefold difference between the per subject costs
of migraine in France and Germany. The discrepancies are
larger for the more rare diagnoses (our estimates are 24%
higher in MOH and 59% lower in other headache), but these dif-
ferences are also small in comparison to the differences across
countries. In conclusion, the main uncertainty in the pre-
sented estimates is due to the large variation across countries
as reported in the Eurolight study (Linde et al., 2011).

4.7. Mood disorders

From the wider spectrum of mood disorders (also labeled af-
fective disorders), we included two particularly important
diagnoses with large societal costs; namely major depression
and bipolar disorder.
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4.7.1. Epidemiologic data review

The epidemiologic evidence has not changed since 2004, with
the exception of the prevalence estimates of major depression
in the elderly which is now assumed to remain on the same
levels as in adults (Wittchen and Uhmann, 2010). In 2005,
country specific estimates were used for both major depres-
sion and bipolar disorder (Andlin-Sobocki and Wittchen,
2005a). In this revision, we assume that differences across
studies from various European countries are primarily
explained by varying study designs whereas the true differ-
ences across countries are small. Therefore, we have consid-
ered the median European best estimates of the prevalence
rates for all countries. That is, 6.9% for major depression
(age 18+) and 0.9% for bipolar disorder (age 18—65). We ac-
knowledge, though, that the prevalence estimate for bipolar
disorder is extremely conservative, most likely to reflect bipo-
lar 1 disorders (with full mania) only (Beesdo et al., 2009).

4.7.2. Cost data review

For major depression, nine new relevant studies were identi-
fied (Cuijpers et al., 2007; Friemel et al., 2005; Grabe et al.,
2009; Hamre et al., 2008; McCracken et al., 2006; McCrone
et al., 2005; Salvador-Carulla et al., 2011; Sicras-Mainar
et al., 2010; Smit et al., 2006) adding to the three studies
selected in the EBC2005 study (Chisholm et al., 2003; Salize
et al., 2004; Thomas and Morris, 2003). These 12 studies pro-
vided estimates for the Netherlands (Cuijpers et al., 2007;
Smit et al., 2006), Germany (Friemel et al., 2005; Grabe
et al., 2009; Hamre et al., 2008; Salize et al., 2004), the UK
(McCracken et al., 2006; McCrone et al., 2005; Thomas and
Morris, 2003) and Spain (Chisholm et al., 2003; Salvador-Carulla
et al., 2011; Sicras-Mainar et al., 2010). Where possible, the
best available study was selected for each country.

The two Dutch publications reported data from the same
study, a population based cohort study (NEMESIS). Smit et al.
(2006) was preferred because they presented costs for major
depression while Cuijpers et al. (2007) compared severity
subgroups.

Four studies reported costs of depression in Germany,
two of which presented their results in German (Friemel
et al., 2005; Salize et al., 2004). The study by Salize et al.
was selected in the previous EBC review. It is a bottom up
COl study assessing the direct costs of depression in a sample
of 270 patients with depressive disorder, who were recruited
by primary care physicians, family doctors and psychiatrists
(Salize et al., 2004). Friemel et al. (2005) reported direct
health care costs for 131 persons with major or minor de-
pression out of a community-based sample of 3555 non-

Table 30 Cost per person with major depression.

institutionalized adults (ESEMED). In the third study, Hamre
et al. (2008) reported both direct and indirect costs of uni-
polar depression patients based on 3 year follow up data
from the Anthroposophic Medicine Outcomes Study (AMOS).
In the fourth study, Grabe et al. (2009) reported direct
health care costs for 1314 persons with depression out of a
population-based cohort of 3300 persons from the Study of
Health in Pomerania (SHIP). Grabe et al. was selected for
Germany because it was based on a comparatively large
population-based sample.

Three studies reported costs in the UK (McCracken et al.,
2006; McCrone et al., 2005; Thomas and Morris, 2003). Two
studies were identified in this review (McCracken et al.,
2006; McCrone et al., 2005) and a third study was included
from the previous EBC review (Thomas and Morris, 2003).
McCrone et al. (2005) interviewed adults that had major de-
pression in their childhood, and should therefore not be rep-
resentative to all adults with depression. McCracken et al.
(2006) reported costs of depression in five EU countries
(UK, Ireland, Spain, Norway, Finland) based on the ODIN
study (Outcomes of Depression International Network).
Thomas and Morris is a top down COI study that reported di-
rect and indirect costs of depression based on data from
multiple patient registries in the UK (Thomas and Morris,
2003). Thomas and Morris was selected for the UK.

Three studies presented costs for Spain (Chisholm et al.,
2003; Salvador-Carulla et al., 2011; Sicras-Mainar et al.,
2010). Two studies were identified in this review (Salvador-
Carulla et al., 2011; Sicras-Mainar et al., 2010) and one
study was included from the previous EBC review (Chisholm
et al., 2003). Salvador-Carulla et al. (2011) is a top down
study and estimated the costs of depression in Catalonia,
based on a literature review of available estimates, second-
ary databases and expert opinions. Sicras-Mainar et al.
(2010) is a bottom up COI study (published in Spanish)
which was based on the data from two hospitals in Spain,
in Badalona and Pujol. It reported direct health care and in-
direct costs of depression for a total of 4572 patients (54.6%
were in remission), who were followed for 18 months.
Chisholm et al. (2003) is a bottom up COI study based on
data from Longitudinal Investigation of Depression Outcomes
(LIDO). It reported direct and indirect costs of depression in
five countries (Israel, Spain, Brazil, Australia and Russia). In
Spain, 472 patients with four different types of depressive
disorder (comorbid and discrete clinical and subclinical de-
pression) were recruited from primary care settings. Given
the sample populations in the other studies, the costs for co-
morbid clinical depression (98 patients) were considered

Direct healthcare Direct non-medical Indirect costs Total Currency Year of Reference
costs costs costing
Germany 1433 n.a. n.a. 1433 EUR 2006 Grabe et al. (2009)
Spain 889 n.a. 1810 2699 EUR 2009 Sicras-Mainar
et al. (2010)
Netherlands 773 584 1961 3318 EUR 2003 Smit et al. (2006)
United Kingdom 139 n.a. 3217 3356 GBP 2000 Thomas and Morris

(2003)

n.a. = information not available.
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most relevant. Sicras-Mainar et al. was selected for Spain
because it is based on primary data on a relatively large sam-
ple of patients. Table 30 shows the cost data used for major
depression in the European cost model.

For bipolar disorder, three new relevant studies were
identified (Gonzalez-Pinto et al., 2010; Osby et al., 2009;
Tafalla et al., 2010) adding to the four studies included in
the EBC2005 study (Das and Guest, 2002; De Zélicourt et
al., 2003; Hakkaart-van et al., 2004; Olie and Levy, 2002).
Five of these studies (De Zélicourt et al., 2003; Gonzalez-
Pinto et al., 2010; Olie and Levy, 2002; Osby et al., 2009;
Tafalla et al., 2010) reported direct healthcare costs of pa-
tients admitted to hospital or visiting outpatient clinics due
to a manic episode. The remaining two studies (Das and
Guest, 2002; Hakkaart-van et al., 2004) focused on the
broader group of persons with bipolar disorder rather than
only persons with manic episodes, and included both direct
and indirect costs. Das Gupta and Guest was a top down
study based on multiple British registries. Hakkaart-van
Roijen et al. reported costs on 40 patients with bipolar dis-
order from a population based cohort (NEMESIS) in the
Netherlands.

The estimates presented by Das and Guest (2002) were
considered for the European cost model, because of the
broader group of persons with bipolar disorder, the inclusion
of indirect costs and the limited sample size of the Dutch
study. The indirect costs of mortality was excluded resulting
in direct healthcare costs of £487, direct non-medical costs
of £468 and indirect costs of £6663 (all in 1999 GBP).

4.7.3. Discussion

The direct health care costs of persons with major depres-
sion vary across studies and countries, and is probably
explained both by differences in regional care patterns and
study design. Not least the severity of persons has a large im-
pact on the cost estimates, and top—down registries may to a
larger extent include the less severe and costly persons than
bottom-up studies. For instance, the British top—down study
reports much lower estimates than the German population-
based bottom-up study. The pattern was similar in the
EBC2005 study (Andlin-Sobocki et al., 2005), but lower esti-
mates on the indirect costs in Spain and the Netherlands re-
sult in lower total costs overall. For bipolar disorder, no
evidence of changes in costs has emerged since 2005.

4.8. Multiple sclerosis

Multiple sclerosis (MS) is the most common disease of the
central nervous system causing permanent disability in
young adults. The diagnosis of MS is made based on clinical
history, neurological examination, diagnostic tests, and
after the exclusion of other diseases that could account for
the clinical, laboratory and radiological findings. MS typical-
ly presents with a clinically isolated syndrome (CIS), defined
by a distinct first neurological event with observed demye-
lination involving the optic nerve, cerebrum, cerebellum,
brainstem, or spinal cord.

4.8.1. Epidemiologic data review
The distribution of MS prevalence in Europe before 2004 was
reviewed in the EBC2005 study (Andlin-Sobocki et al., 2005).

An increase in the prevalence estimates was observed since
2004, given the use of new diagnostic criteria which allow
for detecting the disease earlier.

Despite the wealth of epidemiological studies on MS con-
ducted over the past decades, the picture of MS distribution
by geography, gender and age is still affected by methodo-
logical concerns: (a) the variability of the surveyed popula-
tions (size, age structure, ethnic origin, etc.), (b) the
capability to detect benign and/or early cases, (c) the de-
gree of case ascertainment differing by geographical and
calendar time setting, access to medical care, number of
neurologists, availability of new diagnostic procedures, pub-
lic awareness about MS, etc.; and (d) the impact of the dif-
ferent diagnostic criteria used across the studies.

The reported point prevalence estimates for each country
ranged from 56 per 100,000 in Lithuania to 232 in Ireland
(Table 31). Some studies also reported prevalence estimates
by age, gender and severity but they were not considered for
the European cost model. Costs were only considered for
those aged 18 years and above.

4.8.2. Cost data review

Regarding the review of the literature to obtain relevant
cost information, fourteen recent studies met the prede-
fined inclusion criteria and were selected for inclusion
(Berg et al., 2006; Casado et al., 2006; Kobelt et al.,
2006a,b,c; Kobelt, 2006; Kobelt et al., 2006d,e,f,g, 2009;
McCrone et al., 2008; Orlewska et al., 2005; Russo et al.,
2004) (Table 32). Ten of the fourteen studies were part of
a multinational observational study in Europe, conducted

Table 31 Prevalence of multiple sclerosis.
Country Prevalence Reference
per 100,000
Austria 98.5 Baumhackl et al. (2002)
Denmark 173.3 Bentzen et al. (2010)
Finland 93 Sumelahti et al. (2001)
France 94.7 Fromont et al. (2010)
Germany 128 Fasbender and Kolmel (2008)
Greece 119.6 Papathanasopoulos et al.
(2008)
Hungary 62 Bencsik et al. (1998)
Iceland 119 Benedikz et al. (2002)
Ireland 230.6 Gray et al. (2008)
Italy* 91 Granieri et al. (2007),
luliano and Napoletano (2008),
Ranzato et al. (2003),
Solaro et al. (2005)
Lithuania 56 Malciené and Pauza (2003)
Malta 17 Dean et al. (2002)
Norway 148 Smestad et al. (2008)
Portugal 46.3 De Sa et al. (2006)
Romania 26 Balasa et al. (2007)
Slovenia 151.9 Peterlin et al. (2006)
Spain 78.7 Ares et al. (2007)
Sweden 170.1 Bostrom et al. (2009)
United 146 Hirst et al. (2009)
Kingdom

*Weighted average.
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Table 32  Annual cost per subject with Multiple Sclerosis.
Country Direct health Direct non-medical Indirect Total Currency Year Reference

care costs costs costs costs
Austria 17,302 8351 14,657 40,310 Euro 2005 Kobelt et al. (2006g)
Belgium 12,020 8842 11,604 32,466 Euro 2005 Kobelt (2006)
France 15,943 7711 20,730 44,384 Euro 2007 Kobelt et al. (2009a,b)
Germany 17,165 5922 16,911 39,998 Euro 2005 Kobelt et al. (2006c)
Italy 11,111 16,424 11,310 38,845 Euro 2005 Kobelt et al. (2006b)
Netherlands 8371 7576 13,476 29,423 Euro 2005 Kobelt et al. (2006a)
Poland 10,135 9560 15,132 34,826 PLN 2002 Orlewska et al. (2005)
Spain 12,142 12,540 8775 33,457 Euro 2005 Kobelt et al. (2006e)
Sweden 15,186 21,264 17,151 53,601 Euro 2005 Berg et al. (2006)
Switzerland 11,237 14,708 15,928 41,873 Euro 2005 Kobelt et al. (2006d)
United Kingdom 6810 12,332 11,174 30,316 GBP 2005 Kobelt et al. (2006f)

by Kobelt and colleagues and therefore were all included in
the calculations (Berg et al., 2006; Kobelt et al., 2006a,b,c;
Kobelt, 2006; Kobelt et al., 2006d,e,f,g, 2009) (Table 30).
Cost-of illness studies including MS patients from countries
already covered by the European study by Kobelt and col-
leagues were excluded in order to avoid calculations based
on studies with differences in methodology (Casado et al.,
2006; McCrone et al., 2008; Russo et al., 2004). The study con-
ducted by that presented the costs of MS patients in Poland
was also included in the calculation of the cost of MS in Europe
(Orlewska et al., 2005).

Cost-of-illness studies conducted before 2004 and includ-
ed the EBC2005 study, were not considered relevant for in-
clusion since the new treatment options that are available
since 2004 resulted in an increase in the cost per patient.

In order to estimate the cost of Multiple Sclerosis for the
entire population, costs for non-adult patients were set to
zero given the lack of relevant data. This is a limitation
which however is not likely to have an important impact on
the results since there are very few non-adult MS cases and
therefore the underestimation of the total economic burden
should not be significant.

4.8.3. Discussion

The new prevalence data available for European countries
suggest an increase of the disease frequency since the
EBC2005 study (Andlin-Sobocki et al., 2005). This increase
is likely to be attributed to the new diagnostic criteria
which allow detecting the disease earlier. With regard to
the economic evidence retrieved from the literature, an in-
crease in the cost per patient with MS is observed, which is
likely due to the new and more costly treatment options

that are available during the last ten years. The differences
in the methodologies of the cost-of-illness studies that were
conducted before and after 2004 as well as the differences in
the disease severity of the study populations render the
comparison between the studies difficult and limit the possi-
ble interpretation of the changes in the economic burden of
the disease since 2004.

4.9. Parkinson's disease

Parkinson's disease is a chronic progressive neurodegenera-
tive disorder characterized by tremor, bradykinesia, rigidity
and postural instability. In parallel to the gradual loss of
function, patients perceive a reduction in their quality of
life and their need for care incurs high costs to their families
and society as a whole. The number of persons and subse-
quently the burden of Parkinson's disease is expected to in-
crease over time due to the aging European population. In
the EBC2005 study, only persons above 65 years of age
were considered whereas in this revision the costs of two
age groups were estimated; one younger group (aged 40—
69) with low prevalence but higher costs due to work ab-
sence, and one older (70+) in which the prevalence is higher
but with no indirect costs because they are already retired.

4.9.1. Epidemiologic data review

Separate prevalence estimates were identified for persons
between 40 and 69 years of age, and those of 70 years of
age and above (Table 33). Estimates were only available
for four countries but were assumed to be representative
to the whole of Europe.

Table 33  Prevalence rates (%).

Source Country Study Prevalence rates Prevalence rates
Period 40-69 years 70 years and older

Tison et al. (1994) France 1988-1989 n.a. 1.7%

Morgante et al. (1992) Italy 1987 n.a. 2.2%

Errea et al. (1999) Spain 1994—-1995 0.2% 0.9%

Schrag et al. (2000) United Kingdom 2000 0.1% 1.1%

n.a. = information not available.
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4.9.2. Cost data review

The review of the cost literature revealed eighteen studies
that were considered relevant for inclusion. Four of these
studies reported country-specific cost estimates for Germa-
ny, Austria, Italy and Czech Republic, out of a registry set
up by the European network for Parkinson's disease (EuroPa)
(European Network for Parkinson's Disease 2010. www.
europarkinson.net). Persons were recruited from the EuroPa
registry including outpatients at specialist clinics and their
direct and indirect costs were assessed through a question-
naire at baseline and follow-up visits after 3 months (Reese
et al., 2010; von Campenhausen et al., 2009; Winter et al.,
2010a,b). There were seven other studies conducted in these
four countries but the EuroPa estimates were preferred
because they used a common robust methodology (Barth
et al., 2005; Dengler et al., 2006; Dodel et al., 1997, 1998;
Ehret et al., 2009; Keller et al., 2003; Spottke et al., 2005).

Among the studies that there were identified from the re-
view of the literature, four studies reported relevant cost
estimates for Finland, France, Sweden and the UK (Hagell
et al., 2002; Keranen et al., 2003; LePen et al., 1999;
McCrone et al., 2007). McCrone et al. (2007) estimated the
costs of patients with Parkinson's disease in the UK that
were recruited from a community based cohort and hospital
clinics. The other three studies were also selected for the
EBC2005 study and constitute the most up to date evidence
on costs in their respective countries (Hagell et al., 2002;
Keranen et al., 2003; LePen et al., 1999).

The remaining three studies did not report any cost esti-
mates relevant for our study. Two of them explored the ef-
fects of dyskinesias on direct health care costs (Maurel
et al., 2001; Pechevis et al., 2005) and Cubo et al. (2005)
studied the burden of Parkinson's disease in Spain in terms
of years of life lost (YLL) and years lived with disability
(YLD).

The estimates considered for the European cost model
are listed in Table 34. The direct costs per person are as-
sumed to be the same for both age groups, but indirect
costs are only considered for persons up to 65 years of age.

4.9.3. Discussion

This review of the prevalence and costs of Parkinson's dis-
ease in Europe enabled the inclusion of younger persons
below the age of 65 which were not included in the
EBC2005 study. However, because the prevalence in those
below 70 years of age is relatively low, this is not expected

Table 34  Annual cost per subject with Parkinson's Disease.

to result in a large increase in the total number of persons.
The updated costs per person are similar to those reported
in the EBC2005 study albeit with some variation across coun-
tries; however, the new study included new evidence for a
large number of countries.

There is still limited data on costs separating between the
young and the elderly persons with Parkinson's disease. The
direct health care costs were therefore assumed to be the
same across age groups, but it should be noted that most
of the evidence is based on younger persons.

4.10. Psychotic disorders

Psychotic disorders are characterized by episodic or endur-
ing dysfunctions of perceptual cognitive and emotional pro-
cesses. Common symptoms include hallucinations and
paranoid or bizarre delusions, associated with typical severe
impairments and disabilities with regard to social and occu-
pational functioning. Schizophrenia (ICD10 — F20) is the most
severe type of disorder in this group, while others include schi-
zoaffective disorder (ICD10 — F25.9) and schizophreniform dis-
order (ICD10 — F20.81). All psychotic disorders were included in
the literature review, but we only considered estimates on the
cost of persons with schizophrenia for the European cost model.
The rationale was that the majority of the available cost studies
have focused on persons with schizophrenia only and because
only small differences in costs between different diagnoses
are expected.

4.10.1. Epidemiologic data review

The best estimate for the European prevalence of psychotic
disorders was 1.2% (Dominguez et al., 2011), of which more
than half are persons with schizophrenia (prevalence of
0.635%). The considered age group was everyone from
18 years of age and above.

4.10.2. Cost data review

Twelve new relevant cost studies since 2004 were identified
in the literature review. As stated in the Introduction, the
majority of the studies were based on persons with schizo-
phrenia, whereas three studies also included persons with
other psychotic disorders. Two studies presented estimates
from a prospective observational cohort (Garattini et al.,
2004; Knapp et al., 2004; Mangalore and Knapp, 2007) and
the third study was based on data from a clinical trial sample

Country Direct health Direct non-medical Indirect Total Currency Year Reference
care costs costs costs costs
Austria 5400 6420 7820 19,640 Euro 2008 von Campenhausen et al. (2009)
Czech Republic 3300 3400 4320 11,020 Euro 2008 Winter et al. (2010a)
Finland 4838 1888 5074 11,800 Euro 1998 Keranen et al. (2003)
France 4490 1390 n.a. 5880 Euro 1999 LePen et al. (1999)
Germany 10,096 1694 5010 16,800 Euro 2006 Reese et al. (2010)
Italy 7320 4740 5220 17,280 Euro 2006 Winter et al. (2010b)
Sweden 28,730 42,526 52,310 123,566 SEK 2000 Hagell et al. (2002)
UK 2056 11,748 n.a. 13,804 GBP 2003 McCrone et al. (2007)

n.a. = information not available.
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with strict inclusion criteria (Salize et al., 2009) None of
these studies was considered for the European cost model.

Heider at al. randomly sampled 1208 persons with schizo-
phrenia between 18 and 64 years of age from patient lists in
secondary care clinics (Heider et al., 2009). Persons were
followed up to two years with assessments of their resource
utilization every six months. Among the nine studies on per-
sons with schizophrenia, this was preferred because it pre-
sented costs for three countries (France, Germany and the
UK) that were estimated using a common methodology.
This study was also preferred to the study selected in the
EBC2005 study (Knapp et al., 2004), because it was based
on a larger cohort of prospectively followed persons with
schizophrenia. Knapp et al. recruited 404 persons with
schizophrenia between 18 and 65 years of age that had
been in contact with mental health services during the past
3 months. They then asked the persons about their resource
utilization during the past 3 months.

Out of the remaining eight studies, four explored the
costs of schizophrenia but did not provide any usable esti-
mates. One of these presented pooled data from several
countries but no data enabling country-specific estimates,
(Hong et al., 2009) another German study explored the ef-
fects of clinical and social characteristics on costs, and the
other two studies in Germany and Switzerland estimated
the costs of family caregivers of persons with schizophrenia
(Lauber et al., 2005; Wilms et al., 2004). Another three stud-
ies were not considered for the European cost model be-
cause they used a top—down approach (Behan et al., 2008;
Oliva-Moreno et al., 2006), or were based on a sample se-
lected specifically for treatment with risperidone (Lindstrom
et al., 2007). The study by Olivares, and colleagues also
aimed at evaluating treatment with risperidone, but they
also reported baseline costs of a seemingly unselected sam-
ple of persons with schizophrenia prior to the start of treat-
ment (Olivares et al., 2008).

Estimates of direct health care costs for the European
cost model were selected from Olivares et al. and Heider
et al. (Table 35).

Neither of the two selected studies included data on indi-
rect costs. Instead, employment data were collected from
the European Schizophrenia cohort (Bebbington et al.,
2005). They estimated the proportion of persons with schizo-
phrenia that were employed at 12.9, 30.3 and 11.5% in
France, Germany and the UK respectively. The indirect
costs were assumed to be the remaining (unemployed)

Table 35 Annual cost per subject with Schizophrenia.
Country Direct Currency Year Reference
health
care costs
France 7068 Euro 2000 Heider et al.
(2009)
Germany 5848 Euro 2000 Heider et al.
(2009)
Spain 5569 Euro 2005 Olivares et al.
(2008)
United Kingdom 5102 Euro 2000 Heider et al.
(2009)

proportions multiplied by the net annual income in each
country, estimated at €24,449, €25,381, and £26,220 re-
spectively (OECD statistics 2011 stats.oecd.org).

4.10.3. Discussion

The latest economic evidence for schizophrenia suggests
lower direct healthcare costs per person compared to the es-
timates reported in the EBC2005 study. The estimates at
that time were all based on the study conducted by Knapp
et al.(2002) who used a different methodology which may
have resulted in higher figures. For instance, they measured
the costs of persons that had been in contact with the health
services during the same period in which they assessed the
costs. This may have led to an overestimation because
those that had not been in contact with health care, and
therefore probably had lower costs, were omitted from the
analysis.

This updated review also enabled the inclusion of indirect
costs which were not included in the EBC2005 study. The
total costs per person are therefore higher in this revision.
Still, the indirect costs were estimated based on limited
data and do not include costs of potential short term sick-
leave which may have resulted in even higher estimates.

4.11. Stroke

Stroke is defined by the World Health Organization as "a
focal (or at times global) neurological impairment of sudden
onset, and lasting more than 24 h (or leading to death) and
of presumed vascular origin”. Stroke may be defined as ICD
10 code 161 (intercerebral hemorrhage), 63 (cerebral infarc-
tion) 64 (hemorrhage or infarction) and 67 (other type).
Transient ischemic attack (G45) is a diagnosis often excluded
from the stroke, but it is a related diagnosis. Similar to the
EBC2005 study, we do not include this in our analysis. In
the EBC2005 study, only the costs of incident cases of stroke
were considered (i.e. persons having a stroke in 2004). In
this revision we are estimating both the costs of the incident
cases (i.e. persons having a stroke in 2010) and the prevalent
cases (i.e. persons having a stroke in any year prior to 2010).

4.11.1. Epidemiologic data review

A Medline search for stroke prevalence and incidence studies
from Europe since 2004 was conducted. In comparing studies
to the systematic review by Truelsen et al.(2006), this
search yielded fairly identical results for the few countries
with newer data. A standardized approach was taken by
Truelsen et al. This has detailed prevalence and incidence
data from almost all involved European countries, and deci-
sion was made to again use this excellent data resource.

4.11.2. Cost data review

The literature review identified 5 studies which were consid-
ered for inclusion in the calculations. A further study was
provided via personal communication (Smith et al., 2010)
as the authors have only recently submitted this to a peer
reviewed journal. The estimates are taken from their corre-
sponding national report. These estimates together, provid-
ed cost estimates for Germany, Ireland, Italy, Switzerland,
The Netherlands and the UK, which are presented in Table
36.
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All of the studies concentrated on the first 12 months of
costs of incident cases of stroke except for Gerzeli et al.
(2005) that looked at first 6 months only, so we doubled
this to get the 12 months of costs for the model. The Dutch
study reported direct costs for different age and gender
groups, and an average was therefore calculated by consid-
ering the mean cost of men and women in those aged be-
tween 75 and 84 years of age (Struijs et al., 2006).

Further to the 12 month data, the German and Dutch
studies had a longer follow-up up to 5 years after the stroke
(Kolominsky-Rabas et al., 2006; Struijs et al., 2006). These
two studies showed that the costs in the second year were
about 25% of the costs in the first year after the stroke.
Therefore, we assumed that the costs of prevalent cases
would be 25% of the costs of the incident cases in each of
the countries.

4.11.3. Discussion

The costs per person with a stroke within the past year (inci-
dent cases) was similar in this revision compared to the esti-
mates reported from the EBC2005 study (Andlin-Sobocki
et al., 2005). Further, the same incidence data was used in
both studies, resulting in the estimate of the number of per-
sons increasing by the same rate as the size of the European
overall population.

A new contribution in this study, which dramatically in-
creased the total estimated costs of stroke, is that we now
included the costs of prevalent cases. These have much
lower annual costs than the incident cases, but because
they are larger in numbers they constitute a large proportion
of the total costs.

4.12. Traumatic brain injury (TBI)

The EBC2005 study (Andlin-Sobocki et al., 2005) reported es-
timates on the acute costs of traumatic brain injury (TBI).
The rehabilitation and long term consequences were not
considered and little is known about their costs. Therefore,
an economic model was developed to estimate the mean an-
nual costs of persons suffering from a prior TBI.

4.12.1. Epidemiologic data review

The literature review identified two new studies (Cassidy
et al., 2004; Rickels et al., 2010) confirming the incidence
data suggested in the review by Tagliaferri et al.(2006). The
overall incidence ranges between 100 and 300 per 100,000 in-
habitants depending on study (Cassidy et al., 2004). Tagliaferri

Table 36  Annual cost per subject with stroke.

suggests 235 persons distributed over mild (186), moderate
(28) and severe (21) TBI, per 100,000. There is limited data
available on the number of persons suffering from a previous
traumatic brain injury.

4.12.2. Cost data review

Six new studies were identified in the literature review, all
presenting partial costs of TBI patients (Meerding et al.,
2006; Morris et al., 2008; Norlund et al., 2006; Polinder et al.,
2005; Rickels et al., 2010; Rossi et al., 2006). Two studies esti-
mated the direct health care costs of all types of injuries and
reported brief data on skull and brain injury at €3100 in the
Netherlands (Meerding et al., 2006) and €2822 in 10 European
countries (Polinder et al., 2005). Another three studies estimat-
ed the hospitalization costs of mild TBI at €914 in Sweden
(Norlund et al., 2006), isolated head TBI at €3149 in Italy
(Rossi et al., 2006) and TBI at £15,462 in England and Wales
(Morris et al., 2008). The sixth study was a population based
study presenting data on resource use associated with head-
injury in Germany (Rickels et al., 2010).

The economic model was designed to estimate the number
and costs of persons in acute trauma care, in rehabilitation or
suffering from the long term consequences of a previous TBI.
We assumed a time horizon of 20 years divided into three
phases: acute (first 6 months following the injury), rehabilita-
tion (the following 18 months) and finally a long term phase.
We used different input data for each phase and severity of
the TBI (mild, moderate and severe), including incidence
rates, mortality rates, hospitalization costs, and the propor-
tions and costs of patients getting rehabilitation, not being
able to work, and having to live in care homes (Table 37).

The number of prevalent cases in each phase and their
mean costs was then calculated by following the path of a
hypothetical cohort of incident cases over twenty years.
The costs of all incident cases in 2010 and prevalent cases
(assumed to suffer from TBI occurring between 1991 and
2009) were calculated for each severity (Table 38).

4.12.3. Discussion

The TBI cost model provided estimates of number of persons
and their annual costs per person, stratified by severity.
These data have not previously been available. The mean di-
rect health care costs (hospitalization) of the incident cases
in the model (€4356) were comparable to the corresponding
estimates in the EBC2005 study (€4143 on average), but the
long term costs are as seen much higher.

Country Direct healthcare costs Direct non-medical costs Indirect costs Currency Year Author

Germany 18,518 n.a. n.a. Euro 2004 Kolominsky-Rabas et al. (2006)
Ireland 18,571 710 2821 Euro 2007 Smith et al. (2010)

Italy 12,222 9012 1982 Euro 2005 Gerzeli et al. (2005)
Netherlands 19,511 n.a. n.a. Euro 2000 Struijs et al. (2006)
Switzerland 30,036 n.a. n.a. CHF 2002 Mahler et al. (2008)

UK 11,665 n.a. n.a. STG 2004 Luengo-Fernandez et al. (2009)

Note: These are the annual costs of the incident cases while the annual costs of the prevalent cases were estimated at 25% of the above.

n.a. = information not available.



Table 37 Input data for TBI model.
Mild Source Moderate Source Severe Source
Annual incidence 186 Tagliaferri et al.(2006) 28 Tagliaferri et al.(2006) 21 Tagliaferri et al.(2006)
(per 100,000)
Annual mortality

Acute 0.1% af Geijerstam and Britton(2003) 36% Stranjalis et al.(2008) 64% Edwards et al.(2005)

Rehabilitation 1% Human Mortality Database(2010) 2% Human Mortality Database(2010) 2% Human Mortality Database(2010)

and Zaloshnja et al.(2008) and Zaloshnja et al.(2008)

Lifetime 2% Human Mortality Database(2010) 4% Human Mortality Database(2010) 4% Human Mortality Database(2010)

and Zaloshnja et al.(2008) and Zaloshnja et al.(2008)
Proportion institution (or group/nursing home)

Rehabilitation 0% Assumption 8% Dikmen et al.(1995) 8% Dikmen et al.(1995)

Lifetime 0% Assumption 5% Dikmen et al.(1993) 5% Dikmen et al.(1993)
Proportion not working (of working age)

Acute 75% Dikmen et al.(1994) 96% Dikmen et al.(1994) 100%  Dikmen et al.(1994)

Rehab 20% Dikmen et al.(1994) and 22% Whiteneck et al.(2004) 53% Whiteneck et al.(2004)

Whiteneck et al.(2004)

Lifetime 17% Dikmen et al.(1994)) 36% (Dikmen et al., 1994) 63% Dikmen et al.(1994)
Proportion in rehabilitation 4% Assumption 40% POCON study, unpublished # 61% POCON Study, unpublished #
Annual cost per patient (costs are in 2009 Euros)

Acute care 2221 Norlund et al.(2006) 37,730 Morris et al.(2008) 41,841 Morris et al.(2008)

Institution 27,787 PSSRU(2011) 27,787 (PSSRU, 2011) 27,787 (PSSRU, 2011)

Productivity loss
ashe1109.pdf.

Rehabilitation 36,619 PSSRU(2011)

28,958 Office of National Statistics (ONC) (2009) 28,958
http://www.statistics.gov.uk/pdfdir/

36,619

Office of National Statistics
(ONC) (2009)
http://www.statistics.gov.uk/
pdfdir/ashe1109.pdf.

PSSRU, (2011)

28,958 Office of National Statistics (ONC) (2009)
http://www.statistics.gov.uk/pdfdir/
ashe1109.pdf.

36,619 PSSRU(2011)

2 A multicenter Prospective Observational COhort study of incidence, acute care and recovery in the first year after moderate/severe traumatic brain injury in adults in the Netherlands —

unpublished material, personal communication.
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Table 38 Prevalence and annual cost per person with TBI (costs are presented in 2009 Euros).

Prevalence (per 100,000) Direct healthcare costs Direct non-medical costs Indirect costs Total costs
Incident cases (TBI in 2010)
Mild 186 1016 0 5764 6780
Moderate 28 15,980 278 7294 23,551
Severe 21 18,437 278 8306 27,020
Prevalent cases (TBl in 1991—2009)
Mild 3070 138 0 3329 3468
Moderate 316 1804 1453 6652 9909
Severe 178 2617 1445 11,790 15,851

4.13. Child and adolescent disorders

From the much wider spectrum of disorders with a typical
onset in childhood and adolescence we were able to include:
Autism Spectrum Disorders (ASD), Attention Deficit Hyperac-
tivity Disorder (ADHD) and Conduct Disorder (CD).

4.13.1. Epidemiologic data review

As seen in Section 3.2 it was estimated that there are
approx. 6 million individuals with child and adolescent disor-
ders in Europe in 2010 (based on the European population
aged 2-17 years). The number of persons affected by child
and adolescent disorders is for ASD based on a recent review
study of 43 studies on pervasive developmental disorders,
which indicated a prevalence of ASD at 0.64% (Fombonne,
2009). The boy—girl ratio was, based on the review, assumed
to be 4:1. The number of persons with ADHD and CD is based
on a prevalence rate that was estimated, weighted for sam-
ple size, using epidemiological studies as selected based on
searches in Pubmed/Medline (Baumgaertel et al., 1995;
Dopfner et al., 2008; Esser et al., 1990; Ford et al., 2003;
Gomez-Beneyto et al., 1994; Kroes et al., 2001; Landgren
et al., 1996; Puura et al., 1998; Steinhausen et al., 1998;
Taylor and Sandberg, 1991; Verhulst et al., 1997). The prev-
alence rates were estimated at 5% for ADHD and 3% for CD,
respectively, for ages 6 to 17 and 5 to 17. Based on the
reviewed studies, the boy—girl ratio for ADHD and CD is esti-
mated to be 3:1. Further it was estimated that the preva-
lence rate decreases in adolescence for ADHD whereas
increasing in adolescence for CD.

4.13.2. Cost data review

Regarding cost studies, literature searches identified 1732
article hits of which eleven papers were in the end included
for final evaluation. Cost per person is highest for ASD, based

on a UK and a Swedish study that survived exclusion criteria
(Jarbrink, 2007; Knapp et al., 2009). In the UK study, which
includes ASD persons both with and without mental retarda-
tion, the selected cost estimate refers to persons without
mental retardation.

For ADHD a Dutch study survived exclusion criteria
(Hakkaart-van et al., 2007) and for CD a UK study (Romeo
et al., 2006). For all conditions, costs include direct and
indirect costs. Table 39 reports the data extracted and
used from the selected studies for the economic model.
It should be noted (albeit not reported in the table) that
further adjustments were made to account for less than
100% treatments rates (25% treatment assumed for ADHD
and CD, which affects the direct costs).

4.13.3. Discussion

To note regarding child and adolescent disorders is that
there is only a limited amount of economic studies on the
cost per person in a European setting. Hence significant
modeling/extrapolation as detailed in the Methods section
has been necessary to carry out. Significant uncertainties in-
clude, among others, potential differences in treatment rate
across European countries. Further, it is difficult (with preci-
sion) to estimate the excess cost to school services and other
societal sectors apart from the medical sector that is affect-
ed regarding resource use as a result of persons with child
and adolescent disorders.

4.14. Mental retardation

Mental retardation, also sometimes referred to as Intellectual
Disability, refers to the ICD-10 categories of F70—F79. It has
been suggested, in revisions of ICD-codes, that the term Intel-
lectual Developmental Disorder will replace Mental Retarda-
tion. However, since this is yet not official we will use the

Table 39  Annual cost per subject with child and adolescent disorder.
Direct health Direct non-medical Indirect Total cost per Year Country Reference
care Costs costs costs person
ASD <3 0 GBP 1214 0 GBP 1214 2005/06 UK Knapp et al. (2009)
ASD 4-17  GBP 925 GBP 20,165 0 GBP 21,090 2005/06 UK Knapp et al. (2009)
ASD €2361 €49,516 0 €51,877 2005 Sweden Jarbrink (2007)
ADHD €2437 €1569 0 €4006 2004 Netherlands Hakkaart-van et al. (2007)
cD GBP 536 GBP 54,23 0 GBP 5659 2002/03 UK Romeo et al. (2006)
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term Mental Retardation in this paper. Mental retardation may
be described as a meta-syndrome analogous to dementia,
characterized by pervasive developmental cognitive impair-
ment (Salvador-Carulla and Bertelli, 2008). Mental retardation
is associated with significant health problems worldwide such
as multiple disabilities and other medical conditions. A sub-
stantial proportion of mental retardation is due to preventable
causes. The disease may be mild, moderate, severe or pro-
found. The large share of individuals affected by this disorder
has mild mental retardation (85%), whereas moderate (10%)
and severe (4%) are profound (2%) and are less common (King
et al., 2009).

4.14.1. Epidemiologic data review

As seen in Section 3.2, it was estimated that there are about
4.2 million persons with the disease in Europe in ages 0 to
65. This is estimated using a prevalence rate estimate of
1%, based on a recent meta-analysis (Maulik et al., 2011) in-
dicating a prevalence rate of 0.92% in developed countries.
The prevalence rate at 1%, slightly higher than the estimate
for developed countries in Maulik et al.(2011), is motivated
by the finding of higher prevalence rate among middle-
income countries, which include a few of the European
countries (Durkin, 2002). Environmental factors such as alco-
holism, lead exposure, iron deficiency, malnutrition, perinatal
problems and many other non-genetic conditions play a major
role in the excess of people with mental retardation in less
economically developed countries (Bertelli et al., 2009).
Studies indicate a female—male ratio varying between 0.7
and 0.9 among adults and between 0.4 and 1 among children
and adolescents (Maulik et al., 2011). In this report we assume
a female—male ration in the midpoint of that interval at 0.8.

4.14.2. Cost data review

Regarding cost studies, literature searches identified 817
hits of which ten papers were included for final evaluation.
Most papers were based on very specific disease samples in
the UK, indicating a great need for additional COI studies
on mental retardation. One study surviving basic exclusion
criteria is a Dutch study using a top—down approach with a
health-care perspective (Polder et al., 2002). Below the
data from the study that was used as inputs in the economic
model, are presented (Table 40).

4.14.3. Discussion

The annual cost per subject with mental retardation used in
the economic model is a conservative estimate of the eco-
nomic cost of the disease since it does not include most of di-
rect non-medical costs due to the disease, such as the extra
resources needed in educational and social service sectors.
Neither does it include indirect costs in terms of lost produc-
tivity. Considering that it is known that employment is very
low among individuals with MR, including indirect costs

Table 40 Annual cost per subject with mental retardation.

would have implied a significantly higher cost per person
(Martinez-Leal et al., 2011).

4.15. Eating disorders

It was estimated that about 1.5 million persons in Europe are
affected by Eating Disorders, which here includes Anorexia
Nervosa and Bulimia Nervosa (category F50.0 and F50.2 in
ICD-10, respectively). Other conditions, such as Binge Eating
Disorder, are not included in this report and would have,
obviously, implied a larger number of persons affected.

4.15.1. Epidemiologic data review

The number of persons estimated with Eating Disorders is
based on a prevalence rate of 0.54% for Anorexia Nervosa
and 0.86% for Bulimia Nervosa in the age range 14 to
17 years. For the adult population, 18-65 years, a lower
prevalence rate at 0.21% for Anorexia Nervosa and 0.14%
for Bulimia Nervosa was assumed (Jacobi et al., 2004).

4.15.2. Cost data review

Regarding cost studies on Eating Disorders, the literature
searches identified 237 hits, of which only four papers
were considered for inclusion. Of these four papers, only
one paper actually contained enough data in order to be use-
ful (and passing exclusion criteria) (Krauth et al., 2002).

The study contains cost per person data for Anorexia Ner-
vosa and Bulimia Nervosa and is based on a German sample
with a bottom—-up methodology. Cost estimates are based
on benefit data from health and pension insurance schemes.
In the report we exclude costs due to premature mortality
from the study, and therefore the data on cost per person
used here is lower compared to what is reported in the in-
cluded study (Krauth et al., 2002).

Below is the data that was used as inputs in the economic
model. Excluding prematurely mortality costs, cost per per-
son for Anorexia Nervosa is €1984 and €117 for Bulimia Ner-
vosa. It should also be noted that an assumption of a
treatment rate below 100% is included in the cost modeling;
with a treatment rate of 50% for Anorexia Nervosa and 25%
for Bulimia Nervosa (direct costs were reduced accordingly)
(Table 41).

4.15.3. Discussion

There are several reasons to believe that these are lower
limits of the true cost per person with Anorexia and Bulimia
Nervosa. Several resource items are missing from the study,
including most outpatient resource use and informal care
costs; e.g. lost productivity among parents or caretakers
resulting from the disorder among adolescent persons.

Direct health Direct non-medical

care Costs costs costs

Indirect Total cost per Year

Country Reference

person

Mental Retardation €9296 €4511 0

€13,807 1994 The Netherlands Polder et al. (2002)
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Table 41  Annual cost per subject with Eating Disorder.

Direct health  Direct non-medical Indirect Total cost per Year Country Reference

care Costs costs costs person
Anorexia nervosa  €1608 €158 €218 €1984 1998 Germany Krauth et al. (2002)
Bulimia nervosa €70 €30 €17 €117 1998 Germany Krauth et al. (2002)

4.16. Personality disorders

Personality Disorders (PD) included in this study only take
into consideration the cluster B disorders (Borderline Per-
sonality Disorder and Antisocial Personality Disorder) as no
solid estimates could be obtained for other personality disor-
ders. These refer to categories F60.31 and F60.2 in ICD-10,
respectively. Based on the age range between 18 and
65 years it was estimated that 4.4 million persons in Europe
are affected by these two personality disorders.

4.16.1. Epidemiologic data review

The number of persons affected by personality disorders is
based on a prevalence rate of 0.7% for Borderline Personality
Disorder and 0.6% for Antisocial Personality Disorder in the
age range 18 to 65 (Coid et al., 2006). There is also a signif-
icant age profile for personality disorders, with higher prev-
alence in young adulthood as compared to later in life; with
an age ratio of among 10:1 for Antisocial Personality Disorder
and 8:1 for Borderline Personality Disorder in the age range
18-29 in relation to the age-range 45-65.

4.16.2. Cost data review

Regarding studies on the cost per person of personality disor-
ders, literature searches identified 941 hits. In the end elev-
en papers were considered for inclusion in the project. After
full evaluations a cost per person for Antisocial PD is based
on a Dutch study including both direct and indirect costs
(Soeteman et al., 2008). Cost per case for Borderline PD is
also based on a Dutch study including both types of costs
(van Asselt et al., 2007). Both studies are based on a bot-
tom-up approach.

Below is the data from the study that was used as inputs
in the economic model. It should also be noted that an as-
sumption of a treatment rate below 100% is included in the
cost modeling; with a treatment rate of 30% for Borderline
PD and 10% for Antisocial PD (direct costs were reduced ac-
cordingly) (Table 42).

4.16.3. Discussion

Cost per person is higher for Borderline PD with an estimated
cost per treated person at €16,205 per year. The largest cost
component is indirect costs, mainly caused by productivity
losses due to disability and to some extent due to higher

Table 42  Annual cost per subject with Personality Disorder.

absence from work. The quite significant direct non-medical
costs mainly contain informal care costs. For Antisocial PD a
higher share of costs are due to direct health care costs. It
should also be mentioned that the cost per person does not
include e.g. crime costs that may be significant for persons
with Antisocial Personality Disorder.

4.17. Sleep disorders

It was estimated that there are approx. 45 million persons
affected by sleep disorders in Europe in 2010. This was
based on the inclusion of the following specific diseases in
the category of sleep disorders: Sleep Apnea, Insomnia, Nar-
colepsy and Hypersomnia.

4.17.1. Epidemiologic data review

Assumed prevalence rates are seen in Table 43. The highest
prevalence rate is seen for Insomnia, followed by Sleep
Apnea, Hypersomnia and Narcolepsy.

4.17.2. Cost data review

Regarding cost data for sleep disorders 1067 hits were iden-
tified in the first round of searches, and in the end six papers
were considered of which five are included in the model.
Cost per person of insomnia is based on two French studies
in order to gather both direct and indirect cost data
(Godet-Cayré et al., 2006; Leger et al., 1999). Cost per
case for Hypersomnia, Narcolepsy and Sleep Apnea is based
on three different studies using Danish register data with a
common methodology, retrospective bottom—up studies, in-
cluding both direct and indirect costs (Jennum et al., 2009;
Jennum and Kjellberg, 2010, 2011) (Table 44).

4.17.3. Discussion

Narcolepsy is the condition among sleep disorders with the
highest cost per person, mostly explained by high indirect
costs due to lower employment (matched to control group)
among individuals with narcolepsy as well as lower income
if employed.

4.18. Neuromuscular disorders

Neuromuscular disorders cover a wide range of different
conditions with varying causes and consequences. In the

Direct health care Direct non-medical Indirect Total cost Year Country Reference

Costs costs costs per person
Borderline PD €3661 €4469 €8075  €16,205 2000 The Netherlands van Asselt et al. (2007)
Antisocial PD  €7398 €0 €3728  €11,126 2005 The Netherlands Soeteman et al. (2008)
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Table 43  Prevalence rate — Sleep Disorders.
Assumed point prevalence rate Age Gender (m:f) References
Sleep apnea 3% 18+ 2:1 A
Insomnia 7% 18+ 1:2 B
Narcolepsy 0.022% 18+ 1:1 C
Hypersomnia 0.75% 18+ 1:1 Pallesen et al. (2007)

A: (Ancoli-Israel, 1989; Ancoli-Israel et al., 1995; Baldwin et al., 2001; Bixler et al., 1998, 2000, 2001, 2009; Bliwise et al., 1988; Ferini-
Strambi et al., 1994, 1999; Gislason et al., 1988; Hedner et al., 2006; Hoflstein, 2002; Jennum and Riha, 2009; Jennum and Sjol, 1993,
1994; Laaban et al., 2009; Li et al., 2008; Lindberg et al., 2007; McNicholas, 1986; Neven et al., 1998; Ohayon et al., 1997; Partinen, 1995;
Peter et al., 1985; Schenk, 2010; Teculescu et al., 2001; Young et al., 1993; Young, 1996; Young et al., 1997a,b,c, 2002).

B: (Baldwin et al., 2010; Bluestein et al., 2010; Boyle et al., 2010; Broman et al., 2008; Brower and Perron, 2010; Chasens et al., 2010;
Hausken et al., 2009; Hetta et al., 1999; Jansson-Frojmark and Linton, 2008; Kronholm et al., 2008; LeBlanc et al., 2009; Leger et al.,
1999, 2000, 2006; Leger and Poursain, 2005; Loredo et al., 2010; Martikainen et al., 2003; Ohayon and Partinen, 2002; Pallesen et al.,
2001; Roy and Smith, 2010; Sasai et al., 2010; Sivertsen et al., 2006, 2009a,b, 2010; Troxel et al., 2010; Ursin et al., 2009; van Mill et al.,

2010; Vgontzas et al., 2009; Waage et al., 2009).

C: (Dauvilliers et al., 2001, 2002; Heier et al., 2009; Hong et al., 2002; Hublin et al., 1994a,b; Kryger et al., 2002; Ohayon et al., 2002;

Partinen et al., 1994; Silber et al., 2002; Wing et al., 2002).

project it was initially decided to divide Neuromuscular Dis-
orders into five different categories, but a lack of economic
cost data implied that we had to narrow the number of in-
cluded conditions. And as described in Section 3.2, included
Neuromuscular Disorders in the study are categorized as:

(1) Muscular Dystrophies (MD) and other genetic myopa-
thies: Duchenne, Becker, Facioscapulohumeral (FSHD),
Limb Girdle, Emery—Dreifuss MD (EPMD), Oculopharyn-
geal MD (OPMD), Congenital MDs, Congenital myopa-
thies, Distal and Myofibrillar Myopathies and Myotonic
dystrophies,

(2) Acquired Neuropathies: Chronic Inflammatory Demye-
linating Polyradiculoneuroapthy (CIDP), Multifocal
Motor Neuropathy (MMN), Paraproteinemic Polyneuro-
pathies (PDN), Guillain-Barré Syndrome (GBS) and
Amyotrophic Lateral Sclerosis (ALS),

(3) Autoimmune Disorders of muscle and of the neuromus-
cular junction: only possible to include Myasthenia
Gravis.

4.18.1. Epidemiologic data review

Most neuromuscular disorders are rare and it was estimated
that the number of persons with any one of the conditions
listed above is about 0.25 million in Europe. This is based
on prevalence rates as described in Table 45.

Note that the number of persons estimated to be affected
with Neuromuscular Disorders lacks a number of important
conditions such as Hereditary Neuropathies (e.g. Charcot—
Marie Tooth disease), Spinal Muscular Atrophies, Inflammatory
Myopathies (Dermatomyositis, Polymyositis, and Inclusion

Table 44  Annual cost per subject with sleep disorders.

Body Myositis, Glycogen Storage Diseases, Mitochondrial Cyto-
pathies) and several other conditions. Including these condi-
tions would obviously have increased the number of persons
estimated to be affected with Neuromuscular Disorders.

4.18.2. Cost data review

Regarding cost studies, literature searches of NMD gave 829
hits, and in the end 4 papers were considered for inclusion
in the model. For NMD an exception regarding exclusion cri-
teria for countries was made; an Australian study is used in
order to estimate cost per case for muscular dystrophies
(AccessEconomics, 2007). Other included studies are based
on samples in Germany, France and the UK (Espérou et al.,
2000; Mahdi-Rogers et al., 2008a,b, 2009; Schepelmann et
al., 2010). Shown in Table 46 is the data from the studies
that were used as cost inputs for the model.

4.18.3. Discussion

The cost per persons with Neuromuscular Disorders is rela-
tively high. It should also be mentioned that some of the ex-
cluded conditions (due to lack of relevant economic studies)
are thought to be very costly, such as acid maltase deficien-
cy (the cost of enzyme replacement therapy is extremely
high), and would have implied a significantly higher econom-
ic burden due to Neuromuscular Disorders.

4.19. Somatoform disorders

Somatoform disorders describe a heterogenous group of
mental disorders ranging from hypochondriasis over pain to
somatization disorder. The descriptive hallmark of these

Direct health Direct non-medical Indirect Total cost Year Country  Reference

care costs costs costs per person
Sleep Apnea €1587 0 €2273 €3860 2006 Denmark Jennum and Kjellberg (2011)
Insomnia USD 2352 0 €1472° 19952 2004 France Godet-Cayré et al. (2006)
Narcolepsy  €2813 0 €7490  €10,303 2004 Denmark Jennum et al. (2009)
Hypersomnia €1268 0 €922 €2190 2005 Denmark Jennum and Kjellberg (2010)

Superscript characters specify that direct healthcare costs are shown in 1995 values (column year) while indirect costs are shown in 2004 values.
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Table 45 Assumed prevalence rates — Neuromuscular Disorders included in the study.

Disease Assumed point prevalence rate Gender References
(per 100,000) (m:f)

Duchenne MD 8.29 Only males Norwood et al. (2009)

Becker MD 7.29 Only males Norwood et al. (2009)

FSHD 3.95 1:1 Norwood et al. (2009)

Limb Girdle 2.27 1:1 Guglieri et al. (2008), Norwood et al. (2009),
Sveen et al. (2006)

EPMD 0.13 1:1 Norwood et al. (2009)

OPMD 0.5 1:1 Abu-Baker and Rouleau (2007),
Norwood et al. (2009)

Congenital MD 0.89 1:1 Norwood et al. (2009)

Myotonic MD 10.4 (DM1) and 0.17 (DM2) 1:1 Norwood et al. (2009)

ALS 10.32 1.5:1 Huisman et al. (2011)

1:

Myasthenia gravis 0.8

Kalb et al. (2002), Oopik et al. (2003),
Poulas et al. (2001)

GBS 1.45 1:1 McGrogan et al. (2009)

CIDP 2.8 2:1 Mahdi-Rogers et al. (2008a, 2008b)

MMN 0.5 2.67:1 Cats et al. (2010), Mahdi-Rogers et al. (2008a, 2008b)
PDN 1 1.625:1 Mahdi-Rogers et al. (2008a, 2008b)

disorders is the patients’ cognitive distortion regarding phys-
ical symptoms and their illness behavior. Such patients per-
ceive obviously normal physical sensations of their body
functions as being proof of having illness and consequently
persistently seek medical advice and treatment because of
perceived physical symptoms for which treating physicians
could not find a reasonable explanation. Depending on the
type and form of patients’ symptoms, different sets of diag-
nostic criteria have been established. The economic burden
of somatoform disorder is typically considered to be ex-
tremely high, because by diagnostic definition theses disor-
ders have to be associated with high, medically not
justified doctor visits and numerous and sometimes even in-
vasive medical investigations, consultations and testing of
various treatments. Distress and suffering of such patients
are typically high, and patients also commonly unable to
work resulting in extensive sick leave and early retirement.

4.19.1. Epidemiologic data review

A review of European studies suggested a median European
prevalence of 6.6%. For our study, to avoid overlap with
headache dealt with separately, we estimated the propor-
tion of subjects with somatoform disorders exclusively due
to headache and excluded such patients, resulting in an ad-
justed prevalence of 4.9% (Wittchen et al., 2011). The avail-
able evidence suggests that this prevalence is applicable to
persons from 18 years and above, but only those between
18 and 65 were considered for the cost calculations.

4.19.2. Cost data review

The most recent study that estimated the costs of persons
with non-psychotic disorders was recruited from a Dutch
population based cohort (NEMESIS) (Cuijpers et al., 2010).
However, estimates were only presented by subgroups
based on the individual scores on a neuroticism scale, and

Table 46  Annual cost per subject with Neuromuscular Disorders.

Direct health Direct Indirect Total cost Year Currency Country Reference
care Costs non-medical costs per person
costs
All muscular 2151 8632 55,021 65,804 2005 AUS Australia AccessEconomics (2007)
dystrophies
ALS 14,980 13,510 7890 36,380 2009 EUR Germany Schepelmann et al.
(2010)
Myasthenia gravis 12,160 910 1880 14,950 2009 EUR Germany Schepelmann et al.
(2010)
GBS 60,108 n.a. 2880 62,988 1999 EUR France Espérou et al. (2000)
CIDP 13,677 2592 5815 22,086 2007 GBP UK Mahdi-Rogers et al.
(2009)
MMN 13,677 2592 5815 22,086 2007 GBP UK Mahdi-Rogers et al.
(2009)
PDN 13,677 2592 5815 22,086 2007 GBP UK Mahdi-Rogers et al.
(2009)

n.a. = information not available.
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no reliable estimate of the cost of a person with somatoform
disorder could therefore be derived from this study. Reid et
al. (2002) studied a selected sample of what the authors call
“frequent attendees” in secondary care without using spe-
cific criteria for somatoform, disorders. examined consecu-
tive patients registered for inpatient treatment at a
behavioral medicine clinic in Germany, reporting direct
health care costs and sick-leave days and also considered
various subgroups (Hiller and Fichter, 2004).

The lack of diagnostically and clinically meaningful sound
cost data that could be translated in a reasonable way to our
reference population of patients, thus prohibits use of these
study data. In order to at least have a conservative proxy for
this important groups of patients we decided to use the Ger-
man community based study (GHS—MHS, (Jacobi et al.,
2002)) which also assessed the resource use of persons with
somatoform disorder. The excess costs of each person were
estimated by multiplying the difference between those
meeting the diagnostic criteria for one somatoform disorders
included versus those not meeting these diagnostic criteria,
taking into account unit costs of each resource. Resources
included visits to primary care and specialists, inpatient
stays and indirect costs due to absence from work (potential
indirect costs of those outside the workforce were not con-
sidered). Direct healthcare costs were estimated at €720
per person and indirect costs at €899 (both in 2004 values).
These estimates were used in the European cost model.

4.19.3. Discussion

It should be noted that the presented estimate for somato-
form disorder is conservative, due to the exclusion of head-
ache. The prevalence in the GHS—MHS (Jacobi et al., 2002)
study was 11% which indicates that they included a broader
range of persons.

5. Discussion
5.1. Main findings

This study provides the currently best possible estimates of
the cost of disorders of the brain in Europe in the year 2010,
based on the latest available evidence. In comparison to
our previous 2005 estimate based on a more restricted set
of diagnoses as well as a smaller European reference popu-
lation, we showed that the estimate presented in the
EBC2005 study remains quite stable if correcting for infla-
tion and the increase in the population. The 2004 estimate
of €386 billion translates into €488 billion given the current
2010 price levels and population size, which is comparable
to our revised estimate for the same disorders of €477 bil-
lion in 2010.

Our 2010 revised estimates for exactly the same twelve di-
agnostic groups covered in the 2005 report also confirmed our
previous interpretation and conclusion that our estimates
would be even higher if all costs of these disorders were con-
sidered. In the present study, important elements were
added that were lacking in the EBC2005 study due to a lack
of data. These "elements” included new sub-diagnoses such
as non-migrainous headaches and post traumatic stress disor-
der, the long-term costs of persons having a stroke or traumat-
ic brain injury in previous years, and the indirect cost of

psychotic disorders and traumatic brain injury. Incorporating
these dimensions added another €164 billion to the cost of
the originally included 12 disorders.

In the present study we also estimate the cost of an addi-
tional seven important groups of disorders of the brain. They
were not considered at all in the EBC2005 report due to lack
of data. The total cost of these disorders amounted to an ad-
ditional €157 billion.

In total we come to the conclusion in our current report
that the cost of disorders of the brain amounts overall to a
staggering €798 billion in Europe in 2010 or more than the
double of our previous estimate.

Lots of somewhat less prevalent disorders are, however,
still missing in the present report due to lack of data. The
"true” estimate of the cost of disorders of the brain is there-
fore probably considerably higher. More research, particu-
larly of cost items, is needed on all disorders of the brain.

5.2. Possibilities for over- and underestimations

The biggest risk of overestimation of cost in our study is the
possibility of double counting discussed throughout in our re-
port. The best way to avoid this risk would have been to do
field studies in all European countries of representative sam-
ples from the general population, covering the full spectrum
of disorders of the brain in one study. We have previously
made plans for such a study but found that even with a num-
ber of simplifications and compromises, such a study of 19
groups of disorders of the brain in 30 countries would cost
in excess of €100 million and would thus be unrealistic. We
believe — as discussed below — that we have been able to
largely eliminate double counting in the present study.

While overestimation is a theoretical possibility, there
are many underestimations that are certain. First, many
cost items are still not included in our study including indi-
rect cost of insomnia, mild traumatic brain injury, mental
retardation and child and adolescent disorders. Second, for
some disorders only a limited age group has been evaluated,
for example the estimated huge cost of adults with autism
was not included due to limited data and all pain related
somatoform disorders were also not included. Third, many
neuromuscular disorders, rare genetic disorders, dystonia
and several other neurological diseases have not been in-
cluded at all. The same is true of a multitude of less common
psychiatric disorders, in fact many more than have been in-
cluded albeit more rare disorders. The consequences of to-
bacco addiction and crime due to addiction to opiates are
very costly, but they are not included. Additionally, appetite
regulation is a neurobiological phenomenon but obesity has
not been included under eating disorders.

Fourth, the cost of crime in alcohol dependence was esti-
mated at around €1500 (PPP 2010) per person in Estonia and
Sweden (Jarl et al., 2008; Saar, 2009). Extrapolated to the
whole of Europe this amounts to 24 billion in total costs. Es-
timates for opioid dependence showed larger variation;
€1200 in Spain, €9140 in France and €61,321 in the UK,
which amounts to 14 billion in total costs if extrapolated to
Europe.

Fifth, the evidence of premature mortality is available
for some disorders but not for others. In brain tumor, the
cost of premature mortality constitutes about 5.3 billion.
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Estimates were also available for substance use disorders but
were not included in the main results. The available data
from Estonia, Germany, Sweden, France and Spain suggest
costs in the range of €4200 to €5200 for alcohol dependence
and about €1300 for opioid dependence. This amounts to
€58 billion in total costs for Europe for alcohol dependence
and €1.5 billion for opioid dependence. The cost of prema-
ture mortality could be studied using a comparatively simple
but consistent method across all disorders, by analysis of
registry data on mortality. Such data are available in Sweden
and Denmark, including the cause of death by ICD-10 codes.
An important advantage of such analysis would be that dou-
ble counting could easily be avoided by only considering one
diagnosis per person, i.e. the main diagnosis according to
the registry data.

Sixth, the cost of cannabis dependence could not be includ-
ed in this review because of lack of European data. However,
evidence from the US suggests that the treatment cost alone
can be substantial, estimated at between $837 and $3334
per patient (1999 USD). Assuming the same cost in Europe
and that half of all 1.4 million persons with cannabis depen-
dence in Europe would get this treatment would result in fig-
ures in the range of €0.5 to €2.5 billion (PPP 2010).

In conclusion there is no doubt that the estimates pre-
sented in this report of the cost of disorders of the brain in
Europe in 2010 are very conservative. They probably repre-
sent an underestimation although they are more realistic
and complete than the data we published in 2005.

5.3. Strengths and limitations of the methodological
approach

The estimates presented in this report are based on model
extrapolations of previously published data on the preva-
lence and cost per person of each disorder. There are several
advantages of this approach. First, it enables consideration
of all of the available evidence even if different methods
are used for different studies and only partial information
is presented in each single study. Thereby, the combined
knowledge and experience from the entire research commu-
nity contributes to make the estimates as accurate as possi-
ble. Second, wherever data are not available, estimates can
still be produced by imputations from the available evi-
dence, for example from another country or group of similar
persons. Not only does this enable estimates in countries and
subgroups where no primary data are available, but it also
enables aggregated estimates for all disorders of the brain
in the whole of Europe. Third, adjustment for inflation, ex-
change rates and purchasing power parities allows for com-
bining studies reporting estimates for different years,
currencies and countries which further increases the evi-
dence base supporting the final estimates. An alternative
approach may be to collect primary data with a common proto-
col for all disorders of the brain and in all countries of Europe.
This would be a very interesting study, albeit extremely ambi-
tious and costly if seriously undertaken.

In order to arrive at comparable estimates for each disor-
der, a consistent methodology was specified for all disorders
of the brain. Small differences were allowed (e.g. in the se-
lection of input data from the identified studies and assump-
tions for the modeling) as specified in the disorder specific

sections, to accommodate differences in the data availabili-
ty and the care patterns for different disorders. At the same
time being an important condition for relevant estimates in
the context of this study, the common methodology
employed for all disorders may explain differences in our es-
timates to other studies focusing on each disorder separate-
ly. It may very well be the case that a different
methodological approach would be more appropriate for a
study focusing on a single brain disorder.

As estimates were not available for many countries, we
imputed the prevalence and cost for these from countries
with available data. The methods selected for imputation
aimed to be specific enough to give accurate imputations
taking known differences across countries into account,
while also being straightforward enough to avoid debatable
assumptions that may be contested depending on the per-
spective of the reader. For this reason we decided to consid-
er the median estimates of both prevalence and costs and
only make adjustments for the different price and income
levels of in each country. Thereby we opted not to consider
different regions of Europe which are complex to define and
seemingly impossible to defend within the context of the Eu-
ropean Union. Further, the median was preferred to the
mean because it avoids the influence of outliers that might
have skewed the results.

5.4. Input data

The accuracy of model estimations is always dependent on
the input data. The main inputs into our model were the es-
timated number of persons affected by the disorders, the
costs per person, and country specific indices and demo-
graphics. Country specific indices and demographics are
readily available from Eurostat and should be considered
valid for all European countries without further comment-
ing. By contrast, the prevalence and cost data are uncertain
and may be discussed further.

The prevalence estimates should be considered as being
relatively robust overall. Most estimates are based on well
designed population based surveys reporting estimates that
have been scrutinized and confirmed in several studies and
countries. However, evidence for all countries was not avail-
able for any of the disorders, which implies that assumptions
have to be made about the prevalence in one country based
on data from others. We assumed the European median prev-
alence for each disorder in all countries where no data were
available. This is a valid approach as long as there are no im-
portant differences in prevalence across countries or regions
in Europe. This is likely not the case for alcohol addiction
which was also the rationale for making an exception for this
diagnosis by considering regional prevalence estimates.

Estimates of the cost per person may be considered less
robust across studies and countries in comparison to the
prevalence estimates. Most cost studies are based on clinical
samples of persons and their cost may not be representative
to the overall patient population. We adjusted for this when-
ever considered appropriate by multiplying the cost esti-
mates by a factor reflecting the proportion of persons that
could be assumed to incur the estimated cost. Moreover, it
is difficult to get an accurate representation of the severity
of persons in a clinical sample. It may for instance be easier
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to recruit less severe persons which are able to respond to
questionnaires themselves than the more severe persons
who may need a caregiver to assist them. One way of addres-
sing this issue is by estimating the cost by categories of se-
verity and combine with similarly defined prevalence
estimates by severity. This approach was considered for
the present study but the available data are still too scarce
in most disorders, though with some exceptions including de-
mentia and multiple sclerosis.

There is a lot of variation in the designs of the identified
cost studies. Most are bottom—up which was preferred in this
review because of the reasons given in the Methods section.
However, in some disorders (e.g. substance use disorders)
we had to rely on top—down studies in absence of other
data. In such studies, the relevant estimate is the total
cost reported for a country which means that the cost per
person is given by dividing the reported cost by our estimate
of the number of persons, rather than the number of persons
potentially reported in the cost study. Otherwise, the total
cost may get to something else in the end. Another common
discrepancy of the cost studies is related to which costs were
actually included in their estimates. We extracted separate
estimates for direct healthcare, direct non-medical and indi-
rect costs. Whenever possible we adjusted the estimates for
types of costs that given our definitions should not be includ-
ed in each of the three categories. For instance, informal
care is commonly considered an indirect cost whereas in
our study we consider it a direct non-medical cost. Still, in
many studies the data may not be detailed enough for either
categorizing into the three types or in some cases even de-
termine exactly what types of costs were included at all.
The estimates may therefore vary because different re-
sources are included in different studies.

5.5. Co-morbidities

As commented in the Results section on aggregated costs,
there is considerable overlap between the disorders of the
brain. This problem is even larger in this revision compared
to what was reported in the EBC2005 study, simply because
we have now considered seven more groups of disorders. The
magnitude of this problem should be considered lower for dis-
orders that are very costly but affect small numbers (e.g. MS
and brain tumor), while the consequences of double counting
may be larger for disorders that affect larger numbers. The ag-
gregated number of persons should not be interpreted as the
actual number of Europeans with a brain disorder, because
some have several disorders adding to the aggregated figures.
Similarly, there is risk of double counting in costs if the cost of
the same person with two disorders is counted twice. To the
extent possible, we included only the excess cost of each par-
ticular disorder but because of variation in the design of the
cost studies and limitation in the available data, we have prob-
ably not corrected for all overlap across disorders.

5.6. Policy implications for research, patient care,
education and drug development

5.6.1. Research with a European focus
For many years, epidemiological studies done in one or a few
places in the United States have been taken to represent the

whole of the United States of America. Cost studies have
been generalized in a similar way. These studies have some-
times taken into account different demographics and socio-
economic characteristics of the different states but most
often not. In Europe there has not been a tradition to gener-
alize results obtained in individual national states to all of
Europe. To a large extent, the necessary methodology for
imputing values for all of Europe has not been in place. Our
first study of the Cost of Disorders of the Brain in Europe
published in 2005 was in this respect pioneering. Just to es-
timate the cost of a single disorder in all of Europe including
values for every single country had not been done before.
Nevertheless, this was achieved for 12 major brain disorders
for which data were available at the time.

Considerable methodological development was thus part
of our first study. More than a hundred experts in epidemiol-
ogy collaborated with a large group of health economists in
order to jointly develop the best possible estimates of prev-
alence and cost of disorders of the brain. Despite all difficul-
ties this collaboration worked extremely well and the first
cost study was produced in only two years.

Due to its pioneering nature and the relative lack of data,
the first cost study was of course far from perfect. To over-
come the difficulties, it proved extremely important to
have a close collaboration between epidemiologists and
health economists. In the present study we have used exact-
ly the same methodology, again employing almost a hundred
epidemiologists throughout Europe and many expert health
economists. Again the work has been done in less than two
years and we can now present much improved estimates,
as discussed elsewhere in the present report.

5.6.2. Policy implications for European research

Data from the WHO have suggested that brain disorders ac-
count for 35% of the burden of all diseases in Europe (Olesen
and Leonardi, 2003). Subsequently a more detailed study has
shown that neurological disorders account for approximately
12% of the burden of all diseases in Europe (Neurological disor-
ders, public health challenges, WHO, 2006). These figures are
quite plausible against the background of our present results,
demonstrating that disorders of the brain account for 25% of
the direct healthcare costs in Europe and that indirect costs
add considerably to this figure.

The huge cost of disorders of the brain indicates of course
that brain research should receive a considerable proportion
of healthcare research funding, particularly in light of se-
vere deficiencies in available effective treatments and
poor service provision as described earlier (Wittchen et al.
2011). In a previous paper entitled “Resource allocation to
brain research in Europe (Sobocki et al., 2006)” we argued
that brain research is not funded sufficiently in relation to
the huge cost burden associated with disorders of the
brain. Now, with the much improved and consolidated cost
estimate one might argue even more forcefully toward in-
creased research spending, in order to cope with immense
problem constituted by disorders of the brain. It was calcu-
lated that the return on investment in brain research far
exceeded the return from any other branches of research
when looking at the total societal prospective. That state-
ment is also reinforced by the present much higher
expenses.
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Undoubtedly, there have been significant improvements in
the funding of brain research at the European Commission
level. Unfortunately, this improvement started from a very
low level of €85 million spent in the fifth framework program
(FP5). In FP6 this figure improved to €260 million and
during the first three calls of FP7, €381 million has been spent
(European Commission, 2009; Framework Programme 6 2009
http://ec.europa.eu/research/health/medical-research/pdf/
brain-research-eu-funding-2002-2009_en.pdf). Still, these
figures constitute only 0.05% of the estimated cost of brain
disorders in Europe in 2010. However, in the FP7 2012 Health
Programme, a total of €684 million will be allocated, none
of which will be specifically allocated to disorders of the
brain. It therefore remains to be seen if the percentage
allocation of funds to brain research is going to change at
all in FP7 despite the specific mention of brain research in
the program text. Europe 2020 has a Flagship initiative the
Innovative Union to drive this agenda forward. Our data strongly
support a focus on brain research in this program and through-
out the EU.

Presently, plans are under discussion for FP8. With the
new cost data at hand, it is clear that brain research must
maintain its current visibility and in fact should receive even
more attention than currently. Likewise, our data suggest
that national research programs throughout Europe should
give considerably increased attention to brain research.

5.6.3. Policy implications for European health care

In the health care policy of the European Commission, brain
disorders have already received some attention. It has pri-
marily been manifest in the European Pact for Mental
health, a very important initiative. Unfortunately, the Euro-
pean Commission has adopted WHO terminology in which
mental health partly includes neurological disorders. Fur-
ther, it should be highlighted that the term mental health
has little to do with mental disorders, because it encom-
passes a much wider non-clinical perspective addressing
well-being and social security issues.

What is clearly required now is a coordinated policy cov-
ering all disorders of the brain, mental and neurological dis-
orders alike, because together they constitute by far the
biggest health problem in the European Union. Furthermore,
we have to emphasize that the burden of disorders of the
brain will likely increase further, simply due to the continu-
ing trend of increasing life expectancy in Europe. Because of
the aging European population, degenerative disorders are
particularly destined to become more common, such as de-
mentia, Parkinson's disease and stroke, but anxiety and
mood disorders are also very prevalent at high age. An in-
creased life expectancy also means for almost all disorders
more years spent with the disorder and the associated dis-
ability. Thus, disorders of the brain are the core challenge
of the future and we must start to address this issue as
early and forcefully as possible.

While increased basic research into the causes of disor-
ders of the brain and their improved treatment is of para-
mount importance, increased focus on the prevention of
disorders of the brain is a particularly important high priority
goal, ultimately bound to improved etiological knowledge
about diseases. Options to address the problem are evident,
ranging from increased resources for treatment to develop-
ing “best practice models” in the organization of health

care systems for the different brain disorders. A positive ex-
ample is the organization of acute stroke care in specialized
units. In several European countries this has been done at
zero extra cost to the health care system because of shorter
admissions. The gains have been to reduce long term disabil-
ity, nursing home placements and death. Centralization of
dementia care in specialized units where a neurologists, psy-
chiatrists and geriatricians collaborate is also increasingly
recognized to be effective and health care programs for
the major psychiatric disorders likewise. It is however, a
huge task to gradually get best practice implemented in all
European countries.

5.6.4. Policy implication for European health educations

In most European countries the curricula at medical schools
and other health care educational institutions reflect clini-
cal concepts about disorders of the brain that are clearly
outdated and not in agreement with our current state of
knowledge. In the past, most disorders of the brain were
ill-defined, with few scientifically sound and empirically
based treatments available. Today, the situation is radically
different. No field of medicine and the health sciences has
experienced greater advances than psychiatry, neurology
and the allied disciplines of clinical psychology and psycho-
therapy. Previously untreatable patients with diagnoses
that bound them to long-term or even lifelong institutional-
ization in the past, can now live with no or minimal disability
in the community and participate fully in society. Drug and
psychological treatments have during the past two decades
become available that enabled the closing of over half of
all costly psychiatric hospital beds, and mental disorders
are now managed through outpatient strategies. Treatments
are also available for all the major neurological disorders,
allowing to improve functioning, delay progression or even
fully rehabilitate patients improving quality of life greatly.

Our EBC “size and burden” (Wittchen et al. 2011) and the
present EBC “cost” report 2011 highlight that disorders of
the brain are the core health challenge of the future. Radical
revisions to school curricula in medicine and other health pro-
fessions are needed to properly inform all health professions
about the fact that over 1/3 of the total EU population is or
has been affected by disorders of the brain, and many more
will additionally suffer from such disorders in their future.
Such messages, along with improved science-based curricula
about the brain and its different types of disorders, must be
communicated widely and translated to immediate action.

In most medical schools the clinical part of the study lasts
at least two years. Out of these 24 months it is unusual to
spend more than two months or 8% of the time in neurological
and psychiatric departments. Similarly, neurophysiology,
neuroanatomy, neuropharmacology and neurochemistry con-
stitute only a small fraction of the preclinical curriculum. It
is, however, no longer unreasonable to demand that 1/3 of
the curriculum at these institutions should focus on the
brain and its disorders. This pertains to basic disciplines
such as physiology, biochemistry and anatomy as well as to
the clinical disciplines. The situation is probably worse, not
better, in other health profession curricula. During the Year
of the Brain 1997 in Denmark, we discovered that the theo-
retical part of the education of nurses contained next to
nothing about brain anatomy and physiology. Clinical educa-
tion within neurology and psychiatry was optional. In order to
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improve the situation and bring it in accordance with the
huge cost of brain disorders, European wide studies of brain
related curricula of all kinds of health care educations should
be performed.

5.6.5. Policy implications for the European
pharmaceutical industry

Brain disorders are usually chronic, and the most burdensome
brain disorders are caused by disturbances in brain chemistry,
not brain anatomy. This means that the disorders, in theory,
should be completely reversible if sufficiently specific and ef-
fective drugs or respectively specific behavioral treatments
were available. At the time of the first cost study, the so-
called central nervous system (CNS) indications, another
word for brain disorder indications, was still a favored topic
in the pharmaceutical industry. This has changed for the
worse, despite the growing societal and cost burden of disor-
ders of the brain demonstrated here. There are two important
and potentially disastrous reasons for this. One is that the
pharmaceutical industry in general is moving out of Europe,
primarily to the United States but also to China, India and
other places. The other reason is that industry in general has
been disappointed by its investments in medicines for brain
disorders. Both these unfortunate developments also have po-
litical reasons and can be potentially remediated by political
means. The industry is moving out of Europe for administrative
and economic reasons such as the lack of a single European
patent, time consuming and expensive recognition procedures
in the different countries and time consuming and expensive
reimbursement negotiations in each single country in Europe.
In comparison, the United States has only one recognition,
that of the FDA. More serious is the movement away from re-
search in brain disorders. To a large extent this is also politi-
cally determined because of stricter regulations for drugs
with an effect on the central nervous system. Political action
could for example include simplification of procedures, reduc-
ing bureaucracy or perhaps prolonging patents for drugs for
brain diseases. As more companies move away from research
into brain disorders this will also reduce funding through the
Innovative Medicines Initiative (IMI), a public—private partner-
ship between the European Commission and the European
Federation of Pharmaceutical Industries and Associations
(EFPIA) as brain disorders are less likely to be chosen.

The increasing burden and the associated increasing cost of
disorders of the brain is a ticking bomb under the European
economy and the EU society as a whole. There are possibilities
to improve prevention, but a real change in the outlook is only
likely to come from the development of new, more specific
and effective drugs and non-drug treatments as well as im-
proved treatment resources. For example, currently the ex-
pense for drugs acting on brain disorders is only 16% of the
total drug consumption in Europe and thus far below the 35%
of cost incurred by these disorders. Furthermore, the cost of
drugs for brain disorders constitutes only a very small fraction
of the total cost of these disorders.

6. Conclusion and recommendation for political
action

In the 27 EU countries plus Norway, Iceland and Switzerland
with a population of 514 million people, we have estimated

that cost of disorders of the brain is €798 billion per year.
This cost burden corresponds to 25% of the direct health
care expenses and the non-medical direct cost as well as
the indirect costs, such as lost work time, are higher than
for most other diseases due to the persisting nature of
many brain diseases. In total, probably one third of all health
related expenses are caused by brain disorders.

This huge cost burden corresponds well to WHO estimates
that the burden in non-economic terms of brain disorders is
approximately 1/3 of the burden of all diseases in high in-
come countries.

On the basis of these figures which are as high as or higher
than for heart diseases, cancer and diabetes combined, we
have the following recommendations for political action.

1. The European Commission and national governments should
make disorders of the brain a high priority topic, and should
maintain and further strengthen existing program initiatives in
this field.

2. The current focus on mental health of the European Commission
should be expanded to include all brain disorders.

3. Core emphasis should be laid on research into the causes and de-
velopmental pathways of disorders of the brain and their rela-
tionship in order to develop improved drug and psychological
treatments as well as to allow for empirically based prevention.

4. The European Commission should consider the state of curricula
and training in all health professions regarding coverage of disor-
ders of the brain. Current curricula and training appear to be in-
appropriate and outdated, neglecting in some places entirely the
size and burden of disorders of the brain.

5. The European Commission should take all necessary steps to en-
courage industry and investors to engage in brain research in
order to relieve the core health challenge of the future.

6. The momentum and expertise from the present effort on the
size, burden and cost or disorders of the brain should be main-
tained by funding and supporting all initiatives aiming to provide
further improved knowledge of the prevalence and cost of brain
disorders in Europe.

7. National policies in each state of Europe should adopt and re-
spectively modify these agenda points according to the specific
situation in their country in order to promote the health of
their citizens and to contain the immense and expanding cost
of disorders of the brain.
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