CHAPTER 1

Neurology Worldwide: The Epidemiology
and Burden of Neurological Disease

Simon Shorvon
UCL Institute of Neurology

Neurological disease casts a heavy shadow over the lives of the

patient, their family and friends and over society. In a recent

survey, in Europe about one-third of all burden of disease was

caused by brain disease — 23% of the years of healthy life is lost

(YLL), 50% of years lived with disability (YLD) and 35% of

disability-adjusted life years (DALYs). The aim of all neurologi-

cal services must be to alleviate the suffering associated with

the disease, and to realise this aim the rational planning of

such health services requires epidemiological knowledge in five

broad areas:

1 Epidemiology of the condition - its frequency and distribution
within a population, its causation, mortality and co-morbidity.

2 Broadimpact of the disease (the ‘burden ofillness’) on individuals,
families, health services and societies and also its financial cost.

3 Effectiveness and cost-effectiveness of diagnosis, investigation
and treatment.

4 Existing health care resources - their distribution and priorities,
and the potential for prevention.

5 Prognosis and outcome, via cohort studies and case—control
studies.

The last three areas are outside the scope of this chapter; here an
overview of selected issues related to the epidemiology and bur-
den of neurological illness is given and, as this book is based on
practice at Queen Square, here too I emphasise studies from the
National Hospital for Neurology and Neurosurgery and the UCL
Institute of Neurology. These set the scene for the more detailed
consideration of neurological disease contained in the rest of the
volume.

Epidemiology of neurological disease

It is self-evident that knowledge of epidemiology is important to
underpin any decision about the provision of health care resources.
It is also clear that epidemiological data (on frequency, distribu-
tion, mortality, etc.) are of little practical value unless related to an
intervention or therapeutic advance. Sadly, however, in practice,
even where reliable data exist, these are used only inconsistently in
planning health care. Neurological disease is one example of this
depressing fact, for the amount of education and expenditure is far
below its estimated impact. In many, indeed perhaps most, health
care settings, the provision of facilities for neurological care is

often surprisingly fragmented and inappropriately targeted, even
where, as in the United Kingdom, there is a nationwide health
service.

Frequency and distribution of neurological disease
Incidence and prevalence rates are the most common measures of
frequency used in medicine.

Incidence is a measure of the rate at which new cases occur in
a specified population during a specified period. The incidence
rate is usually calculated as the number of new cases occurring per
100 000 of the general population per year.

Prevalence is defined as proportion of a population that are cases
at a point in time. The prevalence rate is usually calculated as the
number of existing cases per 1000 of the general population. Point
prevalence is calculated as the number on a particular day (preva-
lence day) and period prevalence is calculated as the number in a
population over a specified period of time. Lifetime prevalence is
defined as the risk of acquiring the condition at any time during life
and is another important figure.

For many neurological diseases, information on even these basic
measures is incomplete. Furthermore, the frequency of many neu-
rological disorders varies markedly in different geographical
regions, differs in urban when compared with rural settings, may
differ with ethnicity, and is often linked to lifestyle and socio-
economic factors.

In most neurological illnesses there are also striking differences
in frequency at different ages, and so the age distribution of the
population will affect the frequency, and some diseases have marked
gender differences. For these reasons, age-specific or sex-specific
rates, or frequency estimates in restricted age ranges, are generally
more informative than crude rates. For instance, the annual inci-
dence of stroke in a general population is about 190/100 000/year,
but in the population over 65 years the rate is 1100/100 000/year.
Similarly, the incidence and prevalence of Parkinson’s disease in the
general population are 20/100 000/year and 2/1000, and in those
over 65 years are 160/100 000/year and 10/1000.

Changes in age structure in populations will impact on the num-
ber of patients with neurological diseases that have age-specificity.
In most developing countries, the population has a far greater pro-
portion of children and young adults than in developed countries.
Figure 1.1 shows age structures in a typical developed (Sweden) and
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Figure 1.1 Age structure in developed and developing countries.

developing country (Costa Rica). However, globally, the number of
people over the age of 65 years is estimated to double by 2030 and
so the number of people with degenerative neurological disease is
rapidly increasing. It is also important to recognise that although
worldwide human populations are growing in an exponential fash-
ion, growth rates vary widely among different countries and regions
and the concept of ‘doubling time’ is a useful way of quantifying
this. Doubling time - the time it is predicted to take for a popula-
tion to double in size — depends not only on population size and
mortality rates, but also on the number of children per woman
(Table 1.1) and other social and health care parameters.

The approximate non-standardised figures for the prevalence
and incidence of neurological disorders in a developed country are
shown in Table 1.2. This table illustrates another important point —
that for chronic diseases, as are many neurological diseases, the inci-
dence rates may be low but the prevalence rates are high. This is
important for health service planning, as the facilities required for
incident cases are very different from prevalent cases. The former
require provision for investigation and acute therapy and the
latter largely for follow-up, social care, long-term therapy and
rehabilitation.

The results of age-adjusted incidence and prevalence figures in a
population of 100 230 persons in a selection of general practices
served by the National Hospital for Neurology and Neurosurgery,
London, from a research project published by the author in 2000 are
shown in Tables 1.3 and 1.4. The incidence rates of 625 neurological
disorders during a single year of observation were reported. Six per
cent of the population in whom lifetime prevalence was surveyed
had had a neurological disorder. In the United Kingdom, diseases
of the nervous system accounted for 7.6% of all GP consultations
between 1981 and 1982. The frequency of disability in private
households amongst those over 16 years of age in the United
Kingdom in 1971 was comprehensively delineated in the Harris
Report in 1971. Disabilities relevant to neurology — CNS disorders,
muscular dystrophies, congenital malformations of the spine and
hydrocephalus, cerebral birth injury, senility as a cause of cognitive
disability — occurred with a prevalence of 78/1000. The UK Office
for Population Censuses and Surveys (OPCS) survey of disability
16 years later graded disability according to severity as well as overall
frequency. The prevalence of complaints relevant to neurology was
13% for ‘CNS disorders, 2% each for dementia and mental retarda-
tion, and 6% for back complaints. In a later study, ‘CNS complaints’
accounted for 7% of disability overall but for 16% of conditions with

Table 1.1 Population size in selected developing and developed
countries — doubling time.

Yemen 15 7.2 20
Nigeria 107 6.2 23
Pakistan 138 5.6 25
Iran 68 4.7 26
Philippines 73 4.1 30
Mexico 95 3.1 32
Bangladesh 122 3.6 35
India 970 35 36
Brazil 160 2.5 48
China 1236 1.8 67
USA 268 2.0 116
France 59 1.7 204
Japan 126 1.5 289
UK 60 1.7 433
[taly 57 1.2 NPG
Germany 82 1.3 NPG
Russia 147 1.3 NPG

NPG, no population growth.

*Doubling time is the predicted time it will take for the population to double
in size. The doubling time depends on population size, age structure, number
of children per women and mortality rates. These figures were taken from the
Population Reference Bureau, and predate improvements in child health,
reductions in mortality rates amongst children and young adults and the HIV
epidemic.

a high severity score. Roughly similar figures are found elsewhere.
Population-based estimates from the United States, for instance,
report point prevalence rates of neurological conditions (excluding
headache, back pain and discs, mental retardation, psychosis, non-
neurological visual and hearing loss and nervous system trauma) of
36/1000.

Ethnic differences in disease were shown by Stewart et al. in 1999
who studied stroke in a multi-ethnic region of London. A stroke reg-
ister was used with 12 sources of case ascertainment. The population
size was 234 533 with 72% Caucasian, 21% black (11% Afro-
Caribbean, 7.5% West African and 2.5% mixed) and 3% South Asian.
Incidence rates were standardised for age and sex. The crude annual



Table 1.2 Annual incidence and point prevalence figures of common
neurological disorders. The table includes only those conditions with
an incidence above 1/100 000/year; whole populations considered,
without age standardisation, and excludes shingles.
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Table 1.3 The National Hospital for Neurology and Neurosurgery
(NHNN) record linkage study: age- and sex-adjusted incidence rates
for neurological conditions (MacDonald et al. 2000) compared with

previously reported rates.

Migraine 370 12100
Acute stroke 190 900
Epilepsy 50 710
Febrile convulsions 50

Dementia 50 250
Chronic polyneuropathy 40 24
(all types)

Transient ischaemic 30

attacks

Bell’s palsy 25

Parkinson’s disease 20 200
Meningitis 15

Subarachnoid 15

haemorrhage

Metastatic brain tumour 15

Primary brain tumour 5 6
Trigeminal neuralgia 4 1
Multiple sclerosis 4 90
Motor neurone disease 2 4
Acute post-infectious 2 1
polyneuropathy

All muscular dystrophies 1 6

Source: data derived from Kurtzke 1982; Hopkins 1993; Zakrzewska and
Hamlyn 1999; Hughes 2002; Hirtz et al. 2007.

incidence rate of stroke was 130 (120-141)/100 000/year and the
age-adjusted rate (to a standard European population) was 125
(115-135)/100 000/year. The rate in the black population was signifi-
cantly higher with an incidence rate of 221 (177-276)/100 000/year.
The rate, not surprisingly, increased with age. The study also looked
at social class and found higher rates in those less than 64 years in
lower social classes. This sort of study generates hypotheses about
causation (as yet not explained) and provides data for rational health
care planning (partially implemented).

Stroke

First cerebrovascular episode

Second cerebrovascular
episode

Intracranial haemorrhage

Seizure disorders
Epilepsy

Single seizures
Tumours

Primary CNS tumours
(benign and malignant)
Parkinson’s disease
Compressive
mononeuropathies — all
except carpal tunnel
syndrome (CTS)

Arm — all excluding CTS

Leg —all

Polyneuropathies
Diabetic polyneuropathy

All excluding diabetic and
alcoholic

Shingles

Other conditions
Post-herpetic neuralgia

Bacterial CNS infection
(overall)
Essential tremor

Trigeminal neuralgia

205 (183-230)

42 (33-55)

10 (5-17)

46 (36-60)

11 (7-18)

10 (5-18)

19 (12-27)

49 (39-61)

24 (17-33)

20 (14-29)

54 (33-83)

15 (9-23)

140 (104-184)

11(6,17)

7 (4-13)

8 (4-14)

8 (4-13)

200

28-35

5% of stroke,

i.e. 10

24-53

20

12-20

40

40

71; 131, 400;
480

13; 34; 9% of
shingles

10; 11

24
2: 4

(continued)
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Table 1.3 (continued)

Benign CNS tumour 7 (3-13) 10
Multiple sclerosis 7 (4-11) 2-8
Traumatic brain injury 7 (3-12) 4-6
Subarachnoid haemorrhage 7 (3-12) 10-15
Subdural haematoma 6(3-12)

Cluster headache 6 (3-10) 6-14
Cranial nerve disorder 6 (2-10)

(excluding I, llI, IV, VI, Bell’s

palsy or trigeminal

neuralgia)

Note: Other conditions that were encountered in the study, but which occurred
with an incidence of 1-5/100 000: aseptic meningitis, metastatic CNS tumour,
presenile dementia, neonatal encephalopathy, other congenital CNS abnormali-
ties, brachial neuritis, Guillain—Barré syndrome, myasthenia gravis, primary
malignant CNS tumour, transient global amnesia, spinal cord injury, acute
cervical myelopathy, cranial nerve injury, demyelinating conditions (excluding
MS), HIV encephalopathy, idiopathic myelopathy, motor neurone disease,
spondylitic myelopathy, truncal mononeuropathy, diabetic amyotrophy, focal
dystonia, non-cervical disc or cada equina damage, optic neuritis, spinal
malformation.

In addition, a small number of cases of the following diseases were also found
in this study: cerebellar degeneration, dementia of uncertain cause, frontal
dementia with anterior horn cell disease, neurosarcoid with cord involvement,
neurofibromatosis, tuberous sclerosis, communicating hydrocephalus, aqueduct
stenosis, cerebral cyst, tonsillar herniation with Chiari malformation, syringomy-
elia, myotonic dystrophy, myositis, idiopathic neurogenic bladder, tubercular
meningitis, meningococcal meningitis, syphilis, streptococcal meningitis,
Streptococcus pneumoniae brain abscess, Listeria meningitis, cryptococcal
meningitis, and an unidentified ventriculitis.

The collection of epidemiological statistics relating to neurological
disorders is difficult; existing figures are probably underestimates and
most biases lead to under-ascertainment. Such issues apply to epide-
miological studies in all areas, but in addition to the varied general
issues there is a particular problem for neurology that requires
mention. This is the difficulty of ‘case definition’ (and thus case ascer-
tainment). Many neurological disorders are defined on clinical crite-
ria, with the inevitable subjectivity this entails. Thus, boundaries exist
in which symptoms are occurring without formal diagnosis - for
instance, the boundaries between ageing and Alzheimer’s disease and
between chronic headache and migraine. Similarly, in epilepsy, the
inclusion of febrile seizures, single seizures and acute symptomatic
seizures within a definition of epilepsy will more than double the
apparent incidence rates. In neurological disorders that are only
mildly symptomatic in their early stages, such as migraine, some
neuropathies, some dementing illnesses and Parkinson’s disease, only
‘the tip of the iceberg’ cases are known to health care professionals.

Severity also varies markedly in many neurological conditions, and
the inclusion of mild cases will lead to high prevalence rates with rela-
tive little impact on burden of illness. Studies of epilepsy from the
National Hospital provide examples of this — with over 60% of
patients with epilepsy entering long-term remission and thus having
only a minor impact on health services. However, any method using
hospital statistics will greatly underestimate the true number of cases
as many minor or static neurological conditions are cared for outside
the hospital setting. Case finding methods also need to be tailored to
the disease’s spectrum of severity and frequency.

Similar considerations apply when considering rarer conditions,
especially those requiring complex medical care where a sound esti-
mate of frequency is important. A study of the prevalence and cau-
sation of dementia in those under 65 years, carried out by Harvey
et al. in 2003 in West London, is one example. In this population of
567 500 people, the prevalence of dementia in those aged 30-64
years was 0.54/1000 (0.45-0.64). For those aged 45-64 years, the
prevalence was 0.98/1000 (0.81-1.18). From the age of 35 onwards,
the prevalence of dementia was found to approximately double with
each 5-year increase in age. On the basis of these figures, it was
estimated that in 2003, there were 18 319 (15 296-21 758) people
with dementia under the age of 65 in the United Kingdom. Using
diagnostic algorithms, 34% had Alzheimer’s disease, 18% vascular
dementia, 12% frontotemporal dementia, 7% dementia with Lewy
bodies and 19% had other causes which included Huntington’s dis-
ease, multiple sclerosis, corticobasal dementia, prion disease,
Down’s syndrome (probably underestimated), Parkinsons disease
and others.

Neurology is also distinguished from other areas of medicine by
the large number of uncommon conditions within its purview
(neurology has the highest number of conditions listed in the
International Classification of Diseases), and therefore large popu-
lations must be studied to obtain accurate population-based data
with appropriate statistical reliability. Sampling error increases with
rarer events and for many of the uncommon neurological diseases
there are few reliable data.

From the perspective of health services, figures of prevalence and
incidence of the cases receiving treatment are important, as it is
these cases that consume resources, not untreated (usually mild) or
cases before diagnosis. In 1998, a large study of epilepsy was pub-
lished by Wallace et al. amongst a population of 2 052 922 persons
in England and Wales of the numbers with epilepsy receiving antie-
pileptic drugs. This provided accurate age-specific rates shown in
Figure 1.2.

Causation

Epidemiological studies are also vital for studying the causes of
disease. The attribution of causation to neurological disease is
rarely a simple matter. Most neurological diseases are multifacto-
rial in nature, being the result of complex interactions between
genetic and environmental influences. The balance between the
two varies. The genetic influences can be very strong - for instance,
in single gene disorders with high penetrance (e.g. Huntington’s
disease). In others the genetic influence is the result of more com-
plex epigenetic and epistatic interactions (e.g. epilepsy), and in
other diseases identifiable Mendelian genetic influences do exist
but are seen in some families cases only (Alzheimer’s disease for
instance is familial in about 10% of cases). The environmental
influences are predominant in many diseases, for instance head
injury or cerebrovascular disease. An interaction between genetic
and environmental factors occurs in other diseases, for instance
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Table 1.4 The National Hospital for Neurology and Neurosurgery record linkage study: ‘lifetime prevalence’ of neurological conditions

(MacDonald et al. 2000) compared with previously reported rates.

Stroke
Transient ischaemia
Epilepsy

Congenital neurological deficit

Parkinson’s disease

Multiple sclerosis

Diabetic polyneuropathy

Compressive mononeuropathies (except CTS)
Subarachnoid haemorrhage

Polyneuropathy (excluding diabetic and alcoholic)
Single seizures

Bacterial meningitis

Other meningitis or encephalitis

Aseptic meningitis

Essential tremor

Polio

Severe head injury

Optic neuritis

Benign CNS tumours

Intracranial haemorrhage

9 (8-11) 5

5 (4-6) 2;6

4 (4-5) 5

3(3-4) 3, 2/1000 between 7 and 10

years; CNS malformation 0.7,
Down’s syndrome 0.5

2 (1-3) 1;,2(1);2
2(2-3) 1,2
2(1-3) 3
2 (2-3) 0.4
1(0.8-2) 0.5
1(0.8-2) 0.4
1(0.9-2)
1(0.8-2) Abscess 0.02, meningitis 0.05
1(1-1)
0.9 (0.6-1)
0.8 (0.5-1) 3(1)
0.7 (0.4-1)
0.6 (0.4-1) 1
0.6 (0.3-1) 0.1
0.5(0.3-1) 0.6 in brain, 0.1 in cord
0.5(0.2-0.8)

CTS, carpal tunnel syndrome; HTLV 1, human T-lymphotrophic virus type 1; MS, multiple sclerosis; PN, peripheral nerve.

‘Lifetime prevalence’ was here defined as a history of the condition at any point up until the survey in this population.

Note: Other prevalent conditions encountered in the study, which occurred with a prevalence of less than 0.5/1000 were: other movement disorders,
viral encephalitis, spondylitic and compressive myelopathy, cluster headache, subdural haemorrhage, malignant CNS tumours, peripheral nerve or plexus
injury, demyelinating condtions other than MS, cauda equaina lesions, dystonia, benign intracranial hypertension, myelopathy, spinal cord injury,
narcolepsy, motor neurone disease, aqueduct stenosis and hydrocephalus in adults, HTLV myelopathy , transient global amnesia, mononeuropathy
(excluding carpal tunnel syndrome), trigeminal neuralgia, post-herpetic neuralgia, muscular dystrophies, myasthenia gravis, eye-movement disorders,
brachial neuritis, Guillain—Barré syndrome, Horner's syndrome, pupillary abnormalities, sacral plexitis/plexopathy.
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Figure 1.2 Standardised prevalence and incidence rates of treated
epilepsy in a population of 2 052 922 persons in England and Wales
in 1995. (Bars indicate 95% Cl.) Prevalence of treated epilepsy:
overall 5.15/1000 people (95% confidence interval [Cl] 5.05-5.25)
Source: Wallace et al. 1998. Reproduced with permission of Elsevier.

the interaction of smoking and genetic susceptibility in Parkinson’s

disease, or geographic location and genetic susceptibility in multi-

ple sclerosis. The latter is an interesting example as there are often

unexplained geographical variations which may reflect either

environmental or genetic influences or both. In most neurological

diseases, even the common diseases, the primary causes are not

clearly understood. Factors which play a part in causation can be

divided into the following:

o Predisposing factors (e.g. age, sex, genetic susceptibility);

« Enabling factors (e.g. poor nutrition, housing, inadequate medi-
cal care);

« Precipitating factors (e.g. exposure to infectious or noxious agent);

« Reinforcing factors (e.g. repeated or prolonged exposure).

It should be noted that the epidemiological approach to causa-
tion is very different from the laboratory approach which studies
mechanisms. Cause and mechanism of disease are not necessarily
the same (this was a distinction which Hughlings Jackson recog-
nised in relation to epilepsy).

Most neurological diseases are the result of multifactorial causal
influences, each of which on their own would not result in the
disease, but together have resulted in the disease. In such multi-
factorial disease, it is often helpful to define ‘risk factors’ which
can be defined as factors that are positively associated with the
development of a disease but which on their own are not sufficient
to cause the disease. Risk factor studies rely in particular on case—
control methodologies, and these can give important clues as to
relative importance of different risk factors. The use of hazard

ratio (HR) and odds ratio (OR) calculations allow meaningful
comparative statistics to be drawn up.

The value of risk factor analysis can be demonstrated by the
example of epilepsy resulting from cerebrovascular disease. In one
study, a history of stroke has been found to be associated with an
increased lifetime occurrence of epilepsy (OR 3.3; 95% confidence
interval (CI) 1.3-8.5). Among the other vascular determinants,
only a history of hypertension was associated with the occurrence
of unprovoked seizures (OR 1.6; 95% CI 1.0-2.4). The risk of
unprovoked seizures rises to 4.1 (95% CI 1.5-11.0) in subjects hav-
ing a history of both stroke and hypertension. Haemorrhagic stroke
(subarachnoid haemorrhage and, to a lesser extent, primary intrac-
erebral haemorrhage) are followed by a higher risk of seizures. The
cumulative probability of developing seizures after a first stroke is
about 6% after 1 year and rises to 11% at 5 years, with significant
differences across stroke subtypes. A study by Cleary et al. in 2004
compared the frequency of stroke after the development of late-
onset seizures, and found late-onset seizures to be a risk factor for
stroke as important as high cholesterol or blood pressure. A total of
4709 individuals who had seizures beginning at or after the age of
60 years were compared with 4709 randomly selected matched con-
trols with no history of seizures. Log-rank testing, adjusted for
matching, showed a highly significant difference in stroke-free sur-
vival between the two groups (P <0.0001) and the relative hazard of
stroke at any point for people with seizures compared with the con-
trol group was 2.89 (95% CI 2.45-3.41).

The Human Genome project also has added a new dimension to
the study of causation of neurological illness, and will in the future
also influence studies of the burden of disease. Over 200 Mendelian
neurological conditions have been identified and here genomics has
had a major impact in understanding the epidemiology and causal
mechanisms of disease. Most such diseases are rare and it is clear
that the genetic influence on the common neurological diseases is
complex and may vary from population to population. To date,
around 100 genome-wide association studies of common neurologi-
cal diseases have been initiated. Eventually, it is to be hoped that such
studies will provides estimates of disease heritability, provide unbi-
ased populations for conventional disease-burden studies, and help
define the clinical and therapeutic relevance of genetic variants.

The co-morbidities of neurological disease are another area in
which risk factor analysis is revealing, but the nature of the
association can be complex and not necessarily causal. Some of
the causal influences on a disease may also be causal influences
on co-morbidity - for instance, smoking resulting in vascular dis-
ease causing stroke also increases the risk of renal disease, and thus
results in a non-causal association between renal disease and
stroke. The treatments of some diseases also result in co-morbidities
(e.g. behavioural effects caused by antiepileptic drugs) as does the
social handicap of some neurological disorders. The psychiatric
co-morbidity of cerebral neurological disorders is particularly
complex with genetic, environmental, shared underlying causes
and also treatment and direct cerebral damage all potentially con-
tributing. Psychosis, depression and anxiety for instance occur
much more frequently in patients with epilepsy than in matched
non-epileptic persons, and the relationship of psychiatric disease
and epilepsy has been shown to be ‘bidirectional’ One explanation
of such a bidirectional relationship is that both conditions share
risk factors, and particularly genetic risk factors, and several recent
studies have found the same copy number variations (CNVs) in
epilepsy, autism, schizophrenia, mental retardation and attention
deficit hyperactivity disorder.



Mortality

The mortality rate of any condition is defined as the number of
persons with that condition dying during a specified period divided
by the number of persons in the same population. This information
is of limited value, particularly in chronic neurological disease,
without a knowledge of the underlying rate of death in patients
without the condition or of age distribution. Therefore, mortality is
often expressed as the ratio between the observed and expected
numbers of death - this measure is known as the standardised mor-
tality ratio (SMR). Expected deaths are calculated by measuring the
death rates of a reference population with an age distribution that is
similar to the study population. When there is no difference in
mortality between the study and reference population the SMR is 1.
The 95% CI provides an estimate of the significance of the calcu-
lated SMR. Another useful measure is the proportional mortality
ratio, which is the percentage of deaths that are due to any one
cause. Life expectancy, defined as the median survival, is linked to
age and is often lowered in neurological disease when compared
with a healthy population, but statistics are complex to derive and
there are few studies of this in neurological disease.

Taking epilepsy as an example, in a UK cohort study, reported by
Gaitatzis et al. in 2006, we followed a cohort of 564 newly diagnosed
cases of epilepsy for 11-14 years and found an overall SMR of 2.1
(95% CI 1.8-2.4). The study also calculated the hazard ratio (HR),
or risk of mortality in a particular group with a particular risk factor
compared with another group without that particular risk factor.
For epilepsy overall, it was 6.2 (95% CI 1.4-27.7; P = 0.049). Rates
varied with the cause of epilepsy: cerebrovascular disease (HR 2.4;
95% CI 1.7-3.4; P <0.0001), CNS tumour (HR 12.0; 95% CI 7.9-
18.2; P <0.0001), alcohol (HR 2.9; 95% CI 1.5-5.7; P = 0.004) and
congenital neurological deficits (HR 10.9; 95% CI 3.2-36.1; P =
0.003). An older age at the time of diagnosis was also associated
with significantly increased mortality rates (HR 1.9; 95% CI 1.7-2.0;
P <0.0001). Life expectancy has also been calculated in the same
population based on the Weibull distribution. This depends on age
at time of diagnosis and aetiological group, and of course reductions
in life expectancy diminish over time. In our study of epilepsy,
overall reduction in life expectancy, at the time of diagnosis, was
found to be up to 2 years for people with a diagnosis of idiopathic or
cryptogenic epilepsy, and up to 10 years in people with symptomatic
epilepsy.

Mortality rates can be a useful way of quantifying treatment, but
it is equally important in some neurological conditions to consider
quality of life. This was well shown in a study of survival after radio-
therapy in patients with glioma by Davies et al. in 1996. Radiotherapy
is known to prolong life if only to a modest extent (in one trial to
38 weeks with radiotherapy compared to 14 weeks with steroids
alone). However, the side effects of radiotherapy can be severe, and
the trade off between survival and quality of life is important to con-
sider. It was found that the clinical status before radiotherapy was a
good indicator of the duration of disability-free life after radiother-
apy. The authors showed clearly that for those already disabled by
the tumour, radiotherapy offered little physical gain and even if not
severely disabled the treatment could cause severe adverse effects.

Other measures and rates

Other epidemiological measures and rates can be derived, for

instance related to childbirth or co-morbidity, and are of impor-

tance in certain health care areas:

o Birth rate is usually defined as the number of live births per mid-
year population;
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o Fertility rate is usually defined as the number of live births per
number of women aged 15-44 years;

Infant mortality rate is defined as the number of infant (<1 year)
deaths per number of live births;

Stillbirth rate is defined as the number of intrauterine deaths after
28 weeks per total births;

Perinatal mortality rate is the number of stillbirths + deaths in
first week of life per total number of births.

Such epidemiological data can be used to investigate causation and
assist prevention, but the issues are often complex.

This is well illustrated in a study of fertility in epilepsy amongst
a general population of 2 052 922 persons in England and Wales,
carried out from Queen Square and reported by Wallace et al. in
1998. Age-specific fertility rates were defined as the number of live
births per 1000 women-years at risk, in each age category. Fertility
was about 30% lower among women with treated epilepsy, with an
overall rate of 47.1 live births per 1000 women aged 15-44 per
year (42.3-52.2), compared with a national rate of 62.6 in the same
age group. The standardised fertility ratios were significantly
lower between the ages of 25 and 39 years in women with epilepsy
(P <0.001; Figure 1.3). The reasons for these lower rates are com-
plicated. There are undoubtedly social effects: women with epi-
lepsy have low rates of marriage, marry later, experience social
isolation and stigmatisation. Some avoid having children because
of the risk of epilepsy in the offspring, and some because of
the teratogenic potential of antiepileptic drugs. Other patients
have impaired personality or cognitive development. However,
there are other biological factors that could lead to reduced fecun-
dity. These include genetic factors and adverse antiepileptic drug
effects. The lowering of fertility is a worrying finding which is
another and important source of disadvantage for women with
epilepsy. If there are potentially preventable causes, these should
be sought.

Many neurological conditions take a chronic course, so long-
term follow-up is important to our understanding of their progno-
sis and resource implications. Epidemiologically based prospective
cohort studies are the optimal method of study to assess the full
impact of the disease.

—o— Women with epilepsy
-o- General UK population of women

Live births per 1000 wo
Ul
o

15-19 20-24 25-29 30-34 35-39 40-44
Age (years)

Figure 1.3 Comparison of age-specific fertility rates in women with
treated epilepsy and general UK population of women in 1993 (study
of a population of 2 052 922 persons). Source: Wallace et al. 1998.
Reproduced with permission of Elsevier.
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Burden of illness

Although the study of the epidemiology of disease provides figures
on incidence, prevalence, risk factors and distribution within a popu-
lation, such information is of limited practical value in terms of
population health unless linked to a treatment (or prevention) pro-
gramme and resource utilisation. A problem that lies at the heart of
care provision is the need to focus interventions where needed.

Definitions

The words ‘burden of illness’ in their widest sense incorporate all
negative impacts of illness, although they are often used to denote
only the financial costs of illness where costs are understood to
encompass the full social costs, both subjective hard to quantify
elements as well as objective more easy to quantify measures. These
cost of illness studies have the advantage of attempting to quantify
a range of negative effects in monetary terms and thus allow com-
parisons to be drawn. Their disadvantages are obvious — notably
the inherent inaccuracies and absurdities of trying to define quality
of life issues in terms of monetary loss. Utility measures (e.g.
quality-adjusted life years, QALYs, and disability-adjusted life
years, DALYs) have also been derived to try to quantify burden
more widely, and a particularly important project has been the
Global Burden of Disease project sponsored by the World Health
Organization (WHO) and World Bank. The burden of illness on
individuals and on carers are not comprehensively accounted for in
such studies which focus on broad categories biased towards soci-
etal and economic considerations.

Cost of illness studies

The principal concern of physicians is to provide individual care,
but as health care costs are rising so fast, and even the richest econo-
mies are seeking to limit expenditure, clinicians are necessarily now
involved in factoring in economic considerations when making
therapeutic decisions. This has led to cost of illness studies, which
although important are bedevilled with methodological problems
that limit their usefulness and validity.

The perspective taken in the analysis is of primary importance
in any study of cost of illness. The cost (and burden) for individuals
has quite different parameters to the burden for families, for health
services or for society in general. Most cost of illness studies are
carried out from the point of view of society, with social costs esti-
mated in terms of lost employment, lost productivity and prema-
ture death.

Costs are usually divided into two types: direct and indirect. In
outline, the direct costs are defined as any resource utilisation
required in the care of the illness. These include medical costs such
as primary care, hospital outpatient, hospital inpatient, investiga-
tion, drugs and non-medical costs such as residential care, com-
munity care, training and rehabilitation. Indirect costs are defined
as the costs resulting from lost economic production and include
premature mortality, dependency, unemployment and underem-
ployment. There are various categories of cost, and any comprehen-
sive analysis should include opportunity costs and transfer
payments. Estimation of indirect costs may use the ‘human capital’
approach which ascribes a monetary value to a person in terms of
their potential productivity. In health economic analysis the will-
ingness to pay approach has become popular, which defines costs in
terms of how much a person would be willing to spend. This has the
advantage of accounting for intangible as well as tangible effects.
Both methods are difficult to carry out and both are open to a wide
variety of biases and criticisms. With all neurological disorders, the

indirect costs are greatly in excess of the direct costs. In one study

of epilepsy in 1994, for instance, direct costs accounted for only

13% of all costs in spite of relatively narrow definition of cost.
There are four common methodologies for carrying out eco-

nomic appraisal:

1 Cost minimisation analysis, which compares interventions where
the outcomes are the same;

2 Cost-effectiveness analysis, where outcomes are compared using
a single natural measure (e.g. in epilepsy, cost per 50% reduction
in seizure frequency);

3 Cost-utility analysis, which is particularly useful for comparing
costs between diseases, in which different outcomes can be
accounted for and costs are compared in terms of their effects on
a utility measure (e.g. the effect on QALYs);

4 Cost-benefit analysis, which measures outcome in terms of eco-
nomic benefit — accounting for both direct and indirect costs.
The latter analysis is the most comprehensive, but in neurology
there have been few examples of robust cost-benefit studies.
With the increasing availability of expensive therapies and inves-
tigations, however, there is a pressing need for good economic
appraisal.

Ethical issues relate also to cost-effectiveness. The primary respon-
sibility of a doctor is to the individual patient and not to society.
Therapies which are not ‘cost-effective’ from the epidemiological or
societal point of view, may be nevertheless beneficial in an individual —
and here the societal and clinical perspectives may clash (indeed,
many cultures that purport to put society before the individual
usually apply hypocritically different standards to the rulers and the
ruled). The impact of social policy, for instance in relation to finan-
cial benefits and social support, on the burden of illness is another
area that can greatly influence the individual burden.

WHO burden of illness studies

In recent years, the WHO and World Bank have evolved a more
comprehensive series of measures of the impact of disease. The best
known are the QALY and DALY. The DALY uses a methodology
that focuses on disability whereas the QALY focuses on quality
of life. These were formidable efforts, involving the WHO in
40 person-years of effort and the collection of data on 483 separate
sequelae in 107 diseases and 14 million death certificates. It has to
be said, as will be quite obvious to all, that reducing the impact of
illness into a one-dimensional measure presents as many methodo-
logical difficulties as do studies quantifying illness in monetary
terms. The Global Burden of Disease study provides comparative
statistics on the impact of disease from 107 countries. To what
extent this effort is worthwhile, finally, in helping set priorities has
been seriously questioned.

The DALY is an indicator that is most useful in making compari-
sons between diseases and between regions, and in Table 1.5 some
comparative figures are shown for neurological and psychiatric dis-
ease. On the basis of this analysis, neuropsychiatric disease
accounted for about 15% of the global burden of disease (and 34%
of the global burden of disability). For instance, cerebrovascular
disease accounts for about 10% of the global burden of neuropsy-
chiatric disease, dementia 2% and epilepsy 1%.

A recent study of disease burden focusing on Europe showed that
three of the five highest DALY scoring medical conditions were
psychiatric or neurological (stroke, unipolar depression and
dementias) and, furthermore, the greatest proportion of DALYs
caused by neuropsychiatric diseases were in the highest income
group of European countries.
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Table 1.5 Disability-adjusted life year (DALY; in thousands) calculations for year 2000 for neurological and psychiatric conditions. Disability-adjusted
life year is an indicator of the time lived with a disability and the time lost due to premature mortality. The figures for Europe were separately

calculated (Olesen and Leonardi 2003).

Neurological and psychiatric conditions (all)t 53009
Cerebrovascular disease 10 316
Unipolar depression 4091
Bipolar disease 1541
Schizophrenia 1609
Epilepsy 633
Alcoholism 4435
Dementia 4531
Parkinson’s disease 428
Multiple sclerosis 303

24 682 23949 15788 165082
5166 5223 5487 45770
6721 10064 6193 60166
1673 2867 1785 16722
2151 2041 611 14614

427 848 526 4712
4611 1113 2387 18 973
3286 1192 453 10135

523 167 63 1278

222 253 140 1569

*Defined as ‘established market economies’.
This category excludes cerebrovascular disease.
Source: World Health Organization (1996).

The personal burden of neurological disease - stigma
The burden of illness of any neurological disease includes aspects
that are less directly related to economic factors. Psychological,
social, educational, employment and legislative aspects can have a
major impact. Some of these are proportionate and rational (e.g.
driving restrictions in epilepsy or stroke) but others are not, and a
particular issue for patients with neurological disease is the stigma
attached to the disease.

Stigma deserves special mention, for it is important in many
neurological disorders and yet its consequences are overlooked in
burden of illness studies. It is often divided into three categories:
enacted (actual experience of discrimination), felt (the fear of
discrimination) and self (for instance, devaluation or shame or
withdrawal as a personal response to perceived discrimination).
There are complex interactions and society will often construct a
‘stigma theory” about a disease - to explain the dangers the person
represents and which imputes a wide range of imperfections on the
basis of the disease. The impact of stigma in neurological disease
and epilepsy provides an example. The fact of ‘being epileptic’ is
often more devastating than the simple occurrence of occasional
epileptic seizures. In 1989, in Britain, the felt stigma of epilepsy was
found to be nine times less common than enacted stigma. The
stigma is reflected in the belief that sufferers are retarded, weak,
slow, antisocial, physically unattractive or aggressive. Such beliefs
are most prevalent in developing societies, and in the United
States, for instance, in a number of states, up until 1956, people
with epilepsy were prohibited from marrying and could be steri-
lised, and until the 1970s were excluded from restaurants and

theatres. In a large study published in 1999 and 2000, amongst
more than 5000 persons with epilepsy in Europe, 51% reported
feeling stigmatised and 18% highly stigmatised.

The impact of even non-serious illness can be significant. A study
from Dunedin, New Zealand, of tension headache and migraine
showed significantly poorer social, mental, physical and emotional
functioning than matched non-headache controls. Although equal
numbers of those with and without migraine were in employment,
80% of women with migraine were earning £30 000 or less com-
pared with 67% of controls. Nearly half of those with migraine
reported that their headaches impaired their social activities. The
burden of disease resulting from migraine was considered equal to
that of asthma.

Relative costs — developing countries

Il health has an economic burden that can impose high and regres-
sive cost burdens on the patient and family in all countries.
However, in poorer countries the proportion of family income
spent on health may be particularly high, not least as ill health
results also in unemployment and underemployment. In Sri Lanka,
for instance, where health services are free at the point of delivery,
it has nevertheless been estimated that the total cost of all illness
amounts to 10% of household incomes, and it is likely that neuro-
logical illnesses, because of their generally chronic and disabling
nature, are particularly onerous. Tuberculosis (TB) is a serious
chronic illness which has been well studied from the health eco-
nomic point of view. In Thailand, it has been reported that TB
results in 15% of poor households having to sell material property
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and 10% taking out loans. In India, amongst patients with TB, 67%
of rural patients and 75% of urban patients incurred TB-related
debts. Eleven per cent of school children with parents with TB had
to discontinue their studies and another 8% had to take up employ-
ment. What applies to TB will no doubt also apply to chronic neu-
rological diseases. The impact of diseases depends primarily on the
economic position of the family (the lower the economic status, the
greater the impact) and the social or family networks and commu-
nity support available.

Treatment gap

It is also largely economic factors that lie at the heart of failure of
treatment. Taking the example of epilepsy again, the concept of the
‘epilepsy treatment gap’ was devised to provide a numerical measure
of the extent of failure of therapy by Farmer and Shorvon in 1989.
The treatment gap was defined as the percentage of patients with
active epilepsy in a population who do not receive antiepileptic
drugs and was an estimate based on prevalence and drug supply
figures for that country. Surprising and disturbing results were
obtained - in Pakistan, the Philippines and Ecuador treatment gaps
of 94%, 94% and 80%, respectively, were ascertained in this study
(and considered to be underestimates if anything, resulting from low
estimates of prevalence and assumptions of low drug dosages). Since
then, prospective population-based studies have largely confirmed
similar large treatment gaps in epilepsy in different countries, for
instance 62% in China and 73-78% in India. Another study has
shown that 41% of people with epilepsy in China have never received
antiepileptic drugs. A similar methodology has been widely applied
to other countries, for instance recent studies from Georgia and
Brazil found about two-thirds of people with active epilepsy had not
received appropriate antiepileptic treatment in the month prior to
the survey. There are various reasons for these deficiencies of treat-
ment including cost, availability (not least the availability of drugs in
pharmacies), cultural factors, lack of medical facilities, and lack of
understanding of the potential and role of therapy. Closing the
‘treatment gap’ has become a priority for health services in many
countries, and these findings were a primary stimulus for the highly
successful joint WHO and the International League Against Epilepsy
(ILAE) campaign to improve epilepsy care — the Global Campaign
Against Epilepsy. One intervention study carried out in China
6 months after a Global Campaign survey and found that treatment
gap could be reduced by about 20% with relatively simple measures.
The campaign is an example of how epidemiological data can be
translated into societal action.
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