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Preface

This volume contains the proceedings of the 14th Colloque Médecine et Recher-
che of the Fondation Ipsen pour la Recherche Thérapeutique devoted to Alzhei-
mer’s disease. It was held in Paris on May 25, 1998 and dedicated to the epidemi-
ological study of this dementia, a very important issue because the incidence and
prevalence of Alzheimer’s disease rise exponentially with age.

Epidemiological findings not only confirm dementia as a major challenge for
the coming years but also contribute defining risk factors, predicting and may be
preventing this disease. All these issues have been tackled at the meeting in Paris
and in the present book.

Y. C.
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The World-Wide Impact of Dementia.
Projections of Prevalance and Costs

R. Katzman' and P. J. Fox?

Summary

The prevalence of dementia and Alzheimer’s disease (AD) is age-dependent, ris-
ing exponentially with increasing age. As a result the number of cases of demen-
tia and Alzheimer’s disease have risen this century, as the number of persons
over age 65 has dramatically increased. During the next 50 years, the aging of the
population will continue worldwide. According to 1996 United Nations projec-
tions, the population in the more developed countries will decline slightly from
1.19 to 1.16 billion between the years 2000 and 2050 but the number of individu-
als age 65 and over will increase from 169 million (14.2 % of the population) to
287 million (24.7% of the population). Utilizing conservative prevalence esti-
mates the number of individuals with dementia in developed countries will
increase from 13.5 million in the year 2000 to 36.7 million in the year 2050, as an
increasing number of very elderly survive. By 2050, incident cases of dementia in
the United States will approach the number of incident cases of cancer. Formal
and informal costs to care for patients with dementia will increase at least two-
and-a-half-fold in constant dollars during this 50-year period.

During the same 50 years, increases in life expectancy in the less developed
countries should mirror the increases that occurred in developed countries dur-
ing the twentieth century. The percentage of the population age 65 and over will
increase from 5% to 13 % during this time period, exceeding 1.1 billion by the
year 2050. There is less certainty as to the prevalence of dementia in less devel-
oped countries, but a reasonable estimate is that there will be over 65 million
cases of dementia in 2050 and societal costs will increase more than eight-fold
over current levels. Discovering how to prevent or delay the onset of AD and
related dementing illnesses in order to reduce the prevalence of these disorders
must be a high priority for all of our governments.

! Alzheimer Disease Research Center, Department of Neurosciences, University of California, San
Diego, La Jolla, CA 92093-0949, USA.

? Institute for Health and Aging, University of California, San Francisco, San Francisco, CA 94143-0646,
USA.

R. Mayeux / Y. Christen (Eds.)

Epidemiology of Alzheimer’s Disease:
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2 R. Katzman and P. J. Fox
Introduction

Our objective is to estimate the world-wide impact of AD and other late life
dementing disorders today and during the first half of the twenty-first century.
On the assumption that current age-specific prevalence and incidence rates will
remain unchanged, we can project the number of demented in the first half of the
next century with some confidence in the more developed countries, but with
trepidation in regard to the less developed countries.

The rise in life expectancy in the twentieth century will be matched by a rise
in the number of elderly and hence in the number of those with dementia in the
first 50 years of the twenty-first century. In 1900, life expectancy at birth was just
under 50 years in what are now called the “more developed” countries, the indus-
trialized countries. There were so few elderly that, from a public health point of
view, “senile dementia” was appropriately ignored. In the year 2000, life expec-
tancy at birth will reach 75.3 years in the more developed countries - a gain of 25
years in one century, or three months every calendar year. The direct conse-
quence of this remarkable increase in longevity and the increase in the number
of very elderly during the twentieth century is that AD and other late life dement-
ing disorders have become major causes of morbidity and mortality in the devel-
oped countries. By a very conservative United Nations (UN) estimate, life expec-
tancy at birth will continue to increase but at a slower pace and will reach 80.9
years in the year 2050 in the more developed countries (Table 1). Yet during this
period, the proportion of the population age 65 and over in the more developed
countries will almost double (Table 2). The number of individuals with AD and
other dementing illnesses will increase at a faster rate, since the proportion of
those age 85 or over, who are at very high risk for developing dementia, will

Table 1. Life expectancy at birth. Median variant projections (UN 1996)

1950-1955 1970-1975 2000-2005 2020-2025 2040-2050

World total 46.5 57.9 66.9 72.1 76.3
More developed® 66.5 71.2 75.3 78.3 80.8
Less developed® 40.1 54.7 65.1 70.8 75.5

Specific Countries:

United States 69.0 71.3 77.4 79.7 81.5
Canada 69.1 73.1 79.4 81.2 82.9
France 66.5 72.4 79.4 81.1 83.0
Italy 66.0 72.1 79.2 81.4 83.3
Sweden 71.8 74.7 79.4 81.6 83.4
United Kingdom 69.2 72.0 77.9 79.9 81.8
China 40.8 63.2 71.0 74.6 77.9
Japan 63.9 73.3 80.3 81.8 83.6

% More developed = North America, Japan, Europe and Australia/New Zealand.
® Less developed = Asia (excluding Japan), Africa, Latin America and Caribbean, Melanesia, Microne-
sia, and Polynesia.
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4 R. Katzman and P. J. Fox

increase almost four-fold during this period. Evans (1990) has shown that if the
age-specific prevalence figures obtained in the survey of Alzheimer’s disease car-
ried out in the 1980s in East Boston, Massachusetts, are projected to the United
States population distribution in 2050 (middle series, US Census Bureau), the
number of individuals with AD will reach 14.5 million in 2050, which is triple the
current number.

Demography of Aging

Projections of total population and number of those age 65 and older in the years
2000, 2025 and 2050 are shown in Table 2. This table is based upon the middle
series of the 1996 Revision of the United Nations “World Population Prospects,”
which takes into account the falling fertility and mortality rates as well as the
impact of AIDS. In our table we have included the data for the entire world, for
the “more developed countries,” which are defined by the United Nations as the
countries in North America and Europe, Japan and Australia/New Zealand, for
the remaining “less developed countries,” and for eight specific countries.

Fertility in more developed countries has now fallen below the replacement
rate so that the total population of the more developed countries will actually
decrease from 1.19 billion in the year 2000 to 1.16 billion in 2050, yet the popula-
tion age 65 and older will increase from 14.2 % of the total population in 2000 to
24.7 % of the total population in 2050. During the same period, the proportion of
those age 85 or over will increase almost four-fold to reach 6 % of the total popu-
lation. If one assumes that there will be no change in the age-specific prevalence
rates between the years 2000 and 2050, the number of persons with dementia in
the more developed countries will increase two-and-a-half-fold due to the aging
of their populations over this interval.

Among the less developed countries, a rapid growth in life expectancy is well
underway in Asia and Latin America but is only now beginning to catch up with
the gains experienced in developed countries. In the less developed countries, the
total population will increase from 4.9 billion in the year 2000 to 8.2 billion in
2050; the percentage of those age 65 and over will increase from 5% to 13 % dur-
ing the next 50 years, exceeding 1.1 billion by the year 2050.

Prevalence and Incidence of Dementia and Alzheimer’s Disease Rise
Exponentially with Age

Alzheimer’s disease - which accounts for three-fifths to three-quarters of those
with dementia - and other dementing disorders are prototypic age-dependent
disorders whose prevalence and incidence rise exponentially with increasing age.
Analyzing data from 22 pre-1986 studies of dementia, Jorm et al. (1987) found
that despite marked differences in prevalence rates between the studies, there
was a consistent exponential relationship between prevalence rates and age
across these studies, such that the rates doubled with every 5.1 years of age.
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Almost identical results were obtained in 10 additional prevalence studies pub-
lished after 1985 (summarized by Katzman and Kawas 1994).

A major problem in projecting the number of demented individuals is the
wide discrepancy in age-specific prevalence reported between studies. Yet the
exponential rise in the prevalence with age within each study remains consistent.
Jorm et al. (1988) proposed that projections of future numbers of persons with
dementia or AD be expressed as a percentage rise, which can be easily obtained
by applying the exponential equation relating age-specific prevalence and age to
the changes in the age composition of the population during the period to be
studied. At one extreme, they projected a rise in the prevalence of dementia of
100 % in the United States between 1980 and 2025, and of 215 % in Japan, whose
population is aging most rapidly.

Recently, data on follow-up surveys of the incidence of new cases of dementia
and AD in several of these populations have been reported. Incidence also
increases exponentially with age, doubling with every five years of increase in age
after age 65 (Hebert et al. 1995; Brookmeyer et al. 1998).

Variations in Prevalence Rates between Studies

Epidemiological studies of the prevalence of dementia and AD in persons age 65
and older have shown wide variation, from 4 % to 12 %. In part this variation can
be attributed to variations in population age structure between communities, but
there are also marked differences in age-specific prevalence rates between stud-
ies. While about three-fourths of this variation can be attributed to differences in
criteria and methodology (Corrada et al. 1995), other factors such as educational
level, ethnicity and differential mortaliy in diverse populations may play a role.
The contrast in methodologies used is best illustrated by comparison of the age-
specific prevalence estimates made in the East Boston and Framingham surveys.
Age-specific prevalence rates for AD estimated in the Framingham study
(Bachmann et al. 1992; 1993) were about one-sixth that observed in East Boston
(Evans et al. 1989). The two communities are located within 30 miles of each
other in eastern Massachusetts; both are almost entirely white communities with
a significant portion of their populations of Italian-American derivation,
although the educational and economic level of the population is lower in East
Boston. However, the two studies were carried out very differently. East Boston
was a total community study in which the investigators clinically investigated a
stratified subset of subjects, sampled upon the basis of their scores on a sensitive
test for a specific cognitive decline seen early in AD, a test for delayed recall (the
“East Boston” story). These investigators based their diagnoses on clinical evi-
dence of cognitive decline. The Framingham study was carried out in the context
of a longitudinal study of risk factors for cardiovascular and cerebrovascular dis-
eases that had been ongoing for several decades. These investigators were inter-
ested in identifying risk factors for AD and sought unequivocal cases. Hence they
used the 23/24 cut-off score on the Mini Mental State Examination (MMSE; Fol-
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stein) as their screening tool and required demonstration of a moderately severe
degree of cognitive and functional loss for diagnosis of AD and dementia.

Corrada et al’s (1995) analysis of the discrepancies of age-specific rates of
dementia and AD reported in different studies indicated that some of the meth-
odological sources of variation between studies are epidemiological:ascertain-
ment of a sample rather than the total population, inclusion of both urban and
rural populations, and failure to adjust for false negatives. Another set of factors
was related to the criteria required for the diagnosis of dementia, i.e. how mild
were the cases to be included. The remaining factors were related to the differen-
tial diagnosis of dementing illnesses, particularly AD, vascular dementia, and
dementia due to other illnesses, and whether the investigators used or did not
use laboratory tests, CT scans and the Hachinski score.

These latter sources of variation point to the difficulties inherent in epidemi-
ological studies in accurately differentiating AD and vascular dementia. There is
now evidence from clinical-pathological evaluation of diagnoses in patients who
have been intensively evaluated in specialized dementia centers that while the
positive diagnosis of AD based on the DSMIII or DSMIII-R and the NINDCS/
ADRDA criteria (McKhann et al. 1984) achieves an accuracy of 85-90 %, the
accuracy of diagnosis of the second most common form of dementia, vascular
dementia, is sometimes as low as 50 % (Galasko et al. 1994). This is in part due
to the lack of specificity of the Hachinski scale (Rosen et al. 1980) and in part due
to our current clinical inability to differentiate between AD with stroke associ-
ated with amyloid angiopathy, a manifestation of AD, in hypertensive individuals
(Olichney et al. 1995) and primary atherosclerotic multi-infarct dementia. More-
over, the prevalence studies carried out in the 1980s and 1990s did not take into
account recently described criteria for vascular dementia (Chui et al. 1992;
Roman et al. 1993) or recognition of and development of diagnostic criteria for
non-AD degenerative dementias, including the fronto-temporal dementias and
dementia with Lewy bodies. Because of these diagnostic confounds that are
inherent in the existing epidemiological prevalence studies, we have chosen to
utilize data on the age-specific prevalence rates of dementia rather than of AD in
our projections.

Furthermore, if we are to project costs attributable to dementing disorders,
we need to select age-specific prevalence rates for dementia based upon studies
that have surveyed both community-residing and institutionalized residents of a
community. This criterion eliminates longitudinal studies such as the Framin-
gham survey and practice-based studies such as those from the Mayo Clinic in
Rochester, Minnesota (Kokmen et al. 1996), which was based on clinic and physi-
cian practices. Among the community studies carried out since 1980 that include
both community and institutionalized residents, the East Boston survey utilized
a delayed recall test, a sensitive measure of early cognitive change in AD and
dementia.

Most of the other epidemiological studies that included both community-
residing and institutionalized persons utilized criteria for the diagnosis of
dementia based upon DSMIII (American Psychiatric Association 1980) or the
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1987 version, DSMIII-R, requiring unequivocal evidence of functional decline.
Among these studies the most common screening test used was the Mini-Mental
Status Examination (Folstein et al. 1975) with a cut-off score of 23/24 (30 is the
best possible score) or its equivalent [such as a score of 77/78 (out of 100) on the
3MS].

The cut-off score of 23/24 on the Mini Mental State Examination (MMSE)
had been shown by Folstein et al. (1975) and confirmed by Anthony et al. (1982)
to differentiate patients with dementia from normals and from those with
depression or other psychiatric conditions. This cut-off value has served to
insure that patients who are selected for drug trials or case-control studies are
truly demented. This approach has increased the accuracy of diagnoses (Galasko
et al. 1994) and reduced the number of false positive subjects in epidemiological
surveys, significantly reducing the number of clinical evaluations and hence the
cost. However, it results in false negatives.

Our understanding of the clinical aspects of AD and other dementing ill-
nesses has improved with the recognition that impairment of delayed recall and
reduction in verbal fluency are accurate markers of very mildly impaired patients
despite scores on the MMSE well above 23. The diagnosis of dementia in very
mildly impaired subjects with MMSE scores of 24 or more at first examination
has now become routine in many specialized centers. For example, at the Alzhei-
mer Disease Research Center at the University of California, San Diego, the per-
centage of patients diagnosed as demented on initial examination who had an
MMSE score = 24 increased from 14 % in 1985 to 55 % in 1995. The accuracy of
the diagnosis of dementia in a series of 110 of these research subjects was 94 %,
based upon subsequent follow-up examinations including autopsies in 38
patients. Since the East Boston prevalence and incidence surveys used a sensitive
measure of delayed recall rather than the MMSE to identify patients with demen-
tia, it is likely that their prevalence data differ from studies using the MMSE 23/
24 as a screening tool, because of the East Boston survey’s ability to identify the
very mildly impaired. One could argue that the East Boston prevalence and inci-
dence figures include very mildly demented individuals not identified by the
usual epidemiological approach and more accurately identify the totality of
demented subjects. But the societal and fiscal costs of these mildly impaired
patients have not yet been studied. To determine costs we need to use available
cost surveys and match them with suitable age-specific prevalence numbers.
Therefore for our purposes, the age-specific prevalence data obtained by studies
using this standard MMSE cut-off are appropriate.

Hofman et al. (1991) and Rocca et al. (1991) reported the results of the
EURODEM collaborative reanalysis of the prevalence of AD and dementia. Out of
23 European data sets available, they identified six that met other criteria and
included both community and institutional subjects, constituting a sample of
5671 persons over the age of 60, including 1640 age 80 and over. All but one of
these six selected surveys used the MMSE 23/24 cut-off score for subject screen-
ing prior to being evaluated for dementia. A similar but larger, multi-site survey
was carried out by the Canadian Study of Health and Aging in nine Canadian



8 R. Katzman and P. J. Fox

provinces in 1990 to 1992 using a score of 78 (out of 100) on the 3MS mental sta-
tus test as their screening instrument, a score similar to the 23/24 on the MMSE.
The Canadian study included 9008 subjects age 65 and older in the comunity and
1225 in institutions. Moreover, there were 1858 subjects 85 years and older. Their
data on the very elderly are of particular importance since the EURODEM analy-
sis included only 107 subjects age 90-94 and none age 95 or over, whereas the
Canadian study included 371 age 90-94 and 104 in the 95 years and older sample
(Canadian Study of Health and Aging 1994; Ebly et al. 1994). It is striking that the
prevalence of dementia in the Canadian sample of subjects age 95 and older was
58 %, the number to which the Jorm et al. (1987) semi-log plot of dementia prev-
alence vs age projects, although in the original Jorm data set there were no sub-
jects in that advanced age group to include in their analysis. Since the most rap-
idly rising portion of the population in the next century is these very elderly, we
will therefore use the age-specific prevalence figures from the Canadian Study of
Health and Aging in our calculations.

Projections of the Prevalence of Dementia

Table 3 shows our projections of the number of demented subjects in the more
developed countries in the years 2000, 2025 und 2050 and for six individual devel-
oped countries — Canada, France, Italy, Sweden, United Kingdom and the United
States — for which there are data for the formal or informal costs of care, as well
as for China and Japan. We also provide projections in regard to the number

Table 3. Projected numbers of cases of dementia (in thousands)

2000 2025% 2050°
More developed® 13520 21228 36736
Less developed® 8575 25392 67920
World-wide 22095 46620 104656
Canada 309 649 1140
France 765 1182 1972
Italy 810 1152 1973
Sweden 119 179 284
United Kingdom 737 1051 1744
United States 2756 5293 9431
China* 3934 8308 23290
Japan 1669 2718 4263

2 population projections are the 1998 Middle Series (United Nations).

® Prevalence estimates in developed countries based upon Canadian Study of Health and Aging
adjusted for changing population structure in years 2025 and 2050 (Canadian Study of Health and
Aging Working Group 1994; Ebly et al. 1994).

<) Prevalence estimates for less developed countries on assumption that 2025 age distribution of the
elderly will be equivalent to that of China in year 2000, based upon projected life expectancies.

9 Prevalence estimates for China based upon Shanghai data and then adjusted for projected changes in
Chinese age structure (Zhang et al. 1990).
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of cases of dementia in these years in China and Japan, countries for which
detailed data on projected population structure are available. In the case of
China, the age distribution of their elderly in 2050 will approach that of the
United States today, whereas Japan will have the highest percentage worldwide of
those over the age of 85.

The 1987 Shanghai survey of dementia (Zhang et al. 1990) meets the criteria
we have used above; it was a community study using DSMIII criteria and the
MMSE as a survey tool. Cut-off points in selecting subjects for a detailed clinical
evaluation were 23/24 on the MMSE for those with six years or more of formal
education, 21/22 for those with less than six years, and 19/20 for those who had
received no education, based on a prior pilot study (Katzman et al. 1988), with
additional evaluation of a 5% sample of subjects who were above cut-off. We now
use the Shanghai age-specific prevalence figure and data available to us on the pro-
jected age distribution of the over 65 Shanghai population in the next half century
to project the number of demented persons in China in the years 2000 and 2025.

Estimates of the number of dementia patients in the less developed world
today can only be an arbitrary guess since there is little or no information avail-
able outside of Southeast Asia. We have used the Shanghai over 65 age distribu-
tion, adjusting for life expectancy, to provide a basis for late-life age distribution
in the less developed countries. However, applying the age-specific prevalence
rates for dementia obtained in Southeast Asia to the remainder of the less devel-
oped world is fraught with uncertainty. Several studies have been conducted in
Latin America but not yet published; initial indications are that these will have
prevalence rates reasonably close to those of Shanghai. The one published survey
from India (Shaji et al. 1996) reports an overall prevalence of dementia about
25 % lower than the Shanghai survey. The one published study from sub-Saharan
Africa (Nigeria; Hendrie et al. 1994) reported prevalence rates very much lower
than those in Shanghai. The length of survival of dementia patients in Nigeria is
unknown but differences in survival may not explain the differences in preva-
lence (Hendrie, personal communication). It is interesting that the data in regard
to the prevalence of dementia observed in Nigeria differ from the prevalence of
dementia in Afro-Americans in Indianapolis, Indiana, although the two studies
used similar methods (Hendrie et al. 1994). Hence the application of the Shang-
hai prevalence estimates to less developed countries such as India, Middle East-
ern countries or African countries is arbitrary and may overstate the magnitude
of the current problem.

Incidence of Dementia

Epidemiological studies of the prevalence of dementia and AD in those age 65
and older have shown wide variation, from 4 to 12 %, as discussed above. In con-
trast to the prevalence surveys, many of the reported incidence studies show a
much narrower range of variation in age-specific incidence rates. Recent inci-
dence data from Hisayama (Ueda et al. 1992; Yoshitake et al. 1995), North Man-
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Table 4. Comparison of

projected incident cases of AD 1996 2050

and invasive cancer .

(in thousands) Cancer, invasive 1,272 2,763
AD? 750 2,476

 Projection based upon East Boston age-specific incidence rates
(Hebert et al. 1996).

hattan (Tang et al. 1998) and the Baltimore Longitudinal Survey of Dementia
(Brookmeyer et al. 1998) are similar to those of East Boston (Hebert et al. 1995).
Surprisingly, the incidence rates in the East Boston and Shanghai surveys (Yu et
al., in preparation) are similar. If the adjusted age-specific incidence figures
obtained in the Shanghai survey are applied to the 1996 US population distribu-
tion, the annual incidence rate would be 2.1 % per year in those age 65 and over,
almost identical to the 2.2% per year obtained if one utilizes the age-specific
incidence rates reported in East Boston (Hebert et al. 1995). The differences in
prevalence found between Shanghai and East Boston may be attributable in part
to the shorter life expectancy of demented subjects in Shanghai.

If the age-specific incidence estimates of AD in East Boston are projected to
the US population in 2050, the number of new or incident cases of AD will be 2.5
million per year. This number is close to the 2.7 million new cases of cancer pro-
jected in the United States in 2050 (Table 4). These projections assume that there
will be no progress in preventing or delaying the onset of either disease. If cur-
rent prospects of new therapeutic approaches to cancer achieve even modest suc-
cess, the dementing illnesses may become the second most important set of dis-
eases by the middle of the next century.

The Economic Burden of Dementia

When considering the estimation of the economic burden of AD cross-nationally,
difficulties in comparisons arise due to substantial methodological variations that
exist in published reports, as well as differences in the structure of health and long-
term care systems that contribute to the overall costs of caring for people with AD
and related dementias. Some studies estimate average per capita or national costs
based on a set of assumptions applied to national data (Gray and Fenn 1993; Hay
and Ernst 1987; Ernst and Hay 1994; Wimo et al. 1997; Huang et al. 1988), whereas
others rely on the collection of primary data from samples of demented people
which vary in size from tens to thousands of patients (@stbye and Crosse 1994; Hu
et al. 1986; Souétre et al. 1995; Stommel et al. 1994; Weinberger et al. 1993; Rice et
al. 1993; Max et al. 1995; Cavallo and Fattore 1997; Welch et al. 1992).

To complicate matters further, studies consider different cost components.
While almost all published studies available in English consider both direct (i.e.,
costs that result in actual monetary expenditures, such as paying for a home care
worker) and indirect (i.e., costs that do not result in actual monetary expenditures
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such as the time a wife spends helping her demented spouse) costs, the components
of each differ to varying degrees from study to study. While most studies include
estimates of hospital care, physician visits, medications, and institutional care as
part of direct cost calculations, a much smaller proportion include dementia-related
research or diagnostic costs. Most studies also include indirect costs associated with
valuing unpaid caregiver time assisting demented persons, but a much smaller pro-
portion include costs associated with premature mortality and lost producitivity
attributable to AD and related dementias. Matters are complicated even further in
that some studies focus specifically on persons with AD whereas others include peo-
ple with multiple types of dementing disorders. In spite of these analytical differ-
ences, these studies provide the only published data upon which to base national
cost estimates for the care of people with AD in these countries.

To estimate the per capita costs in 1998 dollars, we identified the per capita
average annual cost of care for people with AD or a related dementia. If the total
was not reported in US dollars, we made the conversion based on 1996 foreign
exchange rates. We then inflated the average to 1998 dollars using the particular
nations’s five-year (1992-96) average inflation rate. To estimate total costs per
country, we then multiplied the per capita average by the estimated number of
cases of AD for the years 2000, 2025, and 2050. Table 5 displays the annual per
patient cost estimates for these six countries and projects total costs as well as
percentage increases for the first half of the twenty-first century.

When projecting such costs into the future, we have made the following sim-
plifying assumptions:

e Costs attributable to people with dementia are the same as those attributable
specifically to people with AD.

e Calculated annual per person cost averages are constant across all segments of
the population with AD in a particular country.

e The total social costs of caring for people with AD in institutions is the same
as for people with AD who reside in their homes, although there is substantial
variation as to the proportion of total costs accounted for by direct and indi-
rect elements.

e The per capita costs will be the same in 2000, 2025, and 2050 as they are esti-
mated to be in 1998.

Table 5. Cost of dementia care: estimates for selected countries in first half of the twenty-first century

Annual per patient  US$ in billions® Increase Increase 50-year total
cost estimate 2000-2025 2025-2050 increase
Country (1998 US$) 2000 2025 2050 (%) (%) (%)
Canada 11,210 34 73 12.8 115 75 276
England 15,454 4.7 6.8 11.2 45 65 138
France 64,800 11.8 183 305 55 67 158
Italy 15,187 52.5 747 124.6 42 67 137
Sweden 6,452 1.8 2.7 4.3 50 59 139
United States 40,622 111.9 215.0 383.1 92 78 242

» 1998 dollars.
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Projected Estimates of the Cost of Caring for People with Alzheimer’s Disease:
England

The only English study of the costs of caring for people with AD (Gray and Fenn
1993) estimated the annual cost in England at £ 1.039 billion. This study did not
include an imputed value for unpaid informal caring services provided by family
members. Other studies have shown that this accounts for the greatest portion of
the costs of caring for people with AD, ranging from a high of 76 % (Huang et al.
1988) to a low of 36 % (Souétre et al. 1995) of total care costs. As such, the cost
calculations for the UK will be substantially lower than for other countries.

To estimate the cost of informal care for England, we took the midpoint of
the published ranges as the estimated proportion of total costs accounted for by
unpaid caregiving assistance. This yields a figure of 56 % of total costs attribut-
able to informal care provision, which is very close to the 51 % estimated for the
US by Ernst and Hay (1987). Applying this percentage to the Gray and Fenn
(1993) 1990-91 cost estimate of £ 1.039 billion yields an estimated total cost of
£ 2.36 billion pounds for England. Assuming a 2.7 % average annual inflation rate
(18.9 % total inflation from 1992-98) yields a total cost estimate of £ 2.81 billion.
Using an exchange rate of £ 0.641 per dollar ($ 1.56 per pound), the total 1998
cost of care estimate for England is $ 4.4 billion.

Given the estimated number of prevalent cases of AD in the 65 years and
older population in England (8.7 % of those 65 years and older or 681,943 people
with AD) and dividing that by the total estimated costs yields a per capita care
annual cost estimate of approximately $ 6,452. Using this estimate and assuming
that the per capita cost for England reflects the UK, we applied the figure to the
projected prevalence of AD in the UK in the years 2000, 2025, and 2050 and we
arrived at an annual AD burden of approximately $ 4.8 billion, $ 6.8 billion, and
$ 11.2 billion, respectively.

France

The 1991 per capita annual costs of AD in France have been estimated to be
approximately $ 13,556 (Souétre et al. 1995). Applying a 2 % average annual infla-
tion rate (14 % total from 1992-98) results in a 1998 estimate of $ 15,454. Apply-
ing this per person estimate to projected prevalence figures for 2000, 2025, and
2050 yields economic cost estimates for France of $ 11.8 billion, $ 18.3 billion,
and $ 30.5 billion, respectively.

Canada
The 1991 per capita annual costs of AD in Canada have been estimated to be

approximately $ 13,900 Canadian (@stbye and Crosse 1994). Using an exchange
rate of $1.37 and applying a 1.5% annual inflation rate (10.5% total from
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1992-98) results in a 1998 estimate of $ 11,210. Applying this per person estimate
to projected prevalence figures for 2000, 2025, and 2050 yields economic cost
estimates for Canada of $ 3.5 billion, $ 7.3 billion, and $ 12.8 billion, respectively.

Italy

The 1995 per capita annual costs of non-medical care for people with AD in the
Lombardy region of Italy have been estimated to be approximately $ 52,954
(Cavallo and Fattore 1997). Applying a 4.6 % average annual inflation rate (13.8 %
total for 1996-1998) results in a 1998 estimate of $ 60,261. Since this estimate
does not include medical care associated with the care of people with AD, we
estimated from other published studies what those costs may be based on the
proportion of total costs accounted for by medical care. Medical care costs for
this group have been reported to account for between a high of 11 % (Souétre et
al. 1995) and a low of 3.4% (@stbye and Crosse 1994) based on studies of the
costs of caring of people with AD in other countries. Using the midpoint of the
range, we estimate medical care costs to constitute approximately 7 % of total
costs. Applying this estimate to the present study yields a total annual per capita
cost estimate of approximately $ 64,800. Applying this per person estimate to
projected prevalence figures for 2000, 2025, and 2050 yields economic cost esti-
mates for Italy of $ 52.5 billion, $ 74.7 billion, and $ 124.6 billion, respectively.

Sweden

The 1991 per capita annual costs of AD in Sweden have been estimated to be
approximately $ 13,003 (Wimo et al. 1997). Applying a 2.4 % annual inflation rate
(16.8 % total from 1992-98) results in a 1998 estimate of $ 15,187. Applying this
per person estimate to projected prevalence figures for 2000, 2025, and 2050
yields economic cost estimates for Sweden of $ 1.8 billion, $ 2.7 billion, and $ 4.3
billion, respectively.

United States

Per capita annual costs of AD in the US have been estimated to range from a low
of $ 11,261 (Huang et al. 1988) to a high of $ 52,600 (Weinberger et al. 1993). Con-
verting these estimates into 1998 dollars assuming a 2.8 % average annual infla-
tion rate yields an annual range of from $ 15,360 to $ 65,885. Using the midpoint
of this range yields an annual estimated per person cost of $ 40,622. Applying
this per person estimate to projected prevalence figures for 2000, 2025, and 2050
yields economic cost estimates for the US of $ 111.9 billion, $ 215.0, and $ 383.1
billion, respectively.
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Discussion

Because of different cost estimation methodologies used, as well as the varying
structure of the health and long-term care systems in the countries for which AD
cost studies are available, substantial variations exist when examining per capital-
annual costs associated with the care of people with AD. Where practical, we have
attempted to estimate some costs that may have not been accounted for in the
original research. For example, we estimated the cost of informal care in England
and the cost of medical care services in Italy, both of which were excluded from
consideration in the respective studies. The adjustments are relatively crude, but
they help to improve comparability of the estimates across studies.

Because of the wide variation in per capita cost estimates, it is more instruc-
tive to compare the increase in total costs as the aging of the populations occur.
As shown in Table 5, for all nations considered, the estimated increase in costs
associated with the care of people with AD will rise dramatically in the next 50
years from a high 276 % increase in Canada to a low 137 % increase in Italy. The
“true” costs of caring for people with AD in the countries is difficult to compare
because of:

1) the inclusion of different cost elements;

2) the use of different values to impute an economic value to non-paid care pro-
vision;

3) consistent lack of data on costs associated with caring for demented people in
institutional versus community-resident living arrangements;

4) cross-national differences in the structure and financing of health and long-
term care; and

5) problems inherent in attempting to calculate the costs of a demented popula-
tion’s care based on studies consisting of nonrepresentative samples.

In spite of these difficulties, it is clear that the rough estimates we have derived
from published studies of the cost of caring for people with AD, without excep-
tion, indicate a substantial increase in the costs of caring for increasingly large
numbers of people with AD and related dementias.
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Predicting Who Will Develop Alzheimer’s Disease

R. Mayeux*

Introduction

Despite several decades of remarkable progress in research, Alzheimer’s disease
remains the most frequent cause of dementia and one of the most disabling dis-
eases among the elderly. Traditionally, the definitive diagnosis of Alzheimer’s dis-
ease has been reserved for the postmortem examination. A general loss of neu-
rons, the deposition of B-amyloid in the form of dense plaques with neuritic ele-
ments and the presence of neurofibrillary tangles that contain intraneuronal
paired helical filaments composed of an abnormally phosphorylated tau protein
are the defining morphological characteristics of this disease. However, recently
it has become evident that the clinical diagnosis is remarkably accurate (Burns et
al. 1990; Wade et al. 1987; Risse et al. 1990; Gearing et al. 1995); evident that the
clinical diagnosis is remarkably accurate the antemortem diagnosis is correct
90 % of the time (Mayeux et al. 1998). A decline in memory and the loss of other
cognitive skills in an elderly individual without other medical or psychiatric ill-
ness usually lead to a clinical assessment in which the diagnosis of Alzheimer’s
disease is considered.

The preclinical or “asymptomatic” diagnosis of Alzheimer’s disease is an
important goal and one that is actively being researched. Brain imaging (Van
Gool et al. 1995; Lavenu et al. 1997), psychological testing (Masur et al. 1994;
Jacobs et al. 1995) and other (Lee et al. 1996) procedures have been used to iden-
tify individuals who either do not have symptoms or signs or have only minimal
indications of Alzheimer’s disease. These methods, while encouraging, may not
be appropriate for use in primary or secondary prevention. Individuals with sub-
tle brain lesions or evidence of cognitive failure may already have profound path-
ological changes. For primary and secondary prevention, the task of determining
who will develop Alzheimer’s disease before there are any clinical signs or symp-
toms or any indications of pathology is a daunting task, but one that is essential.

It has become clear that several genes can play a role in the etiology and
pathogenesis of Alzheimer’s disease. Mutations in the amyloid precursor protein
(APP) and presenilin I and II (PS1, PS2) result in a dominantly inherited form of
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the disease that usually begins before the age of 60 years and has been found to
alter amyloid § (AP) protein metabolism, a major constituent of the neuritic
plaque found in the brains of patients with Alzheimer’s disease. Mutations in
these three genes account for more than half of the patients with this form of the
disease, but these early-onset familial forms probably represent less than 5% of
afflicted individuals.

Familial and sporadic forms of Alzheimer’s disease occurring later in life have
been associated with the €4 polymorphism in the gene encoding apolipoprotein-E
(APOE). The attributable risk for APOE-e4 may be as high as 40 % in some popu-
lations. However, the strength of the association between APOE-€4 and Alzhei-
mer’s disease varies with age (Evans et al. 1997a; Farrer et al. 1997), ethnic back-
ground (Maestre et al. 1995; Tang et al. 1998), heart disease (Hofman et al. 1997)
and other risk factors (Mayeux et al. 1995). Nevertheless, the APOE genotype has
become one of the most important determinants of Alzheimer’s disease.

Other genes or even environmental factors are also likely to be related or
influence the risk of developing any form of Alzheimer’s disease. The risk of dis-
ease may depend on the number and impact of the contributing risk factors
rather than on the presence or absence of a single polymorphism or exposure to
a single risk factor. Any two individuals with different genetic backgrounds or
with different environmental exposures would be expected to differ in their risk
of developing Alzheimer’s disease, even if they both had the same APOE geno-
type. In fact, as will be discussed here, other genes and risk factors that could
interact with APOE-g4 have already been identified. Nevertheless, our genetic
background is established at birth long before any signs or symptoms of Alzhei-
mer’s disease have begun. It is therefore quite possible that risk assessment will
depend almost entirely on a genetic analysis that includes some information
regarding exposure to other factors.

Measurement of Disease Risk in Alzheimer’s Disease

To establish a cause in epidemiology requires that individuals exposed to a risk
factor be clearly distinguished from those not exposed. Similarly, those individu-
als with disease should be differentiated from those who are disease free, which
is usually clear in this disease. The measurement of risk is relative, in which the
probability of developing disease associated with a particular risk factor is com-
pared to the probability of developing disease in its absence. The two frequently
used measures of association forming the basis for estimating disease risk are the
odds ratio and the relative risk. The odds ratio, usually calculated from cross-
sectional or case-control studies, is the ratio of the odds that a case has the
genetic mutation or polymorphism in question or has been exposed to a risk fac-
tor compared with the odds that a control has similar genetic background or
exposure. For prospective cohort studies, where genotype and exposure informa-
tion are obtained before disease occurs, the relative risk is calculated; that is, the
risk of developing disease among gene carriers or those exposed to the risk
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among those without the gene or those unexposed. Both the odds ratio and the
relative risk reflect the magnitude of the association between a disease like Alz-
heimer’s disease and a specific mutation in a gene or an environmental factor.
Risk can also be measured in terms of absolute differences, in which the rate of
disease among those exposed to the risk factor is estimated by subtracting the
rate of disease among those unexposed. The risk difference, or attributable risk,
is not as broadly used but estimates the degree of risk related to a particular risk
factor after all other factors related to the disease are considered. These related
measurements that can be used to estimate the disease burden attributable to a
particular factor include the calculation of attributable risk.

Evaluating the association between individual risk factors and Alzheimer’s
disease can be subject to several potential sources of bias. This is most evident in
case-control studies in which the history of exposure is ascertained from an
informant, not the patient. Bias in the recall of specific exposures and the tempo-
ral order of the association seriously limit the interpretation and usefulness of
some observations. Even when the risk factor is a genetic polymorphism in a
case-control study, the possibility that the association is related to survival can-
not be eliminated entirely. Several major prospective studies have identified ante-
cedent factors that may lend themselves to an accurate method for establishing
who is at risk for Alzheimer’s disease.

Antecedent Factors Associated with Alzheimer’s Disease
Age

The proportion of individuals with Alzheimer’s disease increases with each
decade of life to a peak after age 80 of approximately 30 % to 40 %. Incidence
rates, which reflect the number of new cases in a given time period, also follow
this age-related trend, with the peak incidence of between 6 % and 8 % occurring
after age 80. In East Boston, Evans et al. (1989) reported that the proportion of
individuals with Alzheimer’s disease, including both mild and severe forms,
increases 15-fold from 3 % between the ages of 65 and 74 to 47 % for those age 85
and older. The number of new cases developing each year also rises steadily
between these ages, from 0.5 % per year between ages 65 and 70 to nearly 6 % to
8 % after age 85 (Herbert et al. 1995). There are insufficient data among individu-
als over 85 years of age to draw specific conclusions, but the trend appears to
continue (Rocca et al. 1998). While younger individuals can and do develop Alz-
heimer’s disease, it remains a rare occurrence before the age of 50.

Some, but not all, of the pathological features of Alzheimer’s disease occur in
the brains of normal elderly who die without a history of dementia. However,
Alzheimer’s disease is clearly distinguishable from normal age-related changes,
indicating that it is a specific disease process. Thus, while advancing age is
strongly associated with an increased risk of developing the disease, it is not a
direct cause; neither is Alzheimer’s disease a consequence of the aging process.
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Gender

The frequency of Alzheimer’s disease may be higher among women than men
(Rocca et al. 1990; Zhang et al. 1990), though not all investigations have found
this trend (Fratiglioni et al. 1991; Fichter et al. 1995). In several studies the overall
incidence rates for Alzheimer’s disease were higher for women than men (Katz-
man et al. 1989; Rocca et al. 1991; Gussekloo et al. 1995). Among individuals aged
85 years or more, Gussekloo et al. (1995) found a higher risk for women than
men (8.9% vs 2.7%), but others have not observed differences for men and
women (Letenneur et al. 1994).

APOE-¢4 related risk may be higher among women than men, but this issue
remains controversial. Farrer et al. (1995) found that the risk of developing Alz-
heimer’s disease was higher among female, compared to male, relatives of
patients. Devi et al. (1998) confirmed this observation among female relatives of
patients who were African-Americans, Caucasians and Hispanics. Corder et al.
(1995) suggested that men with Alzheimer’s disease do not survive as well as
women with this disease. Therefore, women appear to have a slightly higher risk
of Alzheimer’s disease and survive longer than men once the disease has begun.
As with advancing age, gender may be indirectly associated with the cause of Alz-
heimer’s disease but is not a direct cause.

Education and Occupation

The risk of Alzheimer’s disease has been consistently observed to be higher
among individuals with little or no formal education (Zhang et al. 1990; Rocca et
al. 1991; Stern et al. 1994). Adjusting for age and gender, Stern et al. (1994)
reported that the relative risk of developing AD was increased two-fold among
those with less than eight years of education or with low occupational attain-
ment. There have been two studies that found no difference in risk related to edu-
cation. Using the record-linkage system from the Mayo Clinic in Rochester, Beard
et al. (1992) found no difference between the educational level of cases with Alz-
heimer’s disease and controls who had been matched to cases on gender, age and
duration of medical record. Cobb et al. (1995), using data from the Framingham
study of incident dementia and Alzheimer’s disease, concluded that low educa-
tional attainment was not a risk factor. It is possible that the range of education
in the Rochester cohort and that in Framingham was sufficiently homogeneous
as to preclude the identification of education as a risk factor.

Education may represent a proxy for other exposures that are the actual risk
factors. Individuals with less education might be exposed to unique toxic or envi-
ronmental exposures or nutritional deficiencies that have not, as yet, been char-
acterized. Evans et al. (1997b) have suggested that the process of education
increases synaptic growth and thereby provides a clinical reserve against the
pathological consequences of Alzheimer’s disease.
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Traumatic Head Injury

An association between Alzheimer’s disease and prior traumatic head injury has
been observed by several investigators (Mayeux et al. 1993, 1995; Canadian Study
of Health and Aging 1994; Rasmusson et al. 1995; O’Meara et al. 1997). Even for
studies in which the association was not statistically significant, the frequency of
head injury was always increased in patients compared with controls. Because
earlier studies were retrospective in design, each may have been affected by recall
bias and it was impossible to establish the temporal relationship between the
onset of dementia and the head injury. Two prospective cohort studies failed to
find an association between Alzheimer’s disease and head injury (Katzman et al.
1989; Williams et al. 1991), but Schofield et al. (1997) found that a history of head
injury was associated with earlier onset of AD in a prospective cohort study. A
head injury that occurred after the age of 45 years was associated with a in-fold
increase in the risk of AD (Schofield et al. 1997).

An up-regulation of the amyloid precursor protein (APP) suggests increased
amyloid deposition as a consequence of head injury (Roberts et al. 1994). Head
injury might also cause neuronal loss that results directly in cognitive impair-
ment or might increase susceptibility to Alzheimer’s disease.

Down Syndrome

Virtually every individual with Down Syndrome living to age 40 develops the
pathological changes of Alzheimer’s disease in brain (Mann and Esiri 1989).
Many patients with Down Syndrome, though not all, have an associated cognitive
decline. Because the gene encoding APP, is located on chromosome 21, it seems
very likely that the development of Alzheimer’s disease in the brain of individuals
with Down’s syndrome is an immediate consequence of excess amyloid produc-
tion, due to the trisomic gene. A is a secreted peptide that yields AB1-40 and
AP1-42, both of which are in varying concentrations in cerebrospinal fluid (CSF)
and plasma (Scheuner et al. 1996). In familial Alzheimer’s disease caused by
mutations in the APP, PSI and PSII genes and in Down Syndrome, plasma levels
of AP42 are elevated relative to controls and individuals without these gene muta-
tions (Scheuner et al. 1996; Kosaka et al. 1997).

The risk of Alzheimer’s disease associated with a family history of Down Syn-
drome appears to be increased two- to three-fold. Schupf et al. (1994) investi-
gated the familial risk of Alzheimer’s disease among the families of adults with
Down Syndrome. Because most of the nondisjunction events in Down Syndrome
are of maternal origin, they postulated that an increased frequency of Alzhei-
mer’s disease might be present among mothers but not fathers. They proposed
that this shared susceptibility involves an accelerated aging process, leading to
the birth of a child with Down Syndrome in relatively young mothers and to
increased risk of dementia in the mother as well as her relatives. Indeed, among
the family members of persons with Down Syndrome they found the risk of an
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Alzheimer’s disease-like dementia among mothers who were young (less than 35
years old) when their child with Down Syndrome was born was five times that of
mothers who had children with other types of mental retardation, whereas the
risks of dementia among mothers who were older (over age 35) at the proband’s
birth were comparable to those of mothers of children with other types of mental
retardation.

Family History and Genetic Mutations and Polymorphisms

The risk of developing Alzheimer’s disease may be increase two- to four-fold
among individuals who have a first degree relative with the disease, and the risk
may be even higher when two or more relatives are affected (Devi et al. 1998; van
Duijn et al. 1991). While the familial occurrence of a disease may reflect non-
genetic mechanisms, such as shared environmental exposures, the overwhelming
consensus is that genes play a major role in the etiology of Alzheimer’s disease.

Familial Alzheimer’s disease, inherited in an autosomal dominant pattern,
has been described in numerous families worldwide (Bird 1994). Although
affected individuals from these kindreds comprise a small proportion of Alzhei-
mer’s disease overall, the studies of these families are of major importance
because they provide clues to the fundamental mechanisms of the disease. As
described earlier, genes on three different chromosomes have been found in fam-
ilies with autosomal dominant Alzheimer’s disease beginning before the fifth
decade of life (St Georg-Hyslop et al. 1987, 1992; Sherrington et al. 1995; Levy-
Lahad et al. 1995a, b). Mutations in the APP gene on chromosome 21 results in
an overexpression of the 3 amyloid protein and the accumulation of amyloid
deposits in brain, but how this causes Alzheimer’s disease is unknown (Selkoe
1997; Hutton and Hardy 1997). The presenilin genes on chromosome 14 (PSI)
and chromosome 1 (PSII) encode similar transmembrane proteins (Sherrington
et al. 1995; Levy-Lahad et al. 1995a, b; Kovacs et al. 1996) that are involved in
intercellular signaling (Levitan and Greenwald 1995) and amyloid metabolism
(Scheuner et al. 1996).

Phenotypes associated with each of these mutations differ in that PS1 is asso-
ciated with a rapidly progressive form of the disease beginning betweeen the ages
of 30 and 40 years and complete penetrance, whereas the PS2 mutation has a
more variable age-at-onset with incomplete penetrance. Mutations in the APP
gene have been associated with onset between the ages of 40 and 60 years of age.
Age at onset within the APP families appears consistent, but can be modified by
other factors such as the APOE. These three genes are considered deterministic,
in that individuals with these mutations almost always develop the disease phe-
notype.

The pioneering work of Pericak-Vance et al. (1991) led to the eventual associ-
ation between APOE-g4 and Alzheimer’s disease, now replicated in laboratories
worldwide (Farrer et al. 1997; Roses 1996). The evidence supporting APOE-g4 as
a susceptibility gene has been compelling: 1) in Caucasians, APOE-€2, and to a
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lesser extent €3, reduces risk (Corder et al. 1994); 2) APOE-¢4 decreases the age-
at-onset of familial AD with the APP mutation (Levy-Lahad and Bird 1996); 3)
APOE-¢4 decreases the age-at-onset of dementia in Down Syndrome (Schupf et
al. 1996). In familial late-onset Alzheimer’s disease, each €4 allele lowers the age-
at-onset by 7 to 9 years (Corder et al. 1993). Individuals with one €4 allele have a
25 to 40 % chance of developing Alzheimer’s disease, but individuals without the
€4 allele are still at risk. The risk of Alzheimer’s disease related to the APOE-g4
allele was reported to be weaker in Hispanics, Africans and African-Americans
than in Caucasians (Farrer et al. 1997; Maestre et al. 1995; Tang et al. 1998) and
there was no protective effect of APOE-€2 (Hendrie et al. 1995; Sahota et al.
1997). In the absence of an APOE-¢4 allele, the absolute risk of Alzheimer’s dis-
ease is four times higher for African-Americans and three times higher for His-
panics compared with Caucasians (Tang et al. 1998). In comparison the absolute
risk of Alzheimer’s disease with an APOE-¢4 allele was similar across the ethnic
groups.

APOE is the most upstream member of a large cluster of apolipoprotein
genes that are co-regulated in some tissues by the interaction of the promoters of
the individual genes with a set of shared enhancer elements (Simonet et al. 1991,
1993; Smit et al. 1988). A number of preliminary studies have shown that a
sequence variant in the promoter of the APOC1 gene, located near APOE and
variants in the APOE promoter regions, associates strongly with AD in Caucasian
populations (Chartier-Hardlin et al. 1994; Poduslo et al. 1995; Bullido et al. 1998).

Polymorphisms in several other genes have been associated with Alzheimer’s
disease, though most lack independent confirmation. An intron in the PS1 gene
(Wragg et al. 1996; Higuchi et al. 1996; Kehoe et al. 1996), the alpha-1 antichymo-
trypsin gene (Kamboh et al. 1995; Gilfix and Briones 1997; Haines et al. 1996)
HLA-A2 (Payami et al. 1997) and butyrylcholinesterase (Lehmann et al. 1997)
may also harbor polymorphisms altering AD risk independently or by interac-
tion with APOE. A mutation found in 70 % of Alzheimer’s disease patients in the
cytochrome c oxidase genes in the mitochondrial genome (Davis et al. 1997) has
been identified by Hirano et al. (1997) and others (Wallace et al. 1997) to be a
nuclear encoded pseudogene. Polymorphisms in the gene encoding bleomycin
hydroxylase on chromosome 17 have been associated with late-onset sporadic
Alzheimer’s disease in one study, but remains unconfirmed (Farrer et al. 1998).

Pericak-Vance et al. (1997) and Rogaeva et al. (1998) found linkage to chro-
mosome 12 in families with Alzheimer’s disease, independent of the APOE-e4
allele. Wu et al. (1998) were unable to confirm the linkage but, using the same
families, Blacker et al. (1998) reported an association with the alpha-2-
macroglobulin gene on chromosome 12 near the linkage site. The genetic associ-
ation to the alpha-2 macroglobulin gene has not yet been confirmed.
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Risk Assessment Leads to Disease Prevention

Risk factors represent characteristics in personal behavior or lifestyle, an envi-
ronmental exposure, or an inherited gene that, on the basis of epidemiologic evi-
dence, are associated with disease. By virtue of their presence, risk factors indi-
cate individuals who are at higher (or lower) risk of disease relative to individuals
without the risk factor. Modification of these risk factors may reduce the chances
of developing the disease, delay the onset of disease or prevent the disease alto-
gether. Preventing disease by these means requires early detection by screening
individuals who carry risk genes or have exposures that influence risk of disease
and are asymptomatic. Unlike case finding, screening for “high risk” individuals
usually involves a community or a stable, healthy population. There are mini-
mum requirements for community-based screening programs, including the fol-
lowing: 1) the disease must be serious or life-threatening; 2) there must be an
effective therapy; 3) the natural history must be understood; and 4) the disease
must not be too rare or too common so that effective screening methods can be
developed.

The possibility of using screening methods to identify individuals susceptible
to Alzheimer’s disease leads to a careful consideration of these requirements. The
disease does shorten life span (88). While there are treatments available, none are
regarded as “effective” by any means. Studies have carefully mapped the natural
history of Alzheimer’s disease (Piccini et al. 1995; Stern et al. 1997 a, b; Heyman
et al. 1997; Thomas et al. 1997; Albert et al. 1997) and it is frequent enough to
deserve our attention.

Primary and secondary prevention would involve identifying healthy men
and women who are at higher than average risk of developing Alzheimer’s dis-
ease. For example, individuals homozygous or heterozygous for the APOE-g4
allele or those with a family history of Alzheimer’s disease in a parent or sibling
or another risk factor might be considered at “high risk.” It would be reasonable
to start with safe compounds with low adverse effect profiles, such as anti-
inflammatory agents (Stewart et al. 1997), estrogen (Tang et al. 1996) or even
anti-oxidants such as vitamin C (Paleologos et al. 1998). However, strategies for
effective primary or secondary prevention are only now being developed. None-
theless, in the future ascertainment of genetic profiles and risk assessment will
most likely be used to identify individuals at risk for Alzheimer’s disease.
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Alzheimer’s Disease

J. Tol, A. . C. Slooter, C. M. van Duijn*

Summary

In recent years, considerable progress has been made in unravelling the genetic
etiology of Alzheimer’s disease (AD). Three genes have been identified that are
involved in the autosomal dominant forms of early-onset AD: the 3-amyloid pre-
cursor protein gene (APP) and two homologous genes, presenilin 1 (PS-1) and
presenilin 2 (PS-2). Mutations in each of these genes have been found to be rare.
Screening a population-based sample of patients with early-onset AD (<65
years) revealed APP mutations in 0.5 % of the patients, PS-1 mutations in 6 % and
PS-2 mutations in 1 %. Although the risk of AD for carriers of mutations in these
genes is extremely high, the relative contribution of these genes to the occurrence
of disease in the general population is lower than 19%. On the population level,
the apolipoprotein E (APOE) gene is a more important genetic determinant for
early-onset AD as well as for the predominant, late-onset form (90-95 % of the
patients). The APOEA4 allele may explain up to 17 % of AD in the general popula-
tion. A key issue to resolve from a public health point of view will be the interac-
tion of this gene with drugs and other genetic and non-genetic risk factors. Large
scale, long-term follow-up studies, ongoing at present, may clarify this issue.
Another issue to be resolved in AD research will be the identification of other, yet
unknown genes involved in the etiology of AD.

Introduction

AD is a common cause of morbidity and mortality in the elderly (Van Duijn
1996). Clinically, AD is characterized by a progressive decline in intellectual func-
tions. The pathological characteristics of AD include the presence of $-amyloid
in senile plaques and cerebral blood vessel walls and neurofibrillary tangles. Fur-
ther, there are pronounced neurochemical deficits of the cholinergic, serotonin-
ergic and monoaminergic system. It has been long recognized that genetic fac-
tors play a major role in AD (Slooter and Van Duijn 1998). In the past decades,
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important progress has been made in unraveling the genetic etiology of AD. Mul-
tiple genes have been implicated in the pathogenesis of AD (Slooter and Van
Duijn 1998; Van Broeckhoven 1995; Cruts et al. 1998). In this paper, we aim to
review the contribution of genetic factors to the prevalence and incidence of the
disease in the general population.

Methods

To quantify the role of genetic factors in the etiology of AD, epidemiological data
on family history from epidemiological studies were used. Data on family history
were derived from a meta-analysis of seven population-based case-control stud-
ies (Van Duijn et al. 1991). This study comprised a total of 814 AD cases and 894
controls. Although various genes have been associated with AD, findings have
been consistent for four genes (Slooter and Van Duijn 1998). In the relatively rare
early-onset dominant forms, several autosomal dominant genes play a role.
These include the amyloid precursor gene (APP) and the presenilin genes 1 (PS-
1) and 2 (PS-2) (Slooter and Van Duijn 1998; Van Broeckhoven 1995; Cruts et al.
1998). No meta-analysis or pooled data set is available for any of the dominant
genes. To estimate the contribution of these genes to AD, we used a Dutch
population-based sample of presenile AD cases (age of onset <65 years; age at
diagnosis < 70 years). This study involved 100 cases and 118 controls (Cruts et al.
1998). The apolipoprotein E gene (APOE) (Slooter and Van Duijn 1998) has been
implicated in both the early- and late-onset forms of AD. The analysis of the
APOE gene is also based on a large meta-analysis of 47 studies including 5930
cases and 8607 controls (Farrer et al. 1997). Further data on the APOE genotype
in incident AD cases are obtained from a large population-based study con-
ducted in the Netherlands (Slooter et al. 1998).

AD is a multifactorial disease in which several genetic and environmental
factors have been implicated. An individual may develop the disease through sev-
eral pathways. Attributive risks of the exposed were calculated from the odds
ratios (Hennekens and Buring 1987). The attributable risk can be interpreted as
the proportion of patients that carry a genetic factor (mutation/polymorphism)
in whom the disease could have been prevented by blocking the adverse effect
(Rothman 1986; Hennekens and Buring 1987). To calculate the effect of the expo-
sure to a disease in the total study population, we estimated the population
attributable risk as described by Rothman (Rothman 1986). The population
attributable risk will yield an estimate of the contribution of the genetic factor to
the occurence of the disease in a mixed population of genetically susceptible and
non-susceptible subjects.
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Family History

In Table 1, risk estimates are given for family history in first degree relatives (Van
Duijn et al. 1991). In patients with a relatively early onset of AD (onset before the
age of 70 years), familial factors may explain 75-81% of the disease in the
exposed, that is in those with a positive family history. In cases with a positive
family history the disease may be attributed to familial factors (genetic or non-
genetic) in 75-81 %. At the level of the general population, 27-34% of early-
onset AD may be explained by familial factors. In patients with late-onset AD
(onset after the age of 70 years), 57-62 % of the AD cases in the group of individ-
uals with a positive family history may be attributable to familial factors. At the
level of the general population, 21 % of AD may be explained by familial factors.
If we compare the attributable risks of early-onset and late-onset patients, the
influence of familial factors in early-onset AD is more pronounced than in late-
onset AD patients. Yet the contribution of genetic factors is also expected to be
considerable in patients with a late onset of disease.

Table 1. Family history of dementia in relation to the prevalence of AD in population-based studies,
stratified according to age. (Van Duijn et al. 1991)

Age (years) Proportion of Odds ratio Attributable Population
exposed in the risk (%) attributable
cases (%) risk (%)

=59 35.7 4.0 75.0 26.8

60-69 41.5 5.3 81.0 33.6

70-79 36.7 2.3 56.5 20.7

80+ 33.6 2.6 61.5 20.7

Dominant genes

Table 2 provides the frequencies of the autosomal dominant AD genes in a
population-based sample of early-onset AD patients in the Netherlands (Cruts et
al. 1998). Although the frequency of the mutations is low among cases, frequen-
cies in the controls are approaching 0. The latter finding may be explained in

Table 2. Contribution of autosomal dominant mutations in a population-based series of patients with
early-onset AD. (Cruts et al. 1998)

Dominant genes Proportion of 0Odds ratio Attributable Population
exposed in the risk (%) attributable
cases (%) risk (%)

APP 0.5 o« =100 0.5

PS1 6.0 oc =100 6.0

PS2 1.0 oc =100 1.0
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large part by the high risk of AD in carriers. This results in odds ratios that are
infinitive and attributable risks of this early-onset form of AD that approach 100 %.
Thus, in all cases with a dominant mutation and an early onset of AD, the disease
may be attributed to the mutation. It can be shown that, for these high risk muta-
tions, the frequencies in patients will equal the population attributable risk. Muta-
tions in PS-1 are by far most frequent. At the level of the general population, 6 %
of AD in early-onset cases may be explained by PS-1. PS-2 and APP mutations are
far more rare. Mutations in PS-2 are expected to explain 1% of early-onset AD,
APP up to 0.5 %. Although no population-based data are available on the presence
of PS1, PS2 and APP in late-onset AD patients, we have estimated the contribution
of PS-1, PS-2, and APP to the prevalence of disease in the general population. The
rationale of the extrapolation is that all carriers of each of the dominant genes are
likely to show symptoms before the age of 65 (Cruts et al. 1998). Based on
population-based surveys on dementia, we assume that early-onset AD constitutes
less than 1% of the total group of AD patients. It follows from this that the three
dominant genes do not explain more than 0.075 % of the occurrence of all AD.

APOE

In 3s 3 and 4, population data are given for APOE. APOE3/3 carriers are consid-
ered as a reference group. Although the odds ratio is moderately increased for
heterozygotes, heterozygosity of the APOE4 allele may explain up to 17 % of the

Table 3. Contribution of the apolipoprotein E gene to the prevalence of AD in Caucasian patients
(population-based). (Farrer et al. 1997)

APOE genotype Proportion of Odds ratio Attributable Population
exposed in the risk (%) attributable
cases (%) risk (%)

2/4 2.6 2.6 61.5 1.60

3/4 21.3 3.2 68.8 14.7

4/4 1.8 14.9 93.3 1.68

3/3 60.9 1.0

Table 4. Apolipoprotein E and AD in a population-based series of incident patients from the Rotter-
dam Study. (Slooter et al. 1998)

APOE genotype Proportion of Odds ratio Attributable Population
exposed in the risk (%) attributable
cases (%) risk (%)

2/4 2.6 1.3 23.1 0.60

3/4 21.3 1.8 44.4 9.45

4/4 1.8 6.2 83.9 1.51

3/3 60.9 1.0
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disease in the general population, based on the data of the APOE meta-analysis
(Table 3) (Farrer et al. 1997). Despite the fact that APOE4 homozygotes have a
large increase in risk compared to the general population, the contribution to AD
in the general population is limited (<2 %) because of the low prevalence of this
genotype. Despite the overwhelming number of studies suggesting an association
between APOE4 and AD, a limited number of studies were of sufficient size to
address age- and sex-specific risks. For APOE3/4 carriers, the most common AD-
associated APOE genotype in cases, there is some evidence for age- and sex-
specific effects in the meta-analysis by Farrer et al. (1997). The odds ratio for
APOE3/4 was found to be highest at age 65 years in women (OR = 4). For men,
there was no convincing evidence for age- and sex-specific APOE3/4 effects.

A concern in the studies of APOE4 in prevalent AD cases is the fact that
APOE4 may be related to survival of AD. Indeed, odds ratios derived from the
Rotterdam Study were found to be lower in incident AD patients (see Table 4).
Based on the incident cases, up to 12% of AD in the general population may be
explained by APOE4 (Slooter et al. 1998). However, the mean age at onset of the
incident patients was high, 82 years (SD 70 years). It cannot be excluded that
effects are more pronounced at a younger age.

Discussion

In recent years, remarkable progress has been made in the unraveling of the
genetic basis of AD. Genetic research has made a significant contribution to the
understanding of the molecular etiology of the disease. Various mutations in
three genes (APP, PS-1 and PS-2) have been identified which can lead to early-
onset AD in particular. The three proteins causally related to AD have been iden-
tified as the B amyloid, presenilin 1 and 2 proteins. However, from a population
perspective the frequency of mutations at these genes appears to be rare and lim-
ited to autosomal dominant forms of early-onset AD patients. As shown in this
paper, there is a negligible proportion of AD in the population that can be attrib-
uted to these dominant mutations. The APOE4 allele is the only common genetic
risk factor to date that has been consistently associated with AD in numerous
studies. The risk of AD associated with this allele is more moderately increased,
but because of the high frequency of this allele in the population, a larger propor-
tion of AD may be explained by APOE4. Because of its association with the most
prevalent late-onset form of AD, the APOE4 allele may explain up to 17 % of all
disease in the population.

It is clear that other, yet unknown genes must be involved in the etiology of
AD. Genomic searches based on classical linkage studies in extended families that
are multiply affected with AD or in affected sib-pairs have not yielded reproduc-
ible results. There are several problems in the interpretation of these findings.
The power of the family and sib-pair studies has been low, resulting in false nega-
tive or inconclusive findings. Part of the explanation of the negative findings may
be that the disease may often result from an interplay of different genetic and
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environmental risk factors (Van Duijn 1996; Slooter and Van Duijn 1998). To
localize such genes, which by themselves may convey only a moderate increase in
risk of AD, will be difficult. There is a growing interest in the possibility of map-
ping disease genes through association studies using population-based patient
series rather than families (Lander and Schork 1994). The statistical power of
association studies is high to address candidate genes, i.e., genes that are
expected to be involved in the disease. However, the chances of success are lim-
ited at present for genomic screening for yet unknown genes. For genomic
searches, the situation may be more favorable in isolated populations (Lander
and Schork 1994).

Ultimately, the understanding of the role of genetic factors in the risk of AD
may lead to models for the disease that can be used for development of thera-
peutical strategies. Despite the breakthroughs in genetic research in AD, the clin-
ical implications until now have been limited. Clinical counselling for family
planning and risk prediction in asymptomatic carriers are possible for a limited
number of families. However, in the absence of effective therapy or preventive
strategies, the testing of asymptomatic carriers has only been performed on a
limited scale. Unravelling interactions of (susceptibility) genes with preventive/
risk factors may enable targeted preventive strategies. However, these studies
require detailed information about genetic and non-genetic risk factors of AD
from large populations. Large scale, long-term follow-up studies, ongoing at pre-
sent, may further clarify the interaction between genetic and environmental fac-
tors in AD.
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Heterogeneity in Alzheimer’s Disease:
Implications for Epidemiology

T. S. Radebaugh*, M. Ganguli**, and Z. S. Khachaturian*

Summary

It is well established that Alzheimer’s is a heterogeneous disease. The heterogene-
ity in the disease is expressed in several domains, such as the types and patterns
of clinical symptoms, the genetic underpinnings, neuropathological indices, and
responses to pharmacological treatments and interventions. Much of the infor-
mation published on Alzheimer’s disease has been developed from highly
selected patient groups. In the U.S., these patient groups are often Caucasian,
middle class research volunteers. These patient groups do not represent the pop-
ulation of the country or the universe of people with Alzheimer’s disease, and
therefore there are important potential limits to the generalizability of the find-
ings obtained. The demographic changes that are already underway, and will
accelerate in the next decades in many countries in the world, will add new
dimensions to the heterogeneity of the disease. Ultimately, to understand and to
defeat the disease, we must understand the new cohorts of people with the dis-
ease, their genetic, environmental and social characteristics and the interactions
of those characteristics. Furthermore, if we are to enlist participants in research
and develop educational programs and useful and used services, then it is neces-
sary to address a long list of social and behavioral research questions. These
questions will have to be investigated against the backdrop of the anticipated
changes in the demographic and cultural profiles of the people with the disease.
One drug treatment, one behavioral approach, or one model for service pro-
grams will not be adequate to address the needs of all people with Alzheimer’s
disease. It is clear that a single size will not fit all.

Background

The results of recent epidemiological studies, or basic science discoveries bol-
stered and extended by epidemiological research, have had a profound impact on
thinking about Alzheimer’s disease. Three illustrations are: 1) the discovery that
ApoE 4 is a susceptibility gene for Alzheimer’s disease, 2) the national public
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health problem estimated from the prevalence data of East Boston, and 3) the
emerging data indicating the differential distribution of Alzheimer’s disease by
ethnicity. Although epidemiological data have contributed significantly to the
understanding of the disease, there are certain limitations to the generalizability
of the data to other heterogeneous populations.

The vast majority of the clinical, social and behavioral information on Alzhe-
imer’s disease in the U.S. has been derived from highly selected and motivated,
predominantly Caucasian, research volunteers collected in sophisticated tertiary
research centers. The patient research groups do not usually represent any popu-
lation. The goal has frequently been to study Alzheimer’s disease in the most
“pure” state, uncontaminated by other comorbid conditions, medication use, etc.
This may, in some instances, be a desirable research goal. However, it may pro-
vide a skewed view and understanding of the disease as the findings are not refer-
able to the population at large.

Recent advances lead investigators to appreciate that an avenue to under-
standing the biological heterogeneity of the disease at the cellular and genetic
levels must begin with a more refined investigation and analysis of the people
with Alzheimer’s disease. Examination of people with Alzheimer’s disease, their
racial and ethnic backgrounds, co-morbid conditions, and circumstances leading
to various exposures and experiences may provide additional clues to the nature
of and origins of the disease.

Alzheimer’s disease is heterogeneous, in terms of its clinical profile and
comorbidities, the genetic determinants and perhaps risk factors, the social
implications and consequences, and treatment responses and in the caregiving
burden and societal responses. It is accepted by many that there are neuropatho-
logical variants. It may ultimately be determined that Alzheimer’s disease is a
group of disorders, or a final common pathway for many different pathological
processes. It is important to recognize and deal with this fact in research as well
as in practice and policy development. For if we extend studies from tertiary
medical centers and universities into diverse populations, maintaining restrictive
definitions and failing to grasp the implications of the heterogeneity of the study
populations, we may not be able to systematically study the possible hypothe-
sized variants. For example, if people with histories of alcoholism are eliminated
from participation in research on Alzheimer’s disease, it will never be known
whether alcoholism leads to its own unique kind of non-Alzheimer’s dementia or
whether it is a risk factor or risk modifier for Alzheimer’s disease. The same
point can be expanded to include thyroid disorder, B12 deficiency, and so on.

At the moment, there is not a good way of categorizing apparent mixed
dementias (the NINDS-ADRDA category of “possible Alzheimer’s disease” opera-
tionally includes both uncertain and mixed cases). Therefore, the diagnostic cat-
egories, by definition, have prevented the investigation of the role and impact of
comorbid conditions. It must be recognized that most people with Alzheimer’s
disease in the community or in institutions have important concomitant illnesses
that may also impact their mental functioning. The stringency of diagnostic cate-
gories, the removal of patients from analyses because of comorbid conditions,
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the exclusion/inclusion criteria for entrance into investigations, and the low
autopsy rate at many research sites may also be confounding the picture of the
disease.

In addition to considering the more widely discussed scientific and clinical
issues in the heterogeneity of Alzheimer’s disease, the dimensions of heterogene-
ity are being expanded by population changes. It is important that investigators
plan for the demographic changes and understand their implications as these
changes will further complicate how we view the disease and care for people.

Demographic Changes

Many countries are undergoing profound changes in their population structures.

The U.S. is experiencing a huge wave of immigration coupled with changing

birthrates for population groups who are already resident. The U.S. Bureau of the

Census has published massive amounts of data on the current population as well

as projections for the future, much of which can be accessed through the website

(http://www.census.gov). The following list, which presents a few bits of sum-

mary data and projections from the U.S. Bureau of the Census, is illustrative and

was extracted from the website:

e Nearly one in ten people in U.S. is foreign born. (April 9, 1998, announcement
of report “The Foreign-Born Population in the United States: March 1997”
(Update))

e The U.S. is in the midst of a huge immigration wave, including a highly edu-
cated group and a poorly educated group. (April 9, 1998, announcement of
report “The Foreign-Born Population in the United States: March 1997”
(Update)).

e By 2050, Hispanics will be the largest minority group in the U.S., surpassing
African Americans. And by 2050, Non-Hispanic Whites will make up only
slightly more than 50 % of the total population.

e Many states will be non-majority states. They will be so ethnically diverse that
there will be no majority group.

e In 1993, only 22 % of the U.S. population over age 25 had completed college.

e Worldwide, in both developed and developing countries, persons 65 and older
are the fastest growing population group. (October 9, 1996, announcement of
report “World Population Profile: 1996”)

e By 2050, there will be 80 million people over the age of 65 in the U.S.

e The number of women 60 years and over worldwide is expected to more than
double by 2025. (April 14, 1998, announcement of brief “Gender and Aging:
Demographic Dimension”).

Why should investigators in Alzheimer’s disease be cognizant of the current and
projected changes in the populations that they study? The answer is: as the peo-
ple with the disease begin to change, it may affect what research should be done,
how that research is conducted and interpreted and how the disease is under-
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stood. Simply, as the numbers of and social and cultural characteristics of popu-
lations change, there may be corresponding changes in how research should be
structured. The accuracy and nature of the individual projections are less impor-
tant than understanding that the changes ahead in the people with Alzheimer’s
disease in our clinics and service programs will add other dimensions of disease
heterogeneity.

The projected demographic shifts may have important implications for the
distribution of genetic risk factors in the upcoming generations of potential vic-
tims of Alzheimer’s disease. It will be necessary to carefully examine the genetic
heritage of the people from whom samples are obtained for molecular biological
and molecular genetic research and to understand the distribution of purported
genetic risk factors in clearly delineated population groups to which sampled
material may be referred.

Although environmental risk factors are of much interest in epidemiological
research, the area has proved very troublesome to investigators. One could
hypothesize that the exposure to environmental and other risk factors, i.e., edu-
cation, head injury, environmental pollutants, is likely to change in significant
ways as the populations change. Simply, the exposure experience of the upcom-
ing cohorts is likely to be very different from the current and previous cohorts of
demented older people.

The distribution of the cultural groups will not be uniform, but some project,
on the basis of current trends, that the U.S. as a whole will be increasingly segre-
gated into enclaves of people of similar backgrounds, history and expectations.
Each of the groups will bring unique genetic and exposure profiles to the table
which may impact how and when the disease is expressed, resulting in varying
prevalence and incidence rates and contributions of risk factors.

It is possible that the U.S. will also experience changes in the family and care-
giving social structures in the upcoming decades. The dozens of significant eth-
nic and cultural groups hold values, religions, philosophies and expectations that
will affect how services, treatment and care for demented people have to be pro-
vided to be compatible and culturally acceptable.

To engage participants in research (particularly long-term treatment or pre-
vention trials), to effectively transmit information and educational materials
about the disease, and to provide culturally compatible and helpful services, it
will be necessary to have a much better understanding of who the people are and
how their genetic makeup combines with their social and experiential pedigrees.

Behavioral and Social Issues

Reducing the duration of disability and shortening the period of dependency is
the mission of the Alzheimer’s Association scientific program, the Ronald &
Nancy Reagan Research Institute. Therefore, the Behavioral and Social Research
Agenda Steering Committee was established to provide advice to the Alzheimer’s
Association and to the scientific community on the important scientific ques-
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tions in the social and behavioral arenas in Alzheimer’s disease. The goal is to
obtain research data that will help to maximize functioning including the restora-
tion or rehabilitation of lost abilities, prolong independence and maintain, or
improve, the quality of life for as long as possible for the person with Alzheimer’s
disease, white minimizing familial and economic costs. It was clearly recognized
from the outset that the universe of researchable questions was enormous, so the
task was to consider the questions of most importance and immediate conse-
quence to the well being of people with the disease, their families and caregivers.

The Steering Committee is chaired by Dr. Leonard Pearlin (University of
Maryland), and its members are Dr. Charlene Harrington (Univesity of Califor-
nia, San Francisco), Dr. Powell Lawton (Philadelphia Geriatric Center), Dr.
Rhonda Montgomery (University of Kansas), and Dr. Steven Zarit (Pennsylvania
State University). The Steering Committee was convened in December 1997, and
its work has already helped to shape and to form the fiscal year 1999 Program
Announcement of the Alzheimer’s Association. The Program Announcement
describes the grants program and is structured around the scientific theme of
“Interventions” for Alzheimer’s Disease.”

The perspectives and methodologies of epidemiology coupled with the
behavioral and social sciences are particularly important to the next generation
of questions concerning Alzheimer’s disease. This era will require a sophisticated
marriage of demography and population-based field studies with much more
precisely defined questions about the disease, the effectiveness of interventions
and health services research. These data will in turn support the establishment of
better services and programs and the application of effective preventive meas-
ures in the decades to come.

During the last few years, research on the behavioral, social, clinical and
environmental aspects of Alzheimer’s disease has been making impressive prog-
ress.' Further advances will help enhance some of the now available practical
interventions, providing families with help they so desperately need. Because so
little was understood, early research in the social and behavioral aspects of Alz-
heimer’s disease focused on general questions, such as: What happened to
patients and families? What were the stresses? What were the burdens? Who were
the caregivers and what happened to them? Some of the early work demonstrated
that Alzheimer’s disease is heterogeneous. It is now well accepted that the hetero-
geneity characterizes not only people who suffer from the disease, but their fami-
lies as well.

Research aimed at understanding the diversity, complexity and consequences
of caregiving within a cultural and ethnic context, the precise nature of the prob-
lems confronting caregivers through the course of the disease, and the types and
nature of effective interventions is of great importance. It has been clearly estab-
lished and widely accepted that the consequences of the disease are difficult,

! The following discussion of behavioral and social research issues is directly extracted from the 1999
Program Announcement of the Alzheimer’s Association, which can be found on the website:
www.alz.org. It is presented here again to help engage epidemiologists in these questions.



46 S. Radebaugh et al.

but vary by social and structural and environmental characteristics. Investigators
have moved beyond the establishment of and general characterization of care
and management issues to a more refined dissection of the circumstances and
reverberations leading to requirements for care and management. The goal is to
provide carefully delineated targets and timetables for interventions and for the
development of interventions and supportive services that will maintain persons
with Alzheimer’s disease and their families in dignity and independence for as
long as possible.

In view of the enormity of the fiscal and personal problems presented by the
problems occurring during the course of Alzheimer’s disease, research efforts
and clinical trials should be clearly targeted. Some of the most difficult symp-
toms include wandering, aggression, agitation, incontinence and sleep disrup-
tion. The long-term goal is to understand the neurobiological basis of these
symptoms. The more immediate goal is to interrupt or prevent behavioral symp-
toms so that the person with Alzheimer’s disease and the family are not so bat-
tered, to enhance functioning and independence of the person with Alzheimer’s
disease, and to improve the quality of life for the person with Alzheimer’s disease,
the family and caregivers.

Examples of questions that illustrate research needs are presented below.
Each question must be posed and studied in a manner that will address the
demographic changes underway. The answers must be relevant to all groups of
people in need.

e Evaluation research aimed at determining effectiveness, including cost effec-
tivenesses, of practical programs already underway. Chapters of the Alzhei-
mer’s Association, and other organizations, have been very creative in develop-
ing practical programs, but evaluation of the outcomes has been lacking.
There has been no mechanism for finding out what works (or does not), under
what circumstances, for whom and why.

e The use of personal care and attendant services in the home has been growing.
Scant research data exist on these services, the outcomes for the person with
Alzheimer’s disease, cost effectiveness, and conditions under which the ser-
vices are most useful and acceptable. How do the cultural and other social
characteristics of the person with Alzheimer’s disease and the family influence
the use and acceptability of these services?

e Interventions aimed at preventing, interrupting or reducing specific behav-
ioral difficulties (i.e., aggression, wandering, urinary incontinence) associated
with the progression of Alzheimer’s disease are of particular importance.
These interventions must be socially and cultural appropriate.

e There has been substantial research on family caregiving, but many subgroups
of people with Alzheimer’s disease have received little research attention. More
information is required on the problems of low income people, particularly
those who are living alone or who are homeless, and cultural and ethnic
minority groups. What happens to them, what are their needs, how can these
needs be met most effectively?
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e Many investigators have failed to reach goals in recruiting, enrolling and
retaining racial and ethnic minority groups in research studies and clinical tri-
als. Studies that will clarify the barriers to reaching, recruiting, enrolling and
retaining racial and ethnic minorities in Alzheimer’s disease research propos-
als are sought. The studies should also test procedures to eliminate the barriers
and enhance recruitment, retention and satisfaction.

e Direct interventions aimed at improving the cognitive state of the person with
Alzheimer’s disease are needed. The goal is to shift the downward slope of the
functional decline curve.

e What daily activities for persons with Alzheimer’s disease are most supportive
of independence and function at what stage of the disease? How do these activ-
ities vary be previous history of the person with Alzheimer’s disease and with
cultural expectations?

e Assisted living environments are increasingly popular for persons with Alzhei-
mer’s disease. Evaluation research detailing the characteristics of high quality
assisted living environments producing specific outcomes is needed. If these
environments are successful in producing positive outcomes for people with
the disease, does this success directly translate to all cultural and ethnic
groups?

e An estimated 23 % of the adult population is functionally illiterate in the U.S.
and unable to read medical directions. Illiteracy rates vary by minority and
ethnic groups. The impact for medical care, informal and institutional care
and the risks presented by illiteracy must be understood. Programs for
addressing the issues and risks for the illiterate person with Alzheimer’s dis-
ease must be designed and tested.

Conclusions

Enormous strides have been made in the neurobiology of aging and in the dis-
eases of later life, particularly Alzheimer’s disease. The upcoming decades offer
unparalleled promise for the dramatic expansion of neurobiological research, for
unraveling the mechanisms of the disease and for the development of treatments
and preventive interventions. However, the heterogeneity of the new upcoming
cohorts of people with Alzheimer’s disease and their families will present impor-
tant challenges to investigators, clinicians and service providers.



The Epidemiology of Alzheimer’s Disease:
The Role of Estrogen in Reducing Risk

V. W. Henderson*

Summary

Dementia due to Alzheimer’s disease is among the most feared accompaniments
of aging. There is a strong biological rationale for the use of estrogen replace-
ment after the menopause to help reduce a woman’s risk of Alzheimer’s disease.
Women with this disorder are less likely to use estrogens than control subjects
and, among women with Alzheimer’s disease, those who use estrogen perform
better on cognitive tasks than those who do not. The strongest data on Alzhei-
mer’s prevention are based on case-control and cohort studies in which informa-
tion on estrogen use was collected prospectively, before the onset of dementia
symptoms. Studies from the Leisure World retirement community in southern
California, New York City, Baltimore, and Rochester, Minnesota, imply that estro-
gen replacement therapy is associated with Alzheimer’s risk reductions of about
one-third to one-half. In several studies, a dose-response relationship has been
observed, such that women who have greater estrogen exposures (higher doses
or longer durations of therapy) also have lower risks of developing Alzheimer’s
disease. An association between Alzheimer’s disease and estrogen has not been
discerned in all studies, however. In the future, the role of estrogen will best be
determined from results of properly designed randomized, placebo-controlled,
primary prevention trials of estrogen.

Introduction

The pathogenesis of Alzheimer’s disease, the most prevalent cause of dementia, is
unknown. It is apparent, however, that different genetic and nongenetic factors -
several of which have now been identified - can in isolation or combination cul-
minate in the characteristic clinical and neuropathological phenotype of Alzhei-
mer’s disease. Point mutations in genes on chromosomes 14, 1, and 21 are
expressed as autosomal dominant traits, with symptoms of dementia by the fifth
or sixth decades of life (Pericak-Vance and Haines 1995). However, these rare
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mutations do not play an important role in the illness that first appears after
about age 60 (so-called late-onset Alzheimer’s disease), where it is likely that a
number of “susceptibility” genes modify risk in a less deterministic manner. The
best characterized of these is the chromosome 19 gene that encodes for apolipo-
protein E, a lipid transport protein involved in neuronal repair (Poirier 1994).
Increased Alzheimer’s susceptibility is conferred by possession of the €4 allele
(Strittmatter et al. 1993), which in Alzheimer’s patients is associated with defi-
cient neuronal plasticity (Arendt et al. 1997). Gender appears to modify risk, with
the €4 allele increasing risk to a greater extent for women than men (Poirier et al.
1993; Payami et al. 1996).

As reviewed by Graves and Kukull (1994) and Breteler et al. (1992), a number
of other factors modify risk. Elevated risk is thought to be associated with
increasing age, low educational attainment, female gender, prior head injury, or
prior episodes of depression. Although controversial, there is also evidence that
risk is decreased by exposure to anti-inflammatory medications, nicotine and,
among women, the use of estrogen replacement therapy after the menopause.

Estrogen and Alzheimer’s Risk

Of the putative protective factors for Alzheimer’s disease, estrogen replacement
therapy has been the best studied. In its most explicit form, the estrogen hypoth-
esis states that a woman’s use of estrogen replacement therapy will reduce her
risk of subsequent dementia due to Alzheimer’s disease. A causal link between
estrogen therapy and lowered Alzheimer’s risk would be most firmly established
if 1) the inferred link is biologically credible, 2) estrogen exposure is known to
have occurred before the onset of disease and the association is strong (as indi-
cated by a very low relative risk), 3) there is a dose-response relationship between
estrogen exposure and the reduction of Alzheimer’s risk, and 4) there is consis-
tency in findings among various analytical studies of estrogen and Alzheimer’s
risk as well as among investigations of estrogen effects in other clinical settings
relevant to the estrogen hypothesis (Hennekens and Buring 1987).

Biological Credibility of the Estrogen Hypothesis

Menopause, with the concomitant loss of ovarian estrogen production (Jaffe
1991), occurs at a mean age of about 51 years. In the absence of hormone replace-
ment, a woman will therefore spend about 40 % of her adult life in a state of rela-
tive estrogen deprivation. The brain is an important estrogen target organ.
Although the neurophysiological consequences of estrogen deprivation are
poorly understood, a number of estrogen actions are potentially relevant to Alz-
heimer’s disease (Table 1; Henderson 1997 a). Within the brain, an estrogen mol-
ecule (e.g., estradiol) will bond with a specific intranuclear receptor. After homo-
dimerization, the paired receptor-ligand complex binds to a particular DNA
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Table 1. Biological Actions of Estrogen that Are Potentially Relevant to Alzheimer’s Disease®

Effects on the growth, differentiation, and survival of nerve cells
Effects on synapse formation

Effects on glial cells

Effects on actylcholine and other neurotransmitter systems
Decreased formation of the 3-amyloid protein

Increased expression of apolipoprotein E in the brain
Antioxidant actions

Anti-inflammatory actions

Blunted cortisol response to behavioral stress

Increased cerebral blood flow

Increased transport of glucose into the brain

* Adapted from Henderson (1997 a).

sequence to regulate the synthesis of a specific protein product. Other estrogen
actions, some of which involve pharmacologically characterized membrane
receptors, do not require interactions with the genome (Kawata 1995; Wong et al.
1996).

Through genomic and nongenomic mechanisms, estrogen influences the
activity of various neurotransmitter systems. A coherent body of experimental
and clinical evidence supports the importance of acetylcholine in attention and
memory (Bartus et al. 1981), and the current mainstay of the pharmacological
treatment of Alzheimer’s disease seeks to increase levels of this particular neuro-
transmitter. In the Alzheimer brain, characteristic pathological aggregates (neu-
rofibrillary tangles) accumulate within cholinergic neurons of the basal forebrain
region (Coyle et al. 1983). These neurons possess receptors for estrogen (Toran-
Allerand et al. 1992), and in the laboratory estrogen treatment elevates choliner-
gic markers in the basal forebrain and in projection target areas (Luine 1985;
Gibbs and Pfaff 1992). Cholinergic neurons within the basal forebrain also have
receptors for neurotrophins, and estrogen may modulate neurotrophin effects
(Toran-Allerand et al. 1992; Miranda et al. 1993; Salehi et al. 1996). Indirect evi-
dence that estrogen interacts with cholinergic neurons comes from a clinical trial
of Alzheimer’s patients treated with an inhibitor of the enzyme acetylcholinester-
ase. In this trial, the cognitive skills of women receiving estrogen and random-
ized to the anticholinesterase group were significantly better than those of
women given placebo; however, women not receiving estrogen and randomized
to active drug performed more like the placebo group (Schneider et al. 1996).

Estrogen interacts with other neurotransmitters disrupted by Alzheimer’s
pathology. Both locus ceruleus and raphe neurons are prominently affected by
neurofibrillary tangle formation. Locus ceruleus neurons, which provide wide-
spread noradrenergic input to different brain areas, have estrogen receptors (Sar
and Stumpf 1981). Widely projecting serotonergic neurons in the brain stem
raphe are also influenced by estrogen (Greengrass and Tonge 1974; Biegon et al.
1983; Sumner and Fink 1995).
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Estrogen is both neurotrophic and neuroprotective. Estrogen promotes the
outgrowth of neurites in primary of brain (Toran-Allerand 1991; Brinton et al.
1997), axonal sprouting after experimental brain lesions (Morse et al. 1986), and
the formation of synapses (Chung et al. [1988]; Woolley and McEwen 1992).
Astroglia, like neurons, can undergo morphological alterations in response to
estrogen exposure (Garcia-Segura et al. 1997).

Estrogens might reduce formation of the $-amyloid protein (Xu et al. 1998).
In the Alzheimer’s brain, this abnormal protein fragment is deposited in neuritic
plaques, located in the neuropil of the gray matter. There is also a link between
estrogens and apolipoprotein E. Apolipoprotein E levels are reduced in the cere-
brospinal fluid (Blennow et al. 1994) and brain (Bertrand et al. 1995) of Alzhei-
mer’s patients. Estrogen, however, acts to increase the expression of central ner-
vous system apolipoprotein E (Stone et al. 1997), which might facilitate neuronal
repair. In animal models, estrogen-dependent neuronal sprouting after experi-
mental lesions (Morse et al. 1986) requires the presence of apolipoprotein E
(Stone et al. 1998).

The effects of estrogen on the immune system might favorably impact Alz-
heimer’s disease. Anti-inflammatory medications are postulated to reduce
Alzheimer’s risk (Rich et al. 1995) and to improve dementia symptoms (Rogers et
al. 1993). Estrogen moderates some aspects of the inflammatory process (Pacifici
et al. 1991; Josefsson et al. 1992).

Estrogen may protect neurons from programmed cell death (apoptosis) and
from death due to oxidative stress, excitatory neurotoxicity, ischemia, and other
insults (Goodman et al. 1996; Singer et al. 1996; Behl et al. 1997; Regan and Guo
1997; Simpkins et al. 1997). There is prominent indication of oxidative damage in
Alzheimer’s disease brain (Smith et al. 1997), and the antioxidant a-tocopherol
(vitamin E) is reported to retard the clinical course of Alzheimer’s disease (Sano
et al. 1997). Neuronal damage attributed to the 3-amyloid protein may be medi-
ated or potentiated by free radicals (Sagara et al. 1996; McDonald et al. 1997).
Antioxidant properties of estrogens (Mooradian 1993; Sack et al. 1994) might
therefore serve a protective role in Alzheimer’s disease.

Corticosteroid secretion is increased by behavioral stress and can deleteri-
ously affect hippocampal neurons (McEwen and Sapolsky 1995). Basal cortisol
levels are reported to be elevated in Alzheimer’s disease (Davis et al. 1986), and
estrogen replacement therapy may mitigate the stress response in older women
(Lindheim et al. 1992).

Estrogen increases regional blood flow within the brain (Belfort et al. 1995;
Ohkura et al. 1995). It also increases the uptake of glucose into the brain by
increasing the expression of a glucose transporter protein within the blood-brain
barrier (Shi and Simpkins 1997).
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Timing of Exposure and Strength of Exposure

If estrogen therapy protects against Alzheimer’s disease, then one would expect
that estrogen would be used less often by women with Alzheimer’s disease than by
other women. This prediction has been supported in recent studies of late-onset
Alzheimer’s cases. In 1994, Birge noted that none of the 158 women in his Alzhei-
mer’s clinic were current estrogen users. That same year, as part of a longitudinal
study of aging and dementia, Henderson et al. (1994) in Los Angeles compared 143
women with Alzheimer’s disease and 92healthy women without dementia (mean
age 76 years in both groups). Eighteen percent of controls but only seven percent
of Alzheimer’s cases used estrogen. The two groups were similar in terms of other
medication use and surgical procedures likely to influence the prescription of
estrogen. However, differences in estrogen usage were significant (the estimate of
relative risk, or odds ratio [OR] was 0.33, and the 95 % confidence interval [CI] was
0.15 to 0.74.) Similar results were described in cross-sectional analyses by Mortel
and Meyer (1995) in Houston, who compared 93 clinic cases to a convenience sam-
ple of 148 controls (OR =0.55, 95% CI =0.26 to 1.26). Although analyses based
on current estrogen use imply substantial risk reductions, results must be
interpreted cautiously. Most important among several methodological limitations
is the fact that it was not ascertained to what extent women were exposed to
estrogen during the time of interest, i.e., in the years before the onset of dementia
symptoms. If demented women are more likely to be prescribed estrogen,
the resulting bias would underestimate the magnitude of any protective effect.
Conversely, if estrogen prescriptions were more likely to be discontinued
among Alzheimer’s cases, then a protective effect might be inferred in the absence
of any true effect or the magnitude of a true protective effect could be
overestimated.

Prior (ever versus never) estrogen exposure had been considered in earlier
case-control studies from the United States (Heyman et al. 1984; Graves et al.
1990), Italy (Amaducci et al. 1986) and Australia (Broe et al. 1990). These failed
to discern a significant relation between estrogen exposure and Alzheimer’s risk
(ORs ranged from 0.48 to 2.48), although the low proportion of women who actu-
ally used estrogen (ranging from 8 % to 16 % exposure within the control groups)
and relatively small sample sizes limited statistical power. Recent case-control
studies are more supportive of the estrogen hypothesis. Lerner et al. (1997) in
Cleveland found that Alzheimer’s cases were less likely than controls to have used
estrogen in the past (OR = 0.58, 95% CI = 0.25 to 0.91), as did Van Duijn et al.
(1996) in a European population-based study of early-onset disease (OR = 0.40,
95% CI = 0.19 to 0.91; but see below). In a large population-based Italian study,
Baldereschi et al. (1998) found reduced estrogen usage among 92 Alzheimer’s
cases (mean age at onset of 75 years) in comparison to 1476 women without
dementia (OR =0.28, 95% CI =0.08 to 0.98).

In some case-control studies (Birge 1994; Henderson et al. 1994; Mortel and
Meyer 1995; Lerner et al. 1997; Baldereschi et al. 1998), recall bias might have
occurred when information on estrogen exposure was obtained differently for an
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Alzheimer’s case (e.g. from a surrogate informant) than for a control (e.g., from
the woman herself). Other recent analyses, however, have relied on estrogen
exposure data collected prospectively, before the onset of dementia symptoms
(Paganini-Hill and Henderson 1994, 1996; Brenner et al. 1994; Tang et al. 1996;
Kawas et al. 1997; Waring et al. 1997). The largest such study (Paganini-Hill and
Henderson 1994, 1996) is from the Leisure World retirement community, a pre-
dominantly White upper middle class cohort in southern California that was
established by postal survey in the early 1980s. Information on estrogen therapy
in this defined cohort was collected from each woman at the time of enrollment.
Death certificate records were subsequently obtained for deceased participants.
For female cohort members who died before 1996, Paganini-Hill and Henderson
(1996) identified 248 Alzheimer’s disease cases (mean age at death 88 years) and
1198 matched controls. In this nested case-control study, estrogen users had a
one-third lower risk of Alzheimer’s disease (OR = 0.65, 95% CI = 0.49 to 0.88).
Different routes of estrogen administration (oral, oral plus injection or cream,
injection or cream) were each associated with significant risk reductions. In Lei-
sure World, cases were not examined in person, and death records almost cer-
tainly missed some Alzheimer’s cases; however, misclassification was most likely
nondifferential with respect to estrogen exposure, and the resulting risk esti-
mates may therefore have underestimated the association between estrogen ther-
apy and Alzheimer’s risk reduction.

Results similar to those described in Leisure World are reported from New
York, Baltimore, and Rochester, Minnesota, where case ascertainment included
in-person medical assessments. In an ethnically diverse community-based cohort
from the northern Manhattan section of New York City, Tang et al. (1996), identi-
fied 167 incident cases of Alzheimer’s disease (mean age 79 years). There was a
50 % risk reduction of Alzheimer’s disease among women who had used oral
estrogens after the menopause (OR = 0.5, 95% CI = 0.25 to 0.9). Moreover, these
investigators observed a significantly older age at onset among women who had
used estrogen than among other Alzheimer’s cases. Significant risk reductions
were found both for women who possessed the &4 allele of apolipoprotein E as
well as for women without this allele. In contrast, apolipoprotein E polymor-
phisms appeared to modify the effect of estrogen exposure among early-onset
cases of familial Alzheimer’s disease reported by van Duijn et al. (1996), where
a protective effect of estrogen was apparent only among women with the €4
allele.

In the Baltimore Longitudinal Study of Aging, Kawas and her colleagues
(1997) identified 34 incident cases of Alzheimer’s disease among 472 older
women. The risk of this illness was reduced by over a half when women who had
used oral or transdermal estrogen were compared to never-users (OR = 0.46,
95% CI = 0.209 to 0.997). In a preliminary analysis from Rochester, Minnesota,
Waring et al. (1997) analyzed medical records of 222 women who developed Alz-
heimer’s disease during a five-year interval. Compared to matched controls with-
out dementia, cases were significantly less likely to have used estrogen for at least
six months (OR = 0.4, 95% CI = 0.2 to 0.8).
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In contrast to these positive studies, a case-control analysis of subjects
derived from a health maintenance organization cohort in the Puget Sound
region of Washington showed no relation between estrogen use and Alzheimer’s
risk (Brenner et al. 1994). As had investigators from Leisure World, New York,
Baltimore, and Rochester, Brenner et al. (1994) documented estrogen use pro-
spectively. They used computerized pharmacy records to compare estrogen
exposure between 107 incident cases of Alzheimer’s disease (mean age 79 years)
and 120 frequency-matched controls. Receiving a prescription for estrogen did
not affect the risk of subsequent Alzheimer’s disease (OR = 1.1, 95% CI = 0.6 to
1.8); a post hoc analyses that considered only prescriptions for oral estrogen
found a non-significant risk reduction (OR = 0.7, 95% CI = 0.4 to 1.5).

Dose-Response Relationship

Several epidemiological studies have provided information on the magnitude of
estrogen exposure and Alzheimer’s risk. In Leisure World, risk estimates for Alz-
heimer’s disease decreased significantly with larger doses of the longest used oral

Table 2. Effect of Estrogen Dosage in the Leisure World Cohort: Risk Estimates for Alzheimer’s Disease
as a Function of Dosage for the Longest Used Oral Estrogen Preparation®

Dosage (mg) Number Number Odds ratio 95 % Confidence Probability
of cases of controls interval (trend test)

none 150 615 1.00 - < 0.01

=0.625 27 141 0.78 0.48-1.27

=1.25 21 156 0.54 0.32-0.92

? Data are from Paganini-Hill and Henderson (1996).

Table 3. Risk Estimates for Alzheimer’s Disease as a Function of the Duration of Postmenopausal
Estrogen Therapy in Three Epidemiological Studies

Study/authors Estrogen Duration of = Odds ratio 95 % Confidence  Probability
preparations(s)  use (years) interval
Leisure World/ All Never 1.00 - < 0.001
Paganini-Hill =3 0.83 0.56-1.22
and Henderson 4-14 0.50 0.31-0.81
(1996) =15 0.44 0.26-0.75
New York/ Oral Never 1.00 - 0.003
Tang et al. =1 0.47 0.20-1.10
(1996) >1 0.13 0.02-0.92
Baltimore/ Oral/patch Never 1.00 - N§*
Kawas et al. =5 0.43 0.13-1.51
(1997) 6-10 0.34 0.04-2.52
=11 0.50 0.17-1.47

NS, not significant.
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estrogen preparation (Paganini-Hill and Henderson 1996; Table 2). Significant
associations between the duration of estrogen use and the degree of risk reduc-
tion were noted both in Leisure World (Paganini-Hill and Henderson 1996) and
New York (Tang et al. 1996), but no significant trend was discerned in the Balti-
more study (Kawas et al. 1997; (Table 3). In Rochester, Minnesota, risk decreased
with increasing duration of estrogen use and with increasing total cumulative dose
(Waring et al. 1997), and in Puget Sound women who filled the largest num-
ber of estrogen prescriptions experienced the lowest Alzheimer’s risk (Brenner et
al. 1994).

Consistency of Findings:
Surrogate Markers of Estrogen Exposure and Alzheimer’s Risk

After the menopause, circulating estrogens are derived primarily from the
peripheral conversion of androgen precursors produced by the ovarian stroma
and the adrenal cortex. Much of the extraglandular conversion occurs in adipose
tissue, and body weight in older women therefore correlates with estrogen levels
(Meldrum et al. 1981). In Leisure World, body weight at the time of cohort enroll-
ment was significantly associated with a subsequent Alzheimer’s diagnosis
(Paganini-Hill and Henderson 1996), but there was no relation between retro-
spective estimates of body weight at age 50 years and prevalent cases of Alzhei-
mer’s disease in the Italian Longitudinal Study on Aging (Baldereschi et al. 1998).

Reproductive factors that may increase endogenous estrogen exposure
include earlier age at menarche, parity (or number of pregnancies), and later age
at menopause. Analyses of these variables provide only weak support for the
estrogen hypothesis. In both Leisure World (Paganini-Hell and Henderson 1996)
and the Italian study (Baldereschi et al. 1998), an earlier age at menarche was
associated with a lower risk of Alzheimer’s disease, but neither study found par-
ity to be related to Alzheimer’s risk. In Rochester, the median age at menarche
was similar for both cases and controls (Waring et al. 1997). Moreover, there is no
support for the contention that a later menopause protects against late-onset Alz-
heimer’s disease (Baldereschi et al. 1998; Paganini-Hill and Henderson 1996;
Tang et al. 1996; Waring et al. 1997), although in one study early menopause was
associated with increased risk of early-onset illness in women with a positive
family history (van Duijn et al. 1996).

Consistency of Findings: Clinical Studies in Women Without Dementia

The view that estrogen modulates neural activity related to cognition is sup-
ported by a brain imaging study undertaken while women performed a specific
neuropsychological task (Berman et al. 1997). The pattern of activation was
found to differ, depending on a woman’s hormonal status (estrogen deficient ver-
sus estrogen replenished). An estrogen effect on cognition is also implied by cog-
nitive fluctuations during a woman’s menstrual cycle (Hampson 1990; Phillips
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and Sherwin 1992 a; Krug et al. 1994; Bibawi et al. 1995), by neuropsychological
dysfunction after the suppression of endogenous estrogen production and
improvement after the administration of exogenous estrogen (Varney et al. 1993;
Sherwin and Tulandi 1996); and by enhanced test scores in women receiving
estrogen replacement after the menopause (Kampen and Sherwin 1994; Robin-
son- et al. 1994; Phillips and Sherwin 1992 b).

In a population-based cohort in Austria, cross-sectional analyses showed
that estrogen users outperformed nonusers on measures of psychomotor speed
and complex problem solving (Schmidt et al. 1996). Findings from two well-
characterized American cohorts suggest that estrogen replacement therapy pro-
tects against longitudinal decline in several cognitive domains (Resnick et al.
1997; Jacobs et al. 1998), although two other American studies found no compel-
ling evidence that estrogen preserved cognitive function among older women
(Barrett-Connor and Kritz-Silverstein 1993; Szklo et al. 1996).

Consistency of Findings: Clinical Studies in Women with Dementia

Observational analyses by Henderson et al. (1996) imply that women with Alz-
heimer’s disease who are prescribed estrogen perform better on a variety of cog-
nitive tasks than Alzheimer’s patients not receiving hormone replacement. In
their study, differences favoring estrogen-users were greatest on a naming
(semantic memory) task, the same cognitive task that was found to be more
impaired among women than men with Alzheimer’s disease (Henderson and
Buckwalter 1994; Ripich et al. 1995).

Several clinical trials have examined the effects of oral or transdermal estro-
gen on cognitive symptoms of women with Alzheimer’s disease; most results sug-
gest that estrogen ameliorates Alzheimer’s symptoms (Henderson 1997 b). Four
of these studies have been conducted as randomized, placebo-controlled trials
(Honjo et al. 1993; Fillit 1994; Asthana et al. 1996; Birge 1997), although only the
study of Honjo et al. (1993) has been fully presented. Positive results in most of
these trials provides preliminary evidence that estrogen improves cognitive func-
tion in Alzheimer’s disease, and results thus indirectly support the parallel con-
tention that estrogen could also help prevent Alzheimer’s disease. Results of
larger randomized, placebo-controlled trials are anticipated within a year’s time.
Additional indirect evidence for an estrogen role comes from a study by Buck-
walter et al. (1997) that examined body weight in relation to cognitive symptoms
in women with Alzheimer’s disease. In analyses that adjusted for age, education,
symptom duration, and height, greater body weight in women with Alzheimer’s
disease was linked to significantly better performance on tests of cognitive abil-

ity.
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Conclusions

A strong biological rationale supports the contention that estrogen could impact
brain functions involved in cognition and physiological processes implicated in
the pathogenesis or progression of Alzheimer’s disease. The hypothesis that
estrogen protects against Alzheimer’s disease finds partial support from observa-
tional and clinical studies on indirect markers of estrogen exposure, cognition in
healthy women, and cognition in women with Alzheimer’s disease.

Over a dozen case-control and cohort studies have now examined the rela-
tion between estrogen usage and Alzheimer’s risk. In most reports, the temporal
relation between exposure and outcome is unambiguous; in these it is clear that
estrogen therapy was indeed prescribed prior to the onset of dementia symp-
toms. With important exceptions (Brenner et al. 1994), epidemiological investi-
gations since 1990 are also consistent in indicating a protective effect of estrogen.
If confirmed, the magnitude of risk reduction in these studies (approximately
one third to one half) would be of enormous public health importance. However,
the magnitude is not so large that alternative interpretations should not still be
considered. Because women who receive estrogen replacement differ in impor-
tant ways from women who do not use estrogen (Hemminki et al. 1993; Derby et
al. 1995), it is prudent to consider the possibility that residual confounding or
unrecognized biases may account for observed associations.

Consistent findings in future cohort studies - especially those that are
population-based - would strengthen the argument for a causal link between
estrogen therapy and reduced Alzheimer’s risk. The strongest support, however,
will come from adequately powered randomized, placebo-controlled intervention
trials. In the United States, it is anticipated that over 7500 older women will be
randomized in an ancillary study of dementia, undertaken in conjunction with
the Women’s Health Initiative and sponsored by the National Institutes of Health.
Results of this primary prevention study, which involves the randomized use of
oral estrogens, will not be available until after the millennium. Other randomized
trials are also anticipated during the next several years.
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Inflammation, Anti-Inflammatory Drugs
and Alzheimer’s Disease

C. H. Kawas*

Summary

Increasing evidence from in vivo and in vitro models suggests that inflammatory
processes may contribute to the neuronal dysfunction and degeneration in Alz-
heimer’s disease (AD). Neuritic plaques, a hallmark of AD pathology, have been
associated with a host of proteins and acute phase reactants, activated microglia,
and complement activation. From these observation, it follows that pharmaco-
logical suppression of inflammation may slow the rate of Alzheimer pathology.

Epidemiologic studies and short-term clinical trials, particularly of nonste-
roidal anti-inflammatory drugs (NSAIDs), have added support to this hypothesis
and suggest a therapeutic potential for anti-inflammatory strategies. Epidemio-
logic observations have included twin and sibling studies (Breitner et al. 1994,
1995), population based studies (Andersen et al. 1995), and longitudinal studies
of patients with AD (Rich et al. 1995). In the Baltimore Longitudinal Study of
Aging (Stewart et al. 1997), prospective data suggested that use of NSAIDs for
more than two years may reduce the risk of AD by approximately one half. Many
studies have been identified by McGeer et al. (1996) as suggesting a protective
effect of anti-inflammatory agents, but there have also been numerous studies
that do not confirm this effect. Some investigations have even suggested an
inverse relationship between the use of NSAIDs and the maintenance of cognitive
abilities (Fourrier et al. 1996; Saag et al. 1995).

At present the most commonly used nonsteroidals are nonspecific inhibitors
of both isoforms of cycloxygenase (COX 1 and COX 2). Cox 1 is constitutive and
most likely mediates the gastric and renal toxicities. COX 2 is inducible and has
been noted to be upregulated in neurodegenerative models and in AD. COX 2
might represent an appropriate therapeutic target, and selective COX 2 inhibitors
have been developed by industry. They appear to be better tolerated and have
good brain penetration. Overall, data from the laboratory as well as epidemio-
logic studies suggest a potential role for the suppression of inflammation in the
treatment and prevention of AD. Confirmation of these findings requires ran-
domized clinical trials, some of which are currently underway.
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Introduction

Recent evidence has implicated inflammatory and immune mechanisms in the
degenerative process of Alzheimer’s Disease (AD). AD lesions are characterized
by the presence of numerous inflammatory proteins, including acute phase reac-
tants, inflammatory cytokines (IL-1, IL-6, Tumor Necrosis Factor) and compo-
nents of the complement cascade, including the Membrane Attack Complex (Ita-
gaki et al. 1994). Nearly all of the inflammatory proteins seen in AD tissue are
produced by microglia astrocytes or both (McGeer and McGeer 1995). The pres-
ence of activated microglia (macrophages) and reactive astrocytes (Fig. 1) in AD
brains led to the hypothesis that anti-inflammatory drugs might be useful to
ameliorate the symptoms or even prevent the disorder. Such activated microglia
and immune proteins either do not appear in normal adult brain or are markedly
upregulated in AD (McGeer and McGeer 1998).

In parallel with these findings from the basic laboratory, some of the most
compelling epidemiologic data regarding protection from AD have come from
the investigation of anti-inflammatory drugs (particularly NSAIDs) and the risk
of AD or rate of disease progression. Although results from these studies have
been somewhat mixed, a growing body of epidemiologic evidence suggests that
anti-inflammatory drugs may play a role in the prevention and treatment of AD.

<

Fig. 1. Immunostaining of the cerebral cortex from an 87-year-old female with autopsy-confirmed AD,
demonstrating a senile plaque with activated microglia and IL1-0. Double-labeling immunostaining
with HLA-DR antibody for microglia cells (BDHC, blue signal) and an antibody for IL-10. (DAB,
brown/gold signal). Magnification 1000x. Illustration provided by Drs. L. Martin and J. Troncoso,
JHMI ADRC
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Epidemiologic Studies
Inflammatory Diseases and Risk of AD

Several studies have reported a reduced risk of AD in patients with inflammatory
diseases such as arthritis (Jenkinson et al. 1989; Broe et al. 1990; Li et al. 1992;
Canadian Study of Health and Aging 1994; McGeer et al. 1990). The question
arises whether these subjects have a reduced risk due to their anti-inflammatory
treatments or if subjects with a genetic predisposition to inflammatory diseases
such as rheumatoid arthritis also have a genetic predisposition toward a reduced
risk of AD. In the case of leprosy, studies have suggested that patients who took
dapsone, which has anti-inflammatory activity, were less likely to develop AD
than those patients who did not receive anti-inflammatory treatment (McGeer et
al. 1992).

NSAIDs and Risk of AD

A reduced risk of AD in subjects who use NSAIDs has been reported in several
observational studies. Odds ratios and confidence intervals for some of the pub-
lished studies are summarized in Figure 2 (for an excellent review see McGeer et
al. 1996). Most studies that show an effect of NSAIDs on the risk of AD generally
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Fig. 2. Epidemiological studies of AD and NSAID use. A) Risk ratio or odds ratio and 95 % confidence
interval from studies of AD risk among NSAID users and non-users. Fourrier et al. (1996) report risk
of dementia. B) Odds ratio and 95% confidence interval from studies of cognitive decline among
NSAID users and non-users. Saag et al. (1995) report word recall decline over two years, Fourrier et al.
(1996) report MMSE decline over two years, and Rozzini et al. (1996) report SPMSQ decline over three
years
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Fig. 3. Relative risk of AD by type and duration of medication use in the BLSA. *p < 0.05 from Stewart
et al. (1997). Results of Cox proportional hazards regression adjusted for sex and education and using
age as the time scale. Study includes 1686 BLSA participants, including 81 AD cases followed up
between 1980 and 1995

report about a 50 % reduction in risk. The investigations in Canada (Canadian
Study of Health and Aging 1994) and Rotterdam (Andersen et al. 1995) were
drawn from population-based samples. Adding additional support, a cohort
study in the Baltimore Longitudinal Study of Aging (BLSA/NIA) provided pro-
spective data for NSAIDs as a protective factor in AD and, in particular, noted an
effect by duration of use. BLSA subjects with two or more years of exposure to
NSAIDs had approximately half the risk of AD as subjects who reported less or
no exposure (Fig. 3; Stewart et al. 1997).

Risk of Cognitive Decline and NSAIDs

The two studies by Breitner et al. (1994, 1995) were designed to eliminate, or at
least minimize, genetic factors. They involve twin pairs or sibships of pedigrees
with prominent family histories of AD. When comparing twins discordant for AD
by at least three years, the use of steroids appeared to statistically reduce the risk
of AD, although much of this exposure consisted of intra-articular injections of
steroids for joint disease (Breitner et al. 1994). This finding was not replicated in
the subsequent larger studies of sibships with familial AD, but NSAID users in
those studies had an odds ratio of 0.19. (95% CI = 0.058-0.639; Breitner et al.
1995).

Not all investigators, however, have replicated the findings with regards to
NSAIDs and the risk of AD (Fourrier et al. 1996). The effect of NSAIDs has also
been examined in relationship to cognitive decline in older persons. Data from
three communities of the Established Populations for Epidemiologic Studies of
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the Elderly (EPESE; Rozzini et al. 1996) found Short Portable Mental Status Ques-
tionnaire (Pfeiffer 1975) scores after three years to be higher in chronic NSAID
users than in non-users. The investigators estimated the magnitude of the effect
to be equivalent to a difference in age of onset of 3.5 years. In contrast, investiga-
tion of another EPESE sample in rural Iowa (Saag et al. 1995) found high-dose
NSAID use to be strongly associated with significant immediate word recall
decline. This relationship was only apparent among individuals in the middle
two quartiles of recall performance.

Treatment of AD and NSAIDs

In a randomized placebo-controlled trial, Rogers and colleagues noted stable
cognitive function over six months in patients treated with indomethacin,
whereas significant deterioration was noted in patients on placebo (Rogers et al.
1993). The interpretation of these results was complicated by over one third of the
subjects in the drug group dropping out before completion of the six-month trial,
largely due to side effects. In an observational analysis, Rich and colleagues
noted a slower rate of decline and higher level of functioning in research subjects
who were using nonsteroidal anti-inflammatory compounds (Rich et al. 1995).

Broad immuno-suppression is being examined with prednisone treatment in
a cohort of patients with mild AD (Multicenter Trial of Prednisone in AD, 1977).
This randomized placebo-controlled study of low dose prednisone (20 mg induc-
tion with 10 mg Q.D. maintenance) is being conducted by the Alzheimer’s Dis-
ease Cooperative Study (NIA) and is designed to examine the rate of decline in
AD patients followed for 15 months. Results will be available in the near future.
This consortium of investigators will also be conducting trials of other anti-
inflammatory compounds including hydroxychloroquine and colchicine (Multi-
center Trial of Hydroxycloroguine and Colchicine in AD, 1999). Similar trials are
already underway in Europe.

Other Anti-inflammatory Treatments

Other anti-inflammatory treatments have been associated with a reduced risk of
AD, including prednisone, intra-articular steroids, and ACTH (Breitner et al.
1994). Overall, the number of subjects taking these medications was exceedingly
small and it is difficult to draw conclusions from these data. Nonetheless, they
lend credence to the hypothesis that suppression of inflammatory mechanisms
can be effective in the prevention of AD.
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Future Directions
Primary and Secondary Prevention Trials

Although case control and observational studies are crucial for the delineation of
potential risk and protective factors, there is no substitute for a randomized clini-
cal trial. The effectiveness of treatments that suppress inflammation must ulti-
mately be determined in randomized clinical trials. To date, no primary preven-
tion trials have been conducted using nonsteroidals in cognitively normal people.
Some trials, however, are being conducted in individuals with memory impair-
ment without dementia. These individuals are generally at high risk for develop-
ing AD within three to four years (Petersen et al. 1993). In the near future, hope-
fully, primary prevention trials will be launched.

Selective Cyclooxygenase Inhibition

Glucocorticoids such as prednisone are the most broadly active anti-
inflammatory agents in clinical use. Specific actions include suppression of the
acute phase response neutrophil adherence and monocyte accumulation as well
as inhibition of prostaglandin production (Aisen and Davis 1997). In contrast,
nonsteroidal anti-inflammatory drugs do not suppress the acute phase response,
but produce inhibition of cyclooxygenase (COX) and antagonism of the effects of
interleukin-1. Cyclooxygenase has been identified in two isoforms, COX 1 and
COX 2. COX 1 is constitutive and COX 2 is inducible. Both are found in the brain,
but COX 1 inhibition largely mediates the effects of gastrointestinal and renal
toxicity, whereas COX 2 inhibition suppresses the inflammatory response (Aisen
and Davis 1997). Selective COX 2 inhibitors have been developed by industry. For
the most part, these compounds have been tested in humans with inflammatory
diseases such as arthritis and are well tolerated. They provide a promising
approach for future studies in AD.

Impact of Intervention

It is currently estimated that approximately four million people in the United
States have AD. The number of individuals with this disorder will quadruple by
the middle of the next century if nothing is done to arrest the tide (Brookmeyer
et al. 1998). Data from case-control and prospective studies of NSAIDs and AD
have shown a reduction of risk consistent with a two- to five-year delay of onset
of dementia. The public health impact of delaying AD has been modeled by
Brookmeyer and colleagues and is shown in Figure 4. Even modest delays of six
months would result in almost half a million fewer people with AD by the middle
of the next century. Anti-inflammatory compounds, as well as estrogen and anti-
oxidants, require further investigation of their role in the treatment and preven-
tion of AD. Randomized clinical trials are the crucial next step.
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Fig. 4. Potential impact of interventions to delay onset of AD. From Brookmeyer et al. (1998)
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Socio-Demographic Risk Factors for Dementia
and Alzheimer’s Disease in the Paquid Study

J. E Dartigues*, C. Helmer*, L. Letenneur*

Paquid (Personne Agée QUID) is a French population-based prospective cohort
study conducted in the Bordeaux area and specifically designed to study normal
and pathological brain aging (Barberger-Gateau et al. 1992). The main objective
of Paquid was initially the analysis of the natural history of the cognitive disor-
ders occurring at the very early phase of dementia. However, the baseline data
collection and the follow-up of the cohort provided the opportunity to study the
relationships between several potential risk factors and the risk of subsequent
dementia or Alzheimer’s Disease (AD). We will present here some results about
these risk factors with special attention to socio-demographic factors such as age,
gender, level of education and marital status.

Methods
Sample:

The Paquid research programme was designed to study prospectively a represen-
tative random sample of people aged 65 years and over living in Gironde and
Dordogne, two administrative areas in southwest France. Subjects were randomly
chosen from the electoral rolls of 75 parishes. Three criteria had to be met for
subjects to be included in the study: 1) to be at least 65 years of age by December
31, 1987, 2) to be living at home at the time of the initial data collection phase,
and 3) to give their informed consent to participate in the study. A three-step
random procedure based on the electoral rolls stratified by age, sex and size of
the demographic unit was performed. This procedure led to the selection of 5,554
elderly subjects living at home.
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Data collection
Baseline screening:

Subjects were informed by mail that they had been chosen to participate in a
study on the health status and living conditions of people aged 65 years and over.
Then subjects were contacted by telephone or visited directly at home if they did
not have a telephone. Subjects who agreed to participate were seen by a psychol-
ogist specially trained for home interviews. The baseline variables that were reg-
istered included socio-demographic factors, social support and network, living
conditions and habits, subjective and objective health measures, a comprehensive
functional assessment with the Katz scale (Katz et al. 1970) and Lawton and
Brody scale (1969), depressive symptomatology measured by the CES-D (Center
for Epidemiological Study Depression) scale (Radloff 1977), personal medical
history, current symptoms and diseases, and neurosensory deficiencies. A more
complete description of the baseline data collected in the Paquid study has been
published previously (Barberger-Gateau et al. 1992).

Among the socio-demographic data, we considered age in years, gender and
education at four levels: no schooling, primary school level (equivalent of 1 to 5
years of schooling), secondary school level (6 to 12 years of schooling), university
level (over 12 years of schooling). The highest diploma attained was also
recorded. Marital status was classified into four categories: married or cohabi-
tant, single, widowed and divorced or separated. Evolution of marital status has
been considered in the analyses. Married or cohabitant subjects who became
widowed during the follow-up were included in the group of married subjects
until their widow(er)hood, and in the group of widowed thereafter. Social net-
work was assessed with three variables: subject living alone or not, number of
people in the social network and self-perceived satisfaction of this network (very
satisfied, satisfied, unsatisfied or very unsatisfied). The number of leisure activi-
ties known to be associated with a lower risk of dementia (Fabrigoule et al. 1995)
(gardening, travelling and odd job or knitting) was also considered.

Intellectual function was examined through a series of psychometric tests
that were among the most sensitive for following cognitive decline in elderly
individuals. The test battery included an evaluation of global mental status (Mini
Mental State Examination; Folstein et al. 1975), visual memory (Benton’s Visual
Retention Test; Benton 1965), verbal memory (Wechsler’s Paired-Associates;
Wechsler 1945), verbal fluency (Isaacs Set Test; Isaacs and Akhtar 1972), visuo-
spatial attention (Zazzo’s cancellation test; Zazzo 1964) and simple logical rea-
soning (Wechsler’s Digit Symbol Test; Wechsler 1981).

Diagnosis of Dementia:

After the psychometric evaluation, the psychologists systematically completed a
standardized questionnaire designed to obtain the A (memory impairment), B
(impairment of at least one other cognitive function) and C (interference with
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social or professional life) criteria for DSM-III R dementia (APA, 1987). This
questionnaire had been previously validated with a good inter-observer reliabil-
ity between the psychologist and the neurologist on the basis of the DSM-III cri-
teria. In a second stage, subjects who met these first three DSM-III R criteria for
dementia were seen by a senior neurologist who confirmed and completed the
DSM-III R criteria for dementia and filled in the NINCDS-ADRDA criteria
(McKhann et al. 1984) and the Hachinski score (Hachinski et al. 1975) to docu-
ment the diagnosis of dementia and its aetiology: probable or possible Alzhei-
mer’s disease or other type of dementia. When available an informant was con-
sulted by the neurologist.

Follow-Up:

Subjects were re-evaluated, following the same procedure as for the baseline
screening, one, three and five years after the initial visit in Gironde and three and
five years after the initial visit in Dordogne. At each follow-up assessment, the
case finding and the aetiological categorization of incident cases of dementia fol-
lowed the same procedure as for the baseline screening. Moreover the marital
status was collected at each follow-up visit.

Statistical analysis:

Age-specific incidence was estimated using the person-years method (Breslow
and Day 1987). The basic method used to estimate age-specific incidence rates is
to determine for each individual the amount of observation time contributed to
a given age by calendar period category and to sum up those contributions for all
cohort members to obtain the total number of person-years in that category. For
subjects with more than one follow-up evaluation, person-years were calculated
as the time between the baseline visit and the last follow-up examination if the
subject remained non-demented. For a demented subject, we considered half of
the time between the last visit where the subject was diagnosed demented. Age-
specific incidence was computed according to marital status, taking into account
the changes with time.

The relative risks (RR) of AD were estimated using a Cox proportional haz-
ards model with delayed entry, in which the time-scale is the age of the subjects.
It is now recognized that, in the study of age-associated diseases, the appropriate
time-scale for survival models is age rather than time since the baseline survey
(Korn et al. 1997; Commenges et at. 1997, 1998). This approach allows one to
model directly the risk of dementia according to age, which is no longer included
as a covariate. However, as we studied incident cases, the subjects can participate
in the analysis only if they did not experience dementia before their inclusion.
The sample is left truncated because subjects are observed conditionally because
they did not develop a dementia before entering the cohort. To deal with the left
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truncation, we used a Cox model with delayed entry, where a subject is consid-
ered to be at risk of dementia between the age at entry to the cohort and the age
of censorship or the age at onset of the disease (Commenges et al. 1998). Marital
status was considered as a time-dependent covariate.

Results and Discussion

Of the 5,554 contacted subjects, a total of 3,777 (68 %) agreed to participate in the
study. Non-responders did not differ from responders in age, gender or educa-
tional level (Dartigues et al. 1991). Among the 3,675 initially non-demented sub-
jects of the cohort, 2,133 (58 %) were women and 1,822 subjects (49.6 %) were
older than 74. The baseline marital status was distributed as followed: 2,106 mar-
ried or cohabitant (57.3 %), 1287 widowed (35 %), 179 singles (4.9 %) and 103
divorced or separated (2.8 %).

Of the 3,675 subjects, 794 (21.6%) did not participate in the follow-up
because they died (n= 365; 9.9%) or because they were lost to follow-up or
refused the follow-up screenings (n = 429; 11.7 %). At least one complete follow-
up evaluation was performed on 2,881 (78.4 %). During the five years of follow-
up, 222 initially married or cohabitant subjects became widowed (10.5 %).

One hundred and ninety subjects developed an incident dementia, of whom
140 were classified as incident cases of AD and 50 as other type of dementia.
Overall incidences of dementia and AD were estimated as 1.59 person-years and
1.17 person-years, respectively. The global incidence of dementia was estimated
as 1.3 per 100 person-years in men and 1.8 in women (0.8 and 1.4 for AD, respec-
tively). The incidence of AD was higher in men before 80 years and higher in
women after 80 years. The relative risk (RR) of a woman developing AD was then
estimated to be 0.83 at age 75 and 1.72 at age 85.

We studied the risk of AD in subjects with no schooling and in subjects with a
primary school level, taking subjects with a secondary or university level as the ref-
erence. We found a higher risk of developing AD in subjects with no schooling
(RR = 1.93, p = 0.04) and in subjects who attained a primary school level (RR =
1.49, p = 0.02). But the categorisation does not seem to be the best one. The best pre-
diction of AD was obtained with the cut-off primary school level not validated by a
diploma (in French, “certificat d’étude primaire”) versus higher education (RR =
1.83, p = 0.00001). The relative risk of gender and education were unchanged when
gender was adjusted for education. Thus a confounding effect of education seems
unlikely to explain the risk of dementia or AD observed in women.

Taking the married subjects as the reference group, the risk of dementia was
significantly greater in singles (RR = 1.77, 95% CI = 1.05-3.00). The risk of
dementia did not changed for widowed or divorced subjects. The same trends
were observed for the risk of AD, but the RR was greater for singles (RR = 2.39,
95% CI = 1.34-4.25). On the contrary, the RR of non-AD dementia for singles
was lower than one and not significantly different from married subjects.
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After adjustment for possible confounding factors such as gender, educa-
tional level, principal occupation during life and wine consumption, the relation-
ship between marital status and risk of AD remained unchanged. In addition, the
introduction of the marital status in the model did not change the significant
relationship between education or wine consumption and the risk of AD. Wid-
owed subjects have almost the same risk as married subjects.

In conclusion, socio-demographic factors such as gender, educational level
and marital status seem to be major risk factors of AD in old age with a similar
magnitude as genetic factors like apoE4 allele. For instance, the population-based
attributable risk of AD related to low education could be estimated at 18.9 %.
These findings need of course to be confirmed and explained by further studies
and could be part of the detection of high risk subjects for AD.
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Vascular Disease and Vascular Risk Factors
and Dementia

M. M. B. Breteler!, A. Ott, MD"?%, A. Hofman'

Introduction

In recent years evidence has increased that vascular disease is associated with
cognitive impairment and dementia (Breteler et al. 1994; Hofman et al. 1997).
Moreover, the presence of cerebrovascular disease may intensify the presence
and severity of the clinical symptoms of Alzheimer’s disease (Snowdon et al.
1997).

In this paper, current knowledge about the relation between vascular factors
and dementia will be reviewed. We will focus on established risk factors for vas-
cular disease, including age and gender, socio-economic status, diabetes, choles-
terol, cigarette smoking and alcohol use, and on indicators of vascular disease,
including atherosclerosis and atrial fibrillation.

Established Vascular Risk Factors
Age and Gender

Age is by far the most important risk factor for dementia. The incidence of
dementia and Alzheimer’s disease increases exponentially with age (Breteler et al.
1992; van Duijn 1996; Ott et al. 1998a). Based on several recent prospective
population-based studies, the incidence increases roughly from 1 per 1000
person-years in 65 years olds, and 1 per 100 person-years in 75 years olds, to
almost 1 per 10 person-years in subjects above age 90.

Reliable age- and gender-specific estimates of the incidence of dementia exist
only for subjects over the age of 60. Gender-specific incidence rates are quite sim-
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ilar until the age of 85, after which incidence rates seem higher for women than
for men (Ott et al. 1998 a; Fratiglioni et al. 1997).

Socio-Economic Status

Various studies have shown a relation between low socio-economic status and
vascular disease. However, different indicators of socio-economic status may
yield different results. For example, in a Danish study, household income was
associated with the risk of stroke but years of education was not (Boysen et al.
1988). Many studies have examined the relation between educational background
and dementia or Alzheimer’s disease and suggested that higher educational levels
were protective against dementia (Katzman 1993; Ott et al. 1995). However, most
of these studies were cross-sectional and had ample potential for bias. Indeed,
population-based studies of incident cases yielded no or smaller effects of educa-
tion on risk of dementia or Alzheimer’s disease (Beard et al. 1992; Cobb et al.
1995; Ott 1997). Other indicators of socio-economic status have not been
reported in relation to dementia.

Diabetes mellitus

Some older cross-sectional case-control studies showed diabetes mellitus to be
positively associated with vascular dementia but inversely associated with Alz-
heimer’s disease (Bucht et al. 1983; Landin et al. 1993; Mortel et al. 1993; Nielson
et al. 1996; Wolf-Klein et al. 1998). However, these studies were based on selected
patients and controls, the presence of diabetes mellitus was assessed from medi-
cal records and not actually screened for, and subjects with any indication of
vascular disease were often rigorously excluded from the Alzheimer patient
series. In contrast, a cross-sectional analysis based on the Rotterdam Study, a
population-based cohort study of subjects aged 55 and over, showed that sub-
jects with diabetes mellitus had dementia more often than those without diabe-
tes mellitus (odds ratio 1.3; 95 % CI 1.0-1.9), in particular subjects who needed
insulin treatment (odds ratio 3.2; 95% CI 1.4-7.5). The relation was strongest
with vascular dementia but was also found for Alzheimer’s disease (Ott et al.
1996). Recently, this positive association between diabetes mellitus and Alzhei-
mer’s disease was confirmed in several longitudinal studies. A register-based
retrospective cohort study from Rochester, MN, reported an increased risk for
dementia and its subtype Alzheimer’s disease (RR 1.7; 95 % CI 1.3-2.1; Leibson
et al. 1997). In a prospective population-based study among 828 elderly Japa-
nese, diabetics had a more than two-fold increased risk of Alzheimer’s disease
(RR 2.2; 95% CI 1.0-4.9; Yoshitake et al. 1995). Similarly, among 6370 subjects
of the Rotterdam Study who were followed prospectively, a relative risk of Alzhe-
imer’s disease of 1.9 (95% CI 1.2-3.1) was found. The risk for Alzheimer’s dis-
ease was highest among subjects who were treated with insulin (RR 4.3; 95 % CI
1.7-10.5; Ott 1997).
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The mechanism through which diabetes mellitus increases the risk of cere-
brovascular disease is not entirely clear. Evidently, diabetes is associated with
micro- and macrovascular changes. However, the risk of stroke is increased inde-
pendently from other vascular risk factors, and there might also be a direct effect
of glucose on the cerebral vasculature. Intensive treatment of diabetes and good
metabolic control reduce the risk of stroke (DCCT Research Group 1993; Kuu-
sisto et al. 1994). In Alzheimer’s disease, hyperglycemia may potentiate the dele-
terious effect of other pathological processes taking place, such as amyloid depo-
sition (Messier and Gagnon 1996). On the other hand, hypoglycemia has a direct
effect on cerebral functioning, and the resulting damage may accumulate with
the number of hypoglycemic periods.

Cholesterol

An elevated level of plasma cholesterol is a strong risk factor for coronary vascu-
lar disease. The relation between cholesterol and cerebrovascular disease remains
controversial (Prospective Studies Cooperation 1995; Gorelick et al. 1997; Wolf et
al. 1992). There is some evidence that a high cholesterol level may increase the
risk of stroke in younger subjects but is not related to the occurrence of stroke
among elderly subjects. There have been few reports in the literature on the rela-
tion between plasma cholesterol levels and Alzheimer’s disease. A small hospital-
based case-control study suggested that Alzheimer patients have higher mean
total cholesterol levels than controls (Giubilei et al. 1990) and, because of the
relation between APOE genotype and cholesterol level, the effect of the APOE
genotype might depend on cholesterol levels (Jarvik et al. 1995). However, the
bulk of the evidence does not point to an important relation between cholesterol
level and Alzheimer’s disease.

Smoking

Smoking undoubtedly increases the risk of stroke (Bartecchi et al. 1994; Shinton
and Beevers 1989). The relation between smoking and Alzheimer’s disease is
much disputed. A meta-analysis on case-control studies conducted before 1990
suggested an inverse association between Alzheimer’s disease and history of
smoking (Graves et al. 1991). Studies conducted since then showed no relation
(Yoshitake et al. 1995; Canadian Study of Health and Aging 1994; Forster et al.
1995; Hebert et al. 1992), an inverse relation (Brenner et al. 1993; Letenneur et al.
1994), or a positive relation (Prince et al. 1994). There are some biologically plau-
sible explanations for a protective effect of smoking on Alzheimer’s disease,
including a memory and cognition enhancing effect of nicotine, possibly through
increasing the density of nicotine receptors of facilitating the release of acetyl-
choline (Newhouse et al. 1994; Nitta et al. 1994). However, one should consider
that some of the findings in previous studies may have resulted from bias (Riggs
1993). Most previous studies were cross-sectional and based on prevalent cases.



82 M. M. B. Breteler et al.

A recent prospective analysis on incident cases of the Rotterdam Study showed
that people who smoked cigarettes had a more than two-fold increased risk of
Alzheimer’s disease (Ott et al. 1998b). Besides bias, an explanation for the dis-
crepant findings may be that some of the earlier studies that showed a protective
effect of smoking included younger cases. It is conceivable that the relation
between smoking and Alzheimer’s disease is age-dependent, for example because
of different genetic susceptibility. Some support for this hypothesis comes from
the observation among early-onset patients that the inverse association between
smoking and Alzheimer’s disease was limited to carriers of the apolipoprotein E4
allele (van Duijn et al. 1995). Smoking may exert different and opposite effects on
the risk of Alzheimer’s disease, being generally harmful through, for example, a
vascular mechanism, but also partly beneficial in specific individuals, especially
in those who carry an apolipoprotein E4 allele. This hypothesis may be sup-
ported by the observation that, in Alzheimer patients, carriers of apolipoprotein
E4 have fewer nicotinic receptor binding sites and decreased activity of choline
acetyltransferase, as compared to non-carriers of this allele (Poirier et al. 1995).
In the Rotterdam Study the elevated relative risk was particularly present for
smokers without the apolipoprotein E4 allele, a finding that also in line with this
hypothesis (Ott et al. 1998b).

Alcohol

The relation between alcohol intake and the risk of any cerebrovascular disease
follows a J-shape. Moderate alcohol consumption decreases the risk of ischemic
stroke (Jamrozik et al. 1994; Stampfer et al. 1988). However, with increasing alco-
hol intake the risk of stroke gradually increases, in particular the risk of hemor-
rhagic stroke. Most studies reported no evidence for an altered risk of Alzhei-
mer’s disease in people with moderate alcohol intake (Graves et al. 1991; Cana-
dian Study of Health and Aging 1994; Brenner et al. 1993), but alcohol abuse has
been reported to significantly increase the risk of dementia or Alzheimer’s dis-
ease (Fratiglioni et al. 1993; Saunders et al. 1991). Recently, the Paquid study, a
population-based prospective study in Gironde, France, reported a protective
effect from alcohol consumption on the risk of dementia (Orgogozo et al. 1997).
Preliminary data from the Rotterdam Study seem to confirm this finding (Brete-
ler et al. 1997).

Indicators of Vascular Disease
Atherosclerosis
Prior cardiovascular events and existing atherosclerosis are well-recognized risk

factors for cerebrovascular events (Kannel et al. 1983; Norris et al. 1991). Clinical
(cardio)vascular disease has hardly been studied in relation to Alzheimer’s dis-
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ease. Because of the diagnostic criteria for Alzheimer’s disease, patients with
overt vascular disease are less likely to be diagnosed as Alzheimer patients (Bre-
teler et al. 1992). In a cross-sectional analysis from the Rotterdam Study, indica-
tors of atherosclerosis of the carotid arteries (wall thickness and plaques as mea-
sured by ultra-sonography) and the presence of atherosclerosis of the large ves-
sels of the legs (assessed by the ratio of the ankle-to-brachial systolic blood pres-
sure) were associated with Alzheimer’s disease. The prevalence of Alzheimer’s
disease increased with the degree of atherosclerosis. The odds ratio for Alzhei-
mer’s disease in those with severe atherosclerosis was 3.0 (95% CI 1.5-6.0) as
compared to those without atherosclerosis. A strong interaction between APOE4
and atherosclerosis was observed. Subjects with at least one APOE 4 allele and
severe atherosclerosis had a nearly 20-fold increased risk for Alzheimer’s disease
(Hofman et al. 1997).

Atrial fibrillation

Atrial fibrillation is a common finding in the elderly and an important risk factor
for cerebral infarctions, which often remain clinically silent (Ezekowitz et al.
1995; Peterson 1990). Cardiac dysrythmias have long been suspected to aggravate
or precipitate dementia (Cardiogenic Dementia 1977), yet studies on cognitive
performance or risk of dementia in patients with atrial fibrillation are rare. In the
Rotterdam Study, atrial fibrillation as assessed in standard 12-lead ECGs was sig-
nificantly more frequent among subjects with dementia (age and gender adjusted
odds ratio 2.3; 95% CI 1.4-3.7) than in those without. The relation was slightly
stronger for subjects with Alzheimer’s disease than for subjects with vascular
dementia and could not be explained by a history of stroke. Most likely the asso-
ciation is due to the hypercoagulable state in subjects with atrial fibrillation
which results in an increased risk of cerebral thromboembolism. The associa-
tions were stronger in women than in men (age adjusted odds ratio for dementia
3.1 (95% CI 1.7-5.5) and 1.3 (95% CI 0.5-3.1), respectively; Ott et al. 1997).
Interestingly, two population-based prospective studies on atrial fibrillation and
stroke showed similar gender differences; in both the Copenhagen City Heart
Study and the Framingham Study women with atrial fibrillation had higher rela-
tive risks of stroke than men (Boysen et al. 1988; Wolf et al. 1991). These gender
differences may be due to different etiologies underlying atrial fibrillation in men
and women.

Conclusion

Alzheimer’s disease is a common disorder in older age. Notwithstanding much
research effort, its etiology is still largely unknown. Etiological research in Alz-
heimer’s disease that also focusses on vascular risk factors is relatively new, and
available evidence is still limited. However, many of the classical risk factors for
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vascular disease, as well as markers of atherosclerosis, seem to increase the risk
for both dementia and its subtype, Alzheimer’s disease. Based on existing epide-
miological evidence it is impossible to distinguish what underlies these associa-
tions. It may be that vascular disease and Alzheimer’s disease have, to some
extent, a shared etiology, and that the risk factors that they have in common
increase the risk of both disorders independently. Another possibility is that vas-
cular disease is involved in the etiology of Alzheimer’s disease. Finally, what is
considered Alzheimer’s disease on clinical grounds may actually be a mixed bag
of dementing syndromes due to cerebrovascular pathology, Alzheimer pathology,
or a combination of the two. And the association may be with the vascular com-
ponent of the dementia syndromes rather than with the Alzheimer pathology.
Further research is required to unravel which and how vascular risk factors con-
tribute to dementia.
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Alzheimer’s Disease:
A Review of Cross Cultural Studies

H. C. Hendrie*

Introduction

The dementing disorders affect approximately 5 to 11% of the community-
dwelling population aged 65 years and over in Western societies, with the preva-
lence rates approximately doubling every five years after age 65 and rising to
more than 30 % in patients 85 years of age and over (Rocca et al. 1986; Torm et
al. 1987; Evans et al. 1989; Henderson 1988). If milder forms of the syndrome are
included, an additional 10 % or more of the elderly population may be affected
(Hendrie 1998). Approximately half or more of all nursing home residents have
dementia (Class et al. 1996). In most studies, Alzheimer’s disease (AD) accounts
for approximately two-thirds of all cases of dementia (Hendrie 1998). It has been
estimated that the cost to the United States for dementia in 1991 was $ 67 billion
(Ernst and Hay 1996). The direct expenditures in the United Kingdom have been
estimated at £738 million (Smith et al. 1995). These costs ignore the enormous
impact, both social and economic, on care givers. Dementia, therefore, represents
a major public health problem for Western society and one that is only likely to
increase over the next several decades, given the current demographic trends.
The impact of the dementing disorders has been less well studied in disadvan-
taged minority groups in countries such as the United States and in developing
countries, where the emphasis on healthcare has been focused on children and
women of childbearing age. When it is considered, however, that in the United
States the so-called minority groups will represent the majority of the population
by the mid-twenty-first century, and that already more than half of the elderly in
the world live in developing countries where health care resources are less avail-
able than in Western countries, studies in these populations become vital (Osun-
tokun et al. 1992).

Comparative cross-cultureal and trans-national studies of dementia, particu-
larly those involving disadvantaged minority groups and developing nations, can
serve two purposes. They can provide data to allow public health professionals to
determine and allocate health resources. Cross-cultural studies involving devel-
oping countries represent a great opportunity for delineating risk factors for the
dementias by providing a much wider diversity of environmental exposures than
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do studies in industrialized countries, where important risk factors may be
missed because of their very pervasiveness. Studies of migrant populations offer
an especially good model to explore environmental effects (Osuntokun et al.
1992). The recent findings of a powerful association of genetic risk factors, such
as the possession of the €4 allele of apolipoprotein E and late-onset AD, only
serve to enhance the importance of these cross-cultural studies (Corder et al.
1993). Epidemiologists will now be able to combine the techniques of population
genetics with environmental risk factor research to explore the interaction
between genetics and environment in the etiology of the dementing disorders.

The necessity and advantages of cross-cultural studies have not escaped the
attention of policy makers. In 1995 the United States’ National Advisory Council
on Aging proposed that a major objective for Alzheimer’s research should be to
“search for selective risk factors through cross-cultural epidemiological studies
as a prelude for developing prevention strategies (National Advisory Council on
Aging 1995). In 1998, the 14™ International Conference on Alzheimer’s Disease
will be held for the first time in a developing country, India. One of the reasons
for this choice was to recognize the universal significance of dementia so that
“this understanding and interest will extend to researchers and funding bodies
so that findings ... may be generalized to the two thirds of older people who do
not live in developed countries” (Prince 1997).

The purpose of this chapter is to discuss studies of dementia and AD which
involve bi-ethnic or multi-ethnic comparisons, together with comparative cross-
cultural studies involving developing countries or migrant populations. Cross-
cultural research is not without controversy, however, particularly regarding the
ability of investigators to make valid comparisons of dementia between popula-
tions from very different economic and socio-cultural backgrounds. These issues
will be discussed in the first section of the chapter.

Methodological Issues

There are many methodological problems in cross-cultural research, particularly
when that research involves populations that may be, for the most part, non-
literate. Three major issues are construction of a sampling frame, development of
culture fair instruments and comparability of diagnoses across sites.

Sampling

In industrialized countries when accurate census data are available, attempts are
usually made to derive a representative sample of that population. However, in
countries where there is a lack of census data and particularly when rates of the
illness studied are likely to be low, a total population survey of a geographically
defined area is desirable. As pointed out in the World Health Organization
(WHO) protocol for the Research on Aging sampling (WHO 1984), an entire vil-
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lage or well-defined area offers advantages of clear structure homogeneity and
decreases the likelihood of missing cases of dementia. The latter technique does,
however, have the disadvantage of lack of generalizability. In our Indianapolis-
Ibadan Study, both techniques were used. In Indianapolis a representative sample
of African Americans was constructed using census data and in Ibadan a total
sample of an area of the city of Ibadan (the Idikan wards) was identified (Hall et
al. 1996).

Development of Culture Fair Instruments

A major challenge for cross-cultural studies in dementia is the development of
culture-fair instruments for assessment. Two basic approaches have been
employed. One approach is to develop new instruments based upon the domains
of the syndrome of dementia to be measured, viz, memory, language, judgment,
etc. The other approach is to start with established instruments and to modify
them to that they can be used in the different cultural settings. There is consider-
able overlap between these two approaches and both have processes in common,
including translation, back translation and, most importantly, harmonization.
“Harmonization” means that the instrument must be harmonious or consistent
with the cultural, linguistic and educational norms of the subject population
(Jorm 1990; WHO 1990). There are advantages and disadvantages to both
approaches. The establishment of new instruments provides more flexibility in
providing for harmonization but the process is more time consuming and the
results are not as easily comparable with existing instruments. Modifying exist-
ing instruments often means more compromise is necessary in providing harmo-
nization; it is, however, a simpler process and the results are more readily compa-
rable with other studies. Both approaches require the establishment of popula-
tion norms. The first strategy should lead to a relatively similar distribution of
scores in the population to be studied. The second strategy is likely to result in
different mean scores in the study populations depending on the individual test
characteristics.

Reliable screening instruments based upon cognitive performance are now
available which have been used in cross-cultural studies, including the Hindi
Mental State Exam (HMSE); Ganguli et al. 1995) and the Cognitive Abilities
Screening Instrument (CASI; Teng et al. 1995). In our studies we developed a rel-
atively new screening instrument that included both cognitive testing and infor-
mant data about performance in everyday living, the Community Screening
Instrument for Dementia (the CSI“D”); Hall et al. 1993, 1996). This instrument
has now been used with comparable results (see Table 1) and with good sensitiv-
ity and specificity in Caucasian, Cree, African American, Chinese and Yoruba
populations. The complicated steps necessary to construct this instrument have
been described in previous publications. They included identification of the
dementia domains, selection and translation of items from these domains with
indigenous investigators, preparation of first drafts for test of acceptability,
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Table 1. Mean cognitive scores and informant scores from the CSI“D” in four populations®

N Cognitive Scores + SD Informant Scores
(Perfect Score = 33) (Perfect Score = 0)
African American (Indianapolis) 2212 304 +28 29+34
Yoruba (Ibadan) 2494 28.0 +3.8 25+25
Cree (Manitoba) 179 30.1 £29 3.1+£25
English-speaking (Winnipeg) 214 30.26 + 2.6 2528

? These scores are not adjusted for education (Hall et al. 1994, 1996). Mean scores from the Jamaican
and Chinese populations are now available and will be published shortly.

reviewing and pretesting and pilot testing second drafts and revision of these
drafts based upon statistical analysis for use in the major study.

For our clinical evaluation, we decided to use primarily the existing Consor-
tium to Establish a Registry for Alzheimer’s Disease (CERAD; Morris et al. 1989)
neuropsychological test battery, which again was translated, back translated and
harmonized. We now have available normative data for the CERAD subtests for
African Americans, Jamaicans and Yoruba (see Table 2, which compares these
data with norms from the CERAD studies and from the Monongahela Valley
Study; Morris et al. 1989; Unverzagt et al. 1996; Gureje et al. 1995; Unverzagt, per-
sonal communication; Gangili et al. 1991).

It must be emphasized that no instrument, even those designed for cross-
cultural studies, can be applied to another culture without repeating the process
of translation, harmonization and development of normative values for the popu-
lation to be studied.

Table 2. Group mean values in several CERAD samples®

Variable African Nigerian Jamaican Caucasian Caucasian
American (Gureje (Unverzagt  (Ganguli (Morris
(Unverzagt et al. 1995) 1998) etal. 1991) et al. 1989)
et al. 1996)
n 83 100 72 1350 275
Age 74.6 73.7 79.3 73.1 68.1
Education 10.2 3.6 6.6 12 14.2
Mini-Mental State Exam ~ 27.2° 21.3° 23.0° 27.2° 28.9°
Animal Fluency 14.4 13.8 9.0 14.2 18.0
Boston Naming Test 12.2 8.2 9.4 14.0 14.6
Constructional Praxis 4 9.0 4.2 6.7 10.5 10.1
Word List Learning (WLL) 14.8 15.2 10.6 18.7 21.1
WLL Delay 4.0 5.7 2.2 7.0 7.2

* Group means from much larger numbers of African American and Joruba subjects are now available
and will be published shortly.

® Mini-Mental State total score based on stating day of the week backwards.

 Mini-Mental State total score based on spelling “WORLD” backwards.
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Diagnostic Consistency

Diagnostic consistency has been a major issue in all epidemiological research,
highlighted recently by the controversy surrounding the apparent large variation
in reported prevalence rates of AD (US General Accounting Office 1998). Part of
the discrepancies arises from the use of different diagnostic criteria for dementia
in epidemiological studies. The effect this would have on reported rates was dem-
onstrated recently by Erkinjuntti et al. (1997), who estimated a 10-fold difference
in dementia rates depending upon the use of one of the existing published crite-
ria. Perhaps an even more vexing issue is determining the threshold for severity
that has to be reached to justify diagnosis for all criteria of dementia. If this
threshold is revised or lowered, the effect would be to include (or not include)
subjects in the dementia category that may be considered cognitively impaired
(CI) in other studies. In three studies that have reported both CI and dementia,
about as many subjects were identified as being CI as being demented (Hendrie
1998). Clearly, in trans-national, cross-cultural studies, attempts to ensure diag-
nostic consistency become crucial.

To establish diagnostic consistency in our Indianapolis-Ibadan study, the fol-
lowing procedures were developed (Hall et al. 1993, 1996; Hendrie et al. 1995).
Prior to the study, faculty from both Indiana and Ibadan participated in WHO-
sponsored training programs (Baldereschi et al. 1994). Later the faculty visited
each site and participated in clinical evaluation of dementia. The diagnostic pro-
cess was as follows. Comprehensive neuropsychological, informant, neurological,
physical and, where necessary, laboratory data were collected. All subjects were
seen by a physician/investigator. A consensus diagnostic conference was then
conducted at each site where the health care personnel, including the examining
physician, the neuropsychologist, and at least one other senior investigator,
reviewed all of the data and arrived at a preliminary diagnosis. Physicians from
Indianapolis and Ibadan then made exchange visits to review the clinical data,
visit selected subjects and, blind to the preliminary diagnosis, make independent
diagnoses. A final consensus conference involving faculty from both sites
resolved differences between sites and arrived at the final diagnosis. This type of
consensus diagnosis depends obviously on having a group of well-trained physi-
cians at each site.

The Necessity for Longitudinal Studies

Longitudinal studies are essential in cross-cultural research for several reasons.
First of all, in developing nations it is likely that mortality rates and survival after
the onset of dementia may differ considerably from those in developed nations.
The studies of prevalence rates by themselves give only a very limited under-
standing of true illness rates. For a more thorough understanding, studies of inci-
dence rates are necessary. Secondly, the establishement of baseline measurements
of cognition and function make the diagnosis of dementia in subjects who subse-
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quently undergo cognitive decline more valid, i.e., subjects act as their own con-
trols. Thirdly, following patients diagnosed as demented offers an opportunity to
test the validity of the original diagnosis by comparing their course to the estab-
lished course of the disease in other countries. This latter validation process is
especially important in epidemiological work in developing nations, where
autopsy studies are unlikely.

Multi Ethnic Comparative Studies in Dementia or AD

A summary of 10 studies of dementia that have included bi-ethnic or multi-
ethnic comparisons usually involving comparisons with the dominant indigene-
ous population is shown in Table 3. Most of these studies took place in the United
States but there are a few located in other countries.

Table 3. Multi-ethnic comparative studies in dementia and AD (compared to dominant indigenous

population)

Country Minority Type Results Explanation
population of study
United States African Prevalence T African Americans 2
Schoenberg et al. 1985)  Americans
United States Non-Whites Prevalence =~ 1 Non-Whites ?
(Folstein et al. 1991)
United States African Prevalence  No direct comparisons  Educational/
(Gurland et al. 1995) Americans 1 African Americans sociocultural/
and Hispanics (75-84) interaction
Unitd States African Cumulative 1 African Americans Genetic/
(Tang et al. 1998) Americans Risk 1 Hispanics environmental
and Hispanics
United States African Prevalence 1 African American Vascular
(Perkins et al. 1997) Americans males
and Hispanics 1 Hispanic males
United States® African Prevalence  No differences
(Fillenbaum et al. 1998) Americans Incidence
United States African Autopsy 1 Vascular dementia Genetic
(de la Monte et al. 1989) Americans | AD
United Kingdom African/ Prevalence 1T Non-English- Language
(McCracken et al. 1997) Caribbean speaking minorities
Chinese
Israel® Arab Israeli Prevalence 1 Arab Israeli - Iliteracy
(Bowirrat et al. 1997) - Genetic
- Environmental
Canada Cree Prevalence | Cree for AD Sociocultural/
(Hendrie et al. 1993) environmental

* Abstract only available.
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Non-United States Studies

The Liverpool Health and Agency (McCracken et al. 1997) study interviewed a
randomly sampled cohort of 418 elderly subjects (65 years and over) of varying
ethnicity (including Black African, Black Caribbean and Chinese). Prevalence of
dementia was estimated using the Geriatric Mental State Exam (GMSE) and the
AGECAT and the results were compared with the results from the larger Mental
Research Council’s (MRC) alpha study. There were no significant differences in
prevalence rates between English-speaking ethnic groups and the indigenous
populations. Higher levels of dementia were found among non-English-speaking
groups but the authors attributed these findings to misinterpretation of items,
such as orientation, in these groups.

Bowirrat et al. (1997) reported on a study of 821 elderly Arab subjects, 60
years and over, living in northeast Israel. Evaluations were conducted by an Arab-
speaking neurologist and AD was diagnosed using NINCDS-ADRDA criteria.
Illiteracy was strongly associated with rates of AD but the prevalence rates within
the Arab-Israeli population were still three times higher than among equivalently
undereducated people in Israel. The authors conclude that the high rates of AD in
Arab-Israelis may be associated with other genetic or environmental factors.

We conducted a two-stage community survey and subsequent clinical exami-
nations of 192 Cree, aged 65 years and over, living on two reserves in Canada and
compared the rates of dementia and AD to an age-stratified sample of 241
English-speaking residents of Winnipeg (Hendrie et al. 1993). Prevalence rates
for dementia were about the same across populations but the Cree had lower
rates of AD. The most striking impression of the investigators in this study was
the continuity of intellectual activities of the elderly in the reserves, where the
elderly Cree have traditionally occupied the role of the transmitters of cultural
learning. A subsequent study of Cherokee Indians (Rosenberg et al. 1995) in the
United States raised the interesting possibility that a greater degree of Cherokee
ancestry also reduced the risk of AD in that population. These investigators pro-
posed a genetic explanation for these findings, however.

United States Studies

One of the first reports involving bi-ethnic comparisons was from the Copiah
County study by Schoenberg et al. (1985). Residents aged 40 years and over of
Copiah County in Mississippi (about equal proportion of Black and White) were
interviewed and estimates of severe dementia were made by an investigator neu-
rologist. Age-adjusted prevalence rates for chronic progressive dementia (AD?)
were somewhat higher (about one and one-half times) in the black population
than in the white population. No attempt was made to explain these Black/White
differences.

A part of the Epidemiological Catchment Area Program, a three-stage East
Baltimore Mental Health Survey, was conducted on a cross-sectional sample of
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923 subjects, 65 years and over (Folstein et al. 1991). Two hundred and ten of
these subjects were non-White. Non-Whites had about a two-fold higher rate of
dementia, both for individuals diagnosed with AD (although the difference was
not statistically significant) and for vascular dementia. No explanations were
offered for these differences.

Two reports involving multi-ethnic comparisons have been published from
the North Manhattan Aging Project. This project identifies cases of AD and
related dementias in subjects 65 years and over living in a defined geographical
area in North Manhattan, consisting of mixed Latinos, African American and
White ethnic groups. Gurland et al. (1995) noted the pervasive effect of low edu-
cation on increased prevalence rates of dementia across socio-cultural groups.
No direct comparisons of prevalence rates were provided by ethnic group but it
was noted that high rates of dementia were found in African Americans 75-84
years of age. In a prospective longitudinal study (2.4 years; Tang et al. 1998) of a
sample of these North Manhattan subjects (n = 1079; 16.8 % African American,
61.2% Hispanic and 22 % White), the cumulative risk of AD to age 90 years
adjusted for education and sex was four times higher for African Americans and
two times higher in Hispanics than in the White population for subjects who did
not possess the APOE ¢4 allele. The investigators suggest that other genes or risk
factors may contribute to the increased risk of AD in these minority subjects.

Perkins et al. (1997) conducted a two-stage study of dementia of 564 retired
municipal workers in Houston (172 Blacks, 40 Hispanics and 352 Caucasians).
Prevalence rates were about two-fold higher among Black and Hispanic men
compared to White men, but these differences did not reach statistical signifi-
cance. The authors suggest that ethnic differences may be due to genetic predis-
position or exposure to other putative risk factors such as head injury, drug his-
tory or toxics.

In a preliminary report of prevalence and three-year incidence of dementia
and AD in a poplation of Blacks and Whites in a five-county, urban/rural area of
North Carolina, Fillenbaum et al. (1998) found no differences between ethnic
groups in either prevalence or incidence rates for dementia and AD. This study
was conducted on a stratified random sample of members of the Duke Estab-
lished Population for Epidemiological Studies of the Elderly (EPESE; n = 4,136;
55 % Blacks).

There is one report from an autopsy study from 144 consecutive autopsies
performed at Johns Hopkins Hospital where a diagnosis of dementia was
recorded (78 Whites and 66 Blacks); de la Monte et al. 1989). The frequency of
AD was 2.6 times higher in Whites than in Blacks, but multi-infarct dementia and
dementia due to alcohol abuse was higher in Blacks. In the same study, in a con-
trol group of 100 neurologically normal subjects (50 Blacks and 50 Whites) inci-
dental histological lesions of AD were observed more frequently in Whites than
in Blacks. The authors conclude that genetic risk for AD and vascular dementia
is different in Blacks and Whites.

Although the majority of studies suggest that minority ethnic groups are at
greater risk for developing dementia and AD, considerable discrepancies remain



Alzheimer’s Disease: A Review of Cross Cultural Studies 95

between the reported findings. This is perhaps not surprising when comparing
different ethnic groups but it is also found in studies of single ethnic minorities,
such as the African Americans. There are several possible reasons for these dis-
crepancies.

The studies vary considerably in methodology, in sampling methods, in
reported rates (prevalence, incidence, cumulative risk) as well as in case identifi-
cation. It might be anticipated that diagnosis of mild dementia, where more reli-
ance is made on neuropsychological tests, may be particularly difficult in ethnic
groups because of communication and language problems as well as the avail-
ability of normative values (McCracken et al. 1997). However, in the North Man-
hattan study, differences between the ethnic and White groups persisted even
when comparisons were limited to moderate to severe dementia (Tang et al.
(1998). One major problem is the sample size in the reported studies. Most have
relatively small numbers of subjects in the individual ethnic categories. This fact,
together with relatively high refusal rates in minority groups in some studies,
makes the reported rates relatively unstable and the corresponding confidence
intervals (which are not always given) high. It is likely that there is considerable
genetic heterogeneity within ethnic groups for example, in Hispanics or African
Americans, based upon their country of origin or from subsequent intermar-
riage. It is also likely that ethnic groups living in diverse geographic settings are
subject of different environmental exposures. Fang et al. (1996) recently demon-
strated considerable variation in mortality rates due to cardio-vascular disease
within African American populations, depending on their place of birth. It is
possible, therefore, that the variation in rates of AD for African Americans in
New york and North Carolina may be explained by a combination of genetic and
site-specific environmental differences.

Cross National Studies

There have been many studies conducted on the prevalence of dementia and AD
throughout the world, although very few have been conducted in non-
industrialized countries. These studies have reported widely different prevalence
rates but these variations have generally been considered to be due to methodo-
logical issues (Graves and Kukull 1993). One persistent finding has been the
reported variation in dementia subtypes between Japan, where vascular demen-
tias predominate, and Europe and the United States, where AD predominates
(Graves et al. 1993). These differences may be due to lack of agreement about the
criteria for vascular dementia between investigators. There have been very pro-
ductive attempts to combine data from studies from different nations, e.g., the
EURODEM project (Brayne 1991), but few international studies have attempted to
use identical methodology in multiple sites. One of the pioneering attempts was
the United States-United Kingdom Cross-National Geriatric Community Study
which found as yet unexplained higher rates of prevalence of dementia in New
York than in London (4.9 % in New York, 2.3 % in London; Gurland et al. 1983).
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Table 4. Age-standardized prevalence rates of dementia in comparative international studies (Cana-
dian study acting as referrent)®

Studies Criteria Age composition Rates (%) Predominant
(Years) subtypes

Ni-Hon-Sea

Japanese American (Seattle) DSM-III-R 65+ 6.3 AD

Japanese American DSM-III-R Over 70 7.6 AD

(Honolulu) (men only)

Japanese (Hiroshima)® DSM-III-R 60+ 5.3 AD (in women)

Indianapolis-Ibadan

African Americans ICD-10 65 + 8.24 AD

(Indianapolis

Yoruba (Ibadan) ICD-10 65+ 2.29 AD

Canadian

Cross National DSM-III-R/ICD-10 65+ 8.0 AD

(English-speaking)

? No prevalence rates as yet are available from the Indo-US Study.
® Abstract only available.

In this section, three major comparative international studies that use similar
methodology and include developing countries and/or migrant populations will
be reviewed: the Indo-US Study and two studies of migrant populations, the Ni-
Hon-Sea Studies and the Indianapolis-Ibadan project. Table 4 summarizes the
prevalence rates for these studies with the results from the large Canadian cross-
national study (n = 10,000) added as a reference point (Canadian Study of Health
and Aging Working Group 1994).

The Indo-US Cross National Dementia Epidemiology Study

The Indo-US Cross National Dementia Epidemiology Study is a comparative
study of the epidemiology of the dementing disorders between an elderly popula-
tion in a rural district in Northern India and a population of elderly subjects liv-
ing in the Monongahela Valley in Pennsylvania, USA (MoVIES Project). The
investigators have published a number of articles about the methodology and the
development of culture fair instruments and also some preliminary findings sug-
gesting that cognitive impairment in India may be related to site-specific, neuro-
logical disorders resulting from nutritional deficiencies. No prevalence data on
dementia or AD are as yet available from this study (Chandra et al. 1998; Ganguli
et al. 1996).



Alzheimer’s Disease: A Review of Cross Cultural Studies 97

The Ni-Hon-Sea Project

The Ni-Hon-Sea Project consists of a group of independently funded comparative
studies of dementia and aging in samples of Japanese populations at three sites:
Hiroshima, Japan; Kings County, Washington (The KAME Project); and Oahu,
Hawaii. The Hawaiian study is part of the Honolulu Heart Program. These stud-
ies, while all independent, have used comparable methodologies, screening and
clinical instruments. Prevalence rates for dementia and AD have been published
from the Hawaii and Washington sites and preliminary prevalence rates have
been reported from Hiroshima (see Table 4; Graves et al. 1996 a, White et al. 1996;
Yamada et al. 1997). Both groups of investigations of Japanese-American popula-
tions in Seattle and Honolulu have commented on the similarity of their reported
rates of dementia and their finding that AD is the predominant dementia subtype
and the reported rates from studies of Caucasian populations in North America
and Europe, suggesting a strong environmental influence on disease rates. They
also commented on the differences between their studies and previously reported
studies of dementia in Japan, where vascular dementia predominates. However,
in the preliminary results from the Hiroshima study, AD was the predominant
dementia subtype for women but in men the rates of AD and vascular dementia
(VD) were about equal.

An intriguing preliminary finding from the Seattle-based Japanese-American
Study was that preservation of a Japanese lifestyle in subjects was associated with
both low levels of cognitive decline and lower rates of AD in that sample (Graves
et al. 1996b).

The Indianapolis-lbadan Study

Since 1992, research teams from the faculties of Indiana University School of
Medicine and the University of Ibadan, Nigeria, have been collaborating on lon-
gitudinal comparative studies supported by the National Institute on Aging
(NIA) of the prevalence and incidence rates of AD and other dementing illnesses
in African Americans residing in Indianapolis and Yoruba living in the Idikan
wards in the city of Ibadan. So far, we have reported significant differences in the
age-adjusted prevalence rates of dementia (8.24 % in Indianapolis, 2.29 % in Iba-
dan) and AD (6.24% in Indianapolis, 1.41 % in Ibadan; Hendrie et al. 1995).
These rate differences may possibly be due to differences in dementia survival in
our two populations. Whether or not true differences exist will depend upon the
analysis of the mortality rates and incidence rates in the two populations, which
is now ongoing. There also appears to be a differential association between the
possession of the €4 allele of APOE and risk for AD in the two communities. The
association in the African Americans was somewhat weaker than that reported
for other populations, being evident only in €4 homozygotes (Sahota et al. 1997).
So far, no association between €4 and dementia and AD has been detected in the
Nigerian sample (Osuntokun et al. 1995). These findings raise the possibility of
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the presence of other factors (environmental or genetic) that reduce the APOE €4
associated risk for AD in populations of African origin. One major difference
between sites is diet. This is reflected in mean cholesterol levels, which are much
lower in Nigerian subjects than in the African American subjects.

Summary

Cross-cultural, trans-national comparative studies of dementia and AD are in
their infancy, but there are already some intriguing findings that may enhance
our understanding of the genesis of Alzheimer’s disease.

The results from the studies in North Manhattan of African Americans and His-
panics, together with the findings from the Indianapolis-Ibadan studies and the
studies of the Cherokees, support the concept that in some ethnic groups - Africans,
American Indians, and Hispanics - the constellation of genetic factors responsible
for AD may differ from those found in Caucasian populations. This variation in risk
association between genetic factors and illness across ethnic groups is not an
uncommon phenomenon. It has been reported, for example, that the association
between molecular variants of the angiotensinogen gene and hypertension differs
in populations of African origin and Caucasian populations (Rotimi et al. 1994).
The findings do reinforce the concept that a full understanding of the genetic con-
tribution to AD will require studies in different ethnic groups.

They also highlight the importance of studying other environmental risk fac-
tors in the genesis of AD. In the case of the African Americans who are particu-
larly prone to cardiovascular disease, the role that vascular risk factors may play
not only in stoke-related dementia but also in AD needs to be explored further.
The great differences in diet between the Nigerians and the African Americans
and the much lower mean cholesterol levels in the Nigerian subjects suggest that
dietary constituents such as fat intake may be risk factors for AD, as has already
been proposed in the Rotterdam study (Kalmijn et al. 1997).

Finally, studies also suggest that certain socio-cultural influences, in addition
to education, either within cultures or between cultures, may play an important
modifying role in the evolution of AD. The preservation of a Japanese lifestyle as
an apparently protective factor for cognitive decline, as reported in the Kame
studies, is one example of this influence. The continuation of the traditional role
of the elderly Cree as an explanation for lower rates of AD in that community, as
suggested by the Cree community leaders, is another. It is tempting to speculate
that other types of cultural interactions and acculturation processes may be par-
ticularly stressful and may account for higher rates of illness in these groups, e.g.,
ethnic minorities in large cities. Socio-cultural hypotheses need to construct a
scientifically plausible connection between psychosocial factors and disease
pathogenesis, however. Perhaps the recent studies suggesting that aging
enhances hypothalamopituitary adrenal axis (HPA) responsivity and that chronic
increases in plasma cortisol levels may be implicated in hippocampal damage
and cognitive decline provide this link (Lupien et al. 1998).
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Dr. Gillum (1996), in an editorial in the New England Journal of Medicine,
proposed a very sophisticated model of the stages in the epidemiological evolu-
tion of patterns of cardiovascular disease among subjects of Sub-Saharan African
origin, involving acculturation, urbanization, affluence, saturated fat intake, salt
intake and smoking. It is too early in the evolution of the cross-cultural studies
of AD to construct similar sophisticated constructs of genetic, environmental
and socio-cultural interactions, but there is already considerable promise that
these models will be more apparent in the near future.
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Summary

The greatest burden of dementia in the population is in age groups that have
shown a marked increase in recent decades, mainly those aged 80 to 84 and
mainly women. This rise is due to the increase in the prevalence of dementia with
age, coupled with the mortality at older ages. As populations age yet further,
there will be increases in those in older age groups, who are at even greater risk
of dementia. Any serious attempt at prevention of Alzheimer’s disease must be
planned with this in mind. Despite difficulties with the definition of dementia
and its subtypes, many research studies are contributing important results to this
research field. Findings from the population are essential in order to quantify the
size of the burden of dementia, how much develops over time and how long peo-
ple in the demented state are likely to live. Knowledge of the risk factors in the
population allows examination of their impact on dementia, and also of the
potential to prevent dementia. In the UK population data are available for cross
sectional findings from the Medical Research Council study of Cognitive Func-
tion and Ageing Study (MRC-CFAS), and for longitudinal findings from the Cam-
bridge City Over 75 Cohort, and from deterministic models of prevalence and
survival to calculate incidence. These models can also be used to look at the dif-
ference between studies in very contrasting settings, such as the Nigerian and
American African studies, in which it can be shown that, despite different preva-
lence proportions, the same incidence can be created through manipulation of
survival of those who are demented compared with those who are not, and by
introducing a lag for the development of dementia. The maximum preventability
of dementia, given current knowledge of risk, can be assessed by examining how
much dementia would disappear if certain risks were eradicated. Studies in prog-
ress will provide much of the essential data over the next decade to know what
impact preventive efforts might have on the total population, and more specifi-
cally on dementia.
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Introduction

Classical epidemiology provides evidence about the association of putative risk
factors with a disease of interest. This approach has worked well with a variety of
chronic diseases, usually those that have clearly defined exposures such as smok-
ing, and with clearly defined diseases, such as lung cancer. With Alzheimer’s dis-
ease, both measurement of the risks and a clear definition of the disease itself
present challenges to researchers. For many years the only risk research in Alz-
heimer’s disease was based on comparing cases of Alzheimer’s disease with non-
demented controls, and these studies failed to identify consistent risks apart
from age and family history. Then, paralleling a flowering of research into patho-
logical mechanisms, there has been a regeneration of interest in the wider risks
for dementia, cognitive decline and the recognition that longitudinal population-
based studies complement the intensive concentration on molecular biological
mechanisms of Alzheimer’s disease. Even so, studies have not yet provided defin-
itive evidence of which, if any, preventive strategies will reduce the population
burden of dementia of Alzheimer’s disease in the future.

This presentation concentrates on UK data on the quantification of the bur-
den now and in the near future, the age relationship of dementia, deterministic
models and the amount of prevention possible.

Defining the Disorder

Whilst a case of Alzheimer’s disease at a young age is very clearly different from
the patient’s peer group, the difference becomes less marked as age increases, and
the probability of dementia becomes much higher. At younger ages the nature of
the dementia process will be clearer, in that vascular aetiology is more dramatic
and the behavioural and psychotic manifestations of frontal or Lewy body
dementia are more obvious, separating these conditions out from the more clas-
sical features of Alzheimer’s disease. At older ages the distinguishing features of
each type of dementia become blurred by the ageing process itself and the fre-
quency of co-morbidity. The difficulty was highlighted in a recent study compar-
ing different criteria, in which very different proportions of a population were
declared demented according to widely used different criteria (Erkinjuntti et al.
1997). Thus definitions of dementia remain rather vague, with a reliance on evi-
dence of change beyond socioculturally accepted norms for the age group under
study. Many prospective studies have shown consistently that the best early pre-
dictors of subsequent cognitive decline and dementia are cognitive measures,
particularly verbal memory (Brayne et al. 1997 a).
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Quantifying Dementia in the Population

Differentiating Alzheimer’s disease from other dementias, and dementia from
general ageing, is still not possible without considerable misclassification.
Attempts to quantify the size of the problem have been useful to emphasise that
this is a syndrome that is costly to society and deserving of a concentration of
research effort. Quantification of the size of the problem has been tackled in
many settings. From a service provision perspective, measures of established
dementia are essential for planning. This fact has reinforced the emphasis on def-
initions of caseness and identification of discrete types of dementia diagnosis. In
the United Kingdom, the Multicentre Study of Cognitive Function and Ageing
confirms the known pattern with age in the prevalence of dementia and cognitive
impairment (MRC-CFAS 1998), providing similar proportions in the oldest age
groups to the previous combined estimates from Europe (Hofman et al. 1994). By
using prevalence estimates and known survival patterns in those who are
demented compared to those who are not in order to calculate incidence, we
showed that the incidence of dementia, mainly Alzheimer’s disease in the oldest
age groups (Brayne et al. 1995a), must continue to rise inexorably (McGee and
Brayne 1998). Projecting forward in time shows that, assuming no prevention
alters the patterns of disease, a considerable rise in the numbers of demented
people can be expected due to the differential rise in those aged over 85 (Melzer
et al. 1997).

Aetiological studies have been conducted, in the main, on the younger old
populations and have limited relevance to the great burden of dementia. Rela-
tively few longitudinal studies have concentrated on the oldest age groups. Volun-
teer studies at such ages tend to be biased towards the healthy old, and loss to
longitudinal population studies can cause considerable bias. Cambridge City has
a longitudinal study of the 75 and over age group which has provided insight into
the extent of cognitive decline in this age group (Brayne et al. 1995b), the inci-
dence of dementia (Paykel et al. 1994) and dementia subtypes (Brayne et al.
1995a) and the neuropathology accompanying decline (Gertz et al. 1998). The
neuropathological arm of the study shows a mixture of pathologies, including
macrovascular, microvascular lesions, tangles and plaques, and general atrophy
in these very old age groups (Brayne et al. 1997 b) which suggest that concentra-
tion on the single entity Alzheimer’s disease is misguided for the oldest age
groups. Strategies examining changes along the dimensional measures that con-
stitute the domain of dementia diagnosis are more appropriate given the diffi-
culty of accurate identification of single underlying processes.

Types of prevention

Prevention can be divided into primary, secondary and tertiary activities. Pri-
mary prevention is the avoidance of causative agents of disease; secondary is
detecting the disease at an early enough stage to prevent the clinical manifesta-
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tion of the disease; and tertiary prevention is preventing the consequences of the
disease. In each case, the natural history, not only risks and treatments but also
matching effective interventions must be known and understood.

Tertiary and Secondary

In dementia most research effort (commercial sector and public sectors) is
directed towards finding therapeutic interventions that might be effective in ter-
tiary prevention of established disease. In addition many calls have been made
for screening of the older population for dementia in order to detect the small
number of dementias that may be caused by reversible disorders such as hypo-
thyroidism, or to set in place management plans at a relatively early stage in the
disease progression. But tertiary prevention can only have a limited effect on
population burdens of dementia, and secondary prevention similarly so - even if
effective methods of screening and treatment were found - since both strategies
are based on altering the natural history in the established disease process.

Primary Prevention

Theoretically primary prevention of dementia could be approached from four
angles, none of which are mutually exclusive. These are genetic, early, mid and
later life approaches.

Several mutations have been established that are associated with Alzheimer’s
disease in families where several members develop early-onset disease. As high
risk individuals with known mutations these families and individuals require ser-
vices and counselling more akin to the services available for Huntington’s chorea.
Some laboratories are providing a research service for screening for mutations
in, for example, the presenilins to the general community. The only genetic find-
ing that is so far relevant to the older population is the finding that the allelic var-
iations of the apolipoprotein E allele (2, 3 and 4) are associated with varying risk
of dementias (Alzheimer’s disease has been examined mainly, but the risk
appears to be non-specific in that it is associated with other dementias, too).
Whether this risk is mediated through a microvascular effect or through the clas-
sical Alzheimer’s pathology is not yet clear, which may have implications for
future action for individuals who are considered to be at greater risk. Much more
data are required from longitudinal population studies linked to neuropathologi-
cal studies before any valid assessment of risk conferred by such genetic findings
can be made. In addition, the predictive value from early life of possessing an E4
allele must be much better understood

One theory on the expression of dementia in life is that there is a reserve
capacity in the brain, and that the greater this capacity is the later the dementia
will be expressed, given a certain level of brain pathology. There are some data to
back this theory up, but it is mainly based on clinical studies. Epidemiological
studies (mainly case control studies) provide some confirmation that brain
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size might protect from dementia. Studies in later life examining the impact of
educational level show that cognitive impairment, and possibly dementia, are
associated with lower levels of attainment. Our own data suggest cognitive
decline is not accelerated by low education but that the starting point is lower.

Whether increasing the brain reserve through adequate intrauterine and
early life nutrition and maximising it through high levels of education would pre-
vent dementia in the population is not known. The only comparative studies with
the same methodologies which show dramatic differences in the prevalence of
dementia are those that have measured African American populations and Nige-
rians. But the findings are converse to the expected, in that the more educated
group in America has a higher prevalence of dementia than the Nigerians. In
addition there are many other potential confounders, such as survival differences
and likelihood of vascular disease, which differ in these populations. Even so, the
pattern of rise with age in the Africans is the same as in African Americans, and
using a deterministic model, it can be shown that, by introducing a short time lag
for the onset of dementia and increasing the likelihood of dying in those who are
demented, the Nigerian and African American incidence rates can be made the
same (McGee and Brayne 1998).

There is no definitive evidence that maintaining an active intellectual life
prevents dementia. It may be desirable for other reasons, such as quality of life,
and it may influence the nature and stage of presentation for care or treatment.
Reducing vascular risk through the variety of methods promoted widely, such as
physical activity, cessation of smoking, moderate but not excessive alcohol intake
and balanced nutrition with adequate micronutrient intake, is likely to reduce
vascular disease in the brain as well as in the rest of the body (partly through the
reduction of late onset Type II diabetes.). These measures are also likely to
increase survival, particularly in men, with the consequence that a greater pro-
portion of the old will survive into the at-risk age groups for dementia.

Active treatments that may influence later expression of dementia and may
be relevant in middle life are hormone replacement therapy and anti-
inflammatory medication intake. Longitudinal studies indicate that some protec-
tion is conferred in individuals taking such medication. This finding has yet to be
confirmed in randomised controlled trials, which will be reporting over the next
few years and are discussed in other chapters.

Adverse exposure to toxins such as aluminium has been shown to cause
some neurotoxicity and has been associated with Alzheimer’s disease, but not
definitively. A general awareness of this association has led to a reduction in the
use by some of aluminium cooking utensils, but aluminium is still added to water
supplies, is used in antiperspirants and as a food additive and exposure is still
widespread. Other toxins such as lead and mercury have been mentioned in the
literature but there is no compelling evidence to suggest they are implicated in
dementia in the population.

The possibilities for prevention from middle life continue into later life. Pre-
ventive strategies for all these areas continue to be effective in later life. Primary
prevention of stroke will prevent vascular dementia so that effective treatment of
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Table 1. Impact of Prevention.
Selected risks from MRC- % of Population reporting risk factor

CFAS (self-reported)

65-74 years 75+ years
Men Women Men Women
Head injury 18 8 8 7
HBP 32 37 25 34
Angina 16 10 16 14
Heart attack 15 6 14 9
Stroke 6 4 11 8
Diabetes 6 5 8 6

hypertension is important, bearing in mind that hypotensive episodes are likely
to be damaging in their own right. There is no evidence to suggest that antihy-
pertensive treatment causes cognitive decline. The prevention of mortality after
first stroke or stroke after transient ischaemic attacks will lead to an increase in
the vulnerability to cognitive deficit in the surviving population.

MRC-CFAS data on self-reported vascular risks are shown in Table 1; Parker
et al. 1998). These range in importance, and any preventive potential will depend
on the size of the risk associated with dementia and the proportion of the popu-
lation exposed to or suffering from the risk at the appropriate age. Assuming an
instant preventive effect and assuming uniformity of effect in all age groups, the
proportion of cases prevented can be calculated and varies considerably
(Table 2). However, these calculations are very simplistic and preventive effort is
likely to lead to other population changes, such as increase in survival.

Considering this evidence on prevention in the context of the population and
neuropathological observational data, the following conclusions can be drawn.
Secondary and tertiary prevention attempt to halt a process that is already ongo-
ing. At advanced ages other, parallel processes, are also proceeding which may
make any such preventive action less effective. These strategies are likely to
reduce the societal burden only marginally. Secondary prevention also presup-
poses accurate differentiation of specific processes at an early stage of the dis-
ease. Primary prevention is the most likely strategy to alter age-specific patterns

Table 2. Potential reduction in
dementia through preventive % exposure
measures %

Relative Risk 5 10 15 20 25
0.5 3 5 7 10 15
0.75 1 2 4 5 6
1.25 1 2 4 5 6
1.50 2 5 7 9 11
2.0 5 9 13 17 20
4.0 13 23 31 37 43
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of dementia. The cognitive decline linked to vascular disease is likely to be the
most amenable to intervention. Prevention can be implemented at all life stages.
Encouraging results from selected longitudinal studies suggest some preventive
potential from some micronutrients, oestrogen (for women) and anti-
inflammatory medication, but whether such findings will be borne out in trials in
the appropriate age groups over relevant time periods has yet to be shown. The
next few years will see many research studies come to fruition, providing many
results answering the uncertainties discussed here.
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The Primary Prevention of Alzheimer’s Disease:
Should We Develop Large-Scale Trials?

D. A. Evans*

Summary

Because the occurrence of Alzheimer’s disease is strongly related to age, and the
oldest population age groups of all developed countries are continuing to
increase in size, the impact of the disease on public health will continue to grow.
Improved treatment for persons who have the disease and support for their fami-
lies are necessary, but by themselves are insufficient to confront a problem of this
magnitude; a strategy for primary prevention of the disease is required as well.
Prevention strategies must consider the possibility that Alzheimer’s disease does
not have any single cause but, like many common chronic diseases, is affected by
a complex array of risk factors, and that the effects of each of these factors on risk
of disease may be small to moderate in magnitude. Changes in risk of this magni-
tude would have great potential for prevention, but will likely be beyond the abil-
ity of even state-of-the-art observational studies to resolve. It is highly likely that
randomized controlled trials of adequate size and design will be necessary to
definitively assess whether such factors as use of estrogens, antioxidant agents
and non-steroidal anti-inflammatory agents protect against Alzheimer’s disease,
and strong consideration should be given to conducting large-scale trials in the
near future. Otherwise, we will likely face continuing uncertainty as to the role of
these and other factors in the prevention of the disease, with conflicting results
from even the best designed observational studies.

The case of prevention of Alzheimer’s disease

The case for prevention as a central strategy against Alzheimer’s disease rests on
two issues: the severity of the public health problem posed by the disease and the
benefits of prevention over cure in confronting a public health problem of this
magnitude.
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R. Mayeux / Y. Christen (Eds.)

Epidemiology of Alzheimer’s Disease:

From Gene to Prevention

© Springer-Verlag Berlin Heidelberg New York 1999




112 D. A. Evans
The magnitude of the public health problem posed by Alzheimer’s disease

Estimates of the incidence or prevalence of Alzheimer’s disease in the general
population have varied widely, with much of the variation due to difference in
study methods. Alzheimer’s disease typically does not occur as a sudden event.
Instead it usually arises gradually, by minute degrees. Thus, the precise dividing
point between normality and Alzheimer’s disease is not a matter of secure agree-
ment, and different investigators, each using intelligence and good judgment,
will place this dividing point at different locations along the continuum between
normality and disease. This fact produces substantial variation in disease inci-
dence and prevalence estimates across studies, especially in the general popula-
tion, in whom it is commonly difficult to separate, with certainty, mild disease
from normality is common. Further, the clinical distinction between Alzheimer’s
disease and vascular dementia can be difficult and is made differently across
studies. Studies that assign a higher proportion of persons with dementia to a
diagnosis of Alzheimer’s disease will often have a correpondingly lower propor-
tion with vascular dementia. Other factors also contribute to variation in esti-
mates of the occurrence of Alzheimer’s disease. The disease is typically not well
detected in the usual delivery of health care, with only a fraction of the disease in
the general population diagnosed and recorded in the health care system. Brief
tests of cognitive function are frequently used as screening tests for Alzheimer’s
disease in general population studies, with detailed clinical evaluation for the dis-
ease restricted to persons who fail the brief screening test, while persons who
pass the test are assumed to be free from Alzheimer’s disease. The sensitivity of
these brief cognitive tests as screening tests is highly imperfect, however, and a
number of persons with the disease will remain in the group of persons who pass
the test and are excluded from evaluation for disease. The resulting underesti-
mate of incidence or prevalence of disease can be substantial, especially if the
group excluded from evaluation is large. Thus, studies that include mild as well
as severe disease, use uniform standard evaluation to detect disease, rely on eval-
uation of the entire population or of a random sample of all population groups
and diagnose vascular dementia less readily will produce higher estimates of
incidence and prevalence of Alzheimer’s disease. Studies that are restricted to
severe disease, rely on health-care systems to detect disease directly or indirectly
(through use informant report), exclude persons who pass brief screening tests
and diagnose vascular dementia more readily will typically produce lower esti-
mates of prevalence or incidence of Alzheimer’s disease.

While these variations in methods affect estimates of the absolute numbers
of persons in the general population with Alzheimer’s disease, the rationale
underlying greatly increased efforts toward prevention is much more strongly
dependent on the future growth in the number of persons with Alzheimer’s dis-
ease. This anticipated growth is strongly dependent on the aging of the popula-
tions in developed countries, not on estimates of the absolute number of persons
affected. As much as they differ in terms of estimating the absolute number of
persons with the disease, there is strong agreement about the very strong associ-
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Fig. 1. Prevalence of Alzheimer’s disease among community residents 65 and older by age and severity
of cognitive impairment. Data from East Boston studies

ation between increasing age and the occurrence of Alzheimer’s disease. Further
evidence that the strength of the association between Alzheimer’s disease and age
does not appear to depend on the dividing point used to separate disease and
normality may be seen in Figure 1. This graph shows the association between
prevalence of Alzheimer’s disease and age found in the East Boston Studies,
which have provided one of the higher estimates of disease prevalence. The total
height of each bar represents the prevalence of disease in each age group, if all
levels of disease severity are included. Each bar is also subdivided according to
three levels of severity of cognitive impairment: mild, moderate and severe. The
high prevalence in the oldest age group, those 85 years of age and older, is not
due to a relative excess of mild cases that might be difficult to separate from nor-
mality. Instead, the marked increase in prevalence with age is seen for each crite-
rion of disease severity.

The implications of this age distribution for the future public health impact
of Alzheimer’s disease arise from the rapid aging of the populations of almost all
developed countries. Sweden, France, Japan and the United States will experience
striking increases in the percents and absolute numbers of persons 80 years of
age and older in their populations. In 1970, Sweden and France had the greatest
proportions of residents over the age of 80 years, 2.3 %, and this proportion will
grow for both countries, somewhat more for Sweden. Growth of the oldest popu-
lation age groups is expected to be especially striking for Japan; the percent of
persons over the age of 80 years was 0.9 % in 1970, but is expected to increase to
over 9% by 2025. The oldest age groups in the population in the United States
will experience more moderate growth; the proportion over the age of 80 years is
expected to increase from 1.8 % in 1970 to 4.3 % in 2025. The common feature of
these patterns is the strong increase in the size of the oldest population groups,
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both as a percent of the total population and in absolute size. The expected
increases from 1970 to 2025 will range from approximately 10-fold in Japan to
2.4-fold in the United States, but the effects on the expected increases in preva-
lence in Alzheimer’s disease will be large for each country. Figures 2 and 3 more
closely examine the implications for the change in prevalence of Alzheimer’s dis-
ease for the United States population (Evans et al. 1990). This may be considered
a somewhat moderate situation because, of the four countries shown, the United
States population over 80 years of age will experience the least increase. Figure 2
uses estimates of the prevalence of Alzheimer’s disease from the East Boston
studies projected to the United States population after adjustment for differences
in the distribution of age, sex and education, and then projects the number of
persons in the United States population with Alzheimer’s disease to the year 2050
using three different United States Bureau of the Census estimates, the low, mid-
dle and high series. These estimates of population growth vary according to
assumptions regarding death, migration and fertility. The growth in the number
of persons with Alzheimer’s disease is striking for each of the three estimates.
Figure 3 repeats the projection of the number of persons with Alzheimer’s dis-
ease using the middle series estimate and separates the contributions to the over-
all increase from each of three age groups. The number of persons with Alzhei-
mer’s disease in the 65- to 74-year-old group will remain fairly constant. The
number of persons with the disease in the 75- to 84-year-old group will increase
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Fig. 2. Change in prevalence of Alzheimer’s disease in the United States using three different United
States Bureau of Census estimates, the low, the middle and high series
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Fig. 3. Projection of the number of persons with Alzheimer’s disease using the middle series estimates

moderately, but the overall increase in the number of persons with Alzheimer’s
disease is clearly being driven by the large increase in the number of persons
from the group that are over the age of 85 years.

Prevention and Treatment

Persons with Alzheimer’s disease clearly deserve the best of treatment, and
strong efforts are warranted to develop drugs that are more effective in limiting
or reversing the effects of the disease on cognition. Similarly strong efforts are
needed to understand and ameliorate the devastating effects of the disease on the
lives of family members of affected persons. Efforts toward treatment of persons
with the disease and support of their families should continue and increase but,
no matter how strong or successful they are, such efforts will likely not be suffi-
cient to confront a public health problem of the magnitude of Alzheimer’s dis-
ease. The case for emphasizing prevention as preferable to treatment can be
viewed from both economic and humanitarian perspectives. From an economic
point of view, the costs of Alzheimer’s disease to individuals and society have
been estimated only inexactly and with substantial variation, but are very large
by any criterion. It seems likely that effective measures to prevent Alzheimer’s
disease would result in great monetary savings, especially in reduction of use of
long-term care. Economic arguments for prevention of other disease have not
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always been fully borne out, however. Especially if the effect of a preventive mea-
sure is to delay the onset of the disease rather than to fully prevent the condition,
it can be argued that prevention will result in increased rather than decreased
health care costs. Alzheimer’s disease, on average, occurs at ages when death due
to other cases is frequent and, at least with current life expectancies, delay of dis-
ease onset may have the same effects as true prevention. It must be acknowl-
edged, however, that at our current knowledge of the effects of potential preven-
tive measures, economic arguments for the prevention of Alzheimer’s disease
must be approached with at least some caution. Overall, the strongest argument
for prevention is a humanistic one. It was summarized well by Geoffrey Rose: “It
is better to be healthy than ill or dead. That is the beginning and the end of the
only real argument for preventive medicine. It is sufficient.” (Rose 1992).

Identifying Preventive Measures
Is Alzheimer’s Disease of Multi-factorial Etiology?

Design of efforts to prevent Alzheimer’s disease must take into account the likeli-
hood that, instead of being due to a single cause, the condition, like many other
common chronic diseases, is of multi-factorial etiology. Many investigators
would agree with MacMahon and Trichopoulos: “If a disease appears to have a
single principal cause, it is for one of two reasons: Either we know of only one
cause, or we have defined the disease in terms of a single cause ..” (MacMahon
and Trichopoulos 1996). Direct experience with Alzheimer’s disease also may be
seen as arguing for a complex multi-factorial origin of the disease. Recent
research suggests that many factors, in addition to age, may increase or decrease
risk of the disease, including level of education or of other markers of socioeco-
nomic status, exposures or experiences during childhood or early adulthood,
blood pressure and other vascular factors, use of estrogens, use of non-steroidal
anti-inflammatory agents and use of anti-oxidants. While some of the observed
associations may be disproved by future studies, the range of risk factors is con-
sistent with experience with other common conditions. The effects of any one of
these factors on overall risk of disease may be small, but because of the large pub-
lic health problem posed by Alzheimer’s disease, the preventive implications of
validly identifying a factor with even a modest effect on disease risk may be sub-
stantial if exposure to the factor can be modified.

Observational Studies

The likelihood of a multi-factorial “web of causation” (MacMahon and Tricho-
poulos 1996) for Alzheimer’s disease places large demands on studies, in that
they must be able to validly identify small to moderate changes in risk. Studies to
identify risk factors with potential for intervention may be somewhat arbitrarily



The Primary Prevention of Alzheimer’s Disease: Should We Develop Large-Scale Trials? 117

divided into three general classes: case-control studies of Alzheimer’s disease,
typically with cases identified through receipt of health care at a clinic or other
medical facility; longitudinal studies of Alzheimer’s disease, often conducted as
large-scale population studies of disease incidence; and randomized clinical tri-
als with occurrence of Alzheimer’s disease as the primary outcome, as distin-
guished from randomized trials of treatments for persons who already have Alz-
heimer’s disease. In general case-control studies have had difficulty in validly
identifying risk factors for Alzheimer’s disease. Sources of difficulty have
included accurate collection of information about risk factors retrospectively
from informants after the onset of disease and, perhaps even more importantly,
ability to identify truly comparable control individuals for comparison to the
persons with Alzheimer’s disease identified through clinical sources. The latter
issue is especially difficult because the persons identified as having Alzheimer’s
disease clinically represent a small, and very likely non-random, fraction of all
persons with the disease. On average, persons receiving health care for a disease
may differ systematically from those with unrecognized disease according to
many factors, including age, socioeconomic status, social networks, and severity
and clinical features of the disease, and some of these factors affecting recogni-
tion of the disease may also affect risk of the disease. Longitudinal observational
studies of incident disease, especially large-scale studies in defined populations,
have been important in identifying risk factors for many common chronic condi-
tions and have contributed substantially to our knowledge of Alzheimer’s disease.
These studies offer two general advantages over case-control studies: ability to
collect risk factor information for all members of a cohort prior to the onset of
overt disease, and potential to ascertain the presence or absence of the disease
uniformly for the cohort.

Despite these advantages, longitudinal population-based studies of incident
Alzheimer’s disease also must confront limitations. Many of the risk factors of
interest in the prevention of Alzheimer’s disease are related to one another. For
example, use of estrogens among older women is inversely related to age and
positively related to education and other markers of socioeconomic status. To
accurately assess the relation of use of this hormone to disease incidence, it is
necessary to separate its potential effects from any confounding effects of age and
education. Although this can be done by statistical adjustment, it is difficult to be
sure that a study has measured each of the factors precisely enough to permit
completely adequate adjustment. As the magnitude of the potential risk associ-
ated with a factor becomes smaller, it becomes more difficult to definitively sepa-
rate any true effect from the possibility of residual confounding by other vari-
ables associated with the disease, both the variables about which one knows, and
the possibility of confounding by unknown and unmeasured confounding vari-
ables. The magnitude of many of the risks that may be important to the preven-
tion of Alzheimer’s disease will likely be beyond the ability of even state-of-the-
art observational studies to resolve definitively.
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Developing Strategies for the Primary Prevention
of Alzheimer’s Disease: The Role of Randomized Trials

The issue of whether to develop and implement a strategy for the primary pre-
vention of Alzheimer’s disease at this time deserves careful consideration. Ran-
domized trials are not the only component of a strategy for prevention; successful
primary prevention efforts will require continued emphasis on basic laboratory
work to provide the knowledge of pathogenesis on which preventive measures
can be based, and even greater emphasis on observational epidemiological stud-
ies, especially large-scale longitudinal, population-based studies. Randomized
trials are, however, an essential component of an effective primary prevention
strategy. One of the key advantages of randomized trials over observational stud-
ies is that randomization in a trial of adequate size and design offers potentially
complete control of confounding. Adequate randomization assures that, on aver-
age, confounding factors will be equally distributed in the intervention and
non-intervention groups, and that this will apply not only to known confounding
factors but to any confounding factors that are present but unsuspected at the
time the trial is conducted. For effects of moderate to small size that have poten-
tial public health importance, “the results of a randomized trial will yield the
most direct epidemiologic evidence on which to base a judgment of whether
an observed association is one of cause and effect” (Hennekens and Buring
1987).

Points may be raised for and against trials of primary prevention of Alzhei-
mer’s disease at this time. Perhaps the most compelling argument for them flows
from the combination of the public health problem posed by the disease, which
is large and continuing to grow, and the possibility that further large-scale obser-
vation studies of rigorous design will provide only equivocal and variable evi-
dence regarding some factors of potential importance, because the effects of
these factors are sufficiently small that they are difficult to separate from residual
confounding. Points arguing against primary prevention trials at this time
include their complexity, costs and the possibility that they may draw resources
away from other research projects in the field. A crucial issue is whether we have
preventive measures with sufficient support from laboratory, clinical and obser-
vational epidemiologic studies to warrant testing in randomized trials. As impor-
tant but often conflicting findings emerge suggesting that some agents may have
potential to partially prevent or delay onset of the disease, the questions facing
the field are not whether trials of primary prevention should be conducted but
are questions of timing and emphasis. For which agents do findings of potential
efficacy and low risk warrant randomized trials of primary prevention now or in
the near future? The large and growing public health and economic impacts of
Alzheimer’s disease constitute a firm rational basis for continued expansion of
research funding, but can this funding be expanded sufficiently rapidly in the
near future to cover the costs of large scale trial without impairing funding in
other areas?
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The most likely candidates for large-scale trials of primary prevention of Alz-
heimer’s disease may be estrogens, non-steroidal anti-inflammatory agents and
anti-oxidant vitamin supplements, especially vitamin E. For each of these three
interventions, laboratory studies are available that suggest a plausible mecha-
nism of action that could partially prevent or delay the onset of Alzheimer’s dis-
ease. The base of observational studies suggesting that persons who use the agent
are at lower risk of Alzheimer’s disease than are persons who do not is probably
strongest for use of estrogens, intermediate for non-steroidal anti-inflammatory
drugs and least well developed for anti-oxidant nutrients. On the other hand, a
treatment trial indicates that one anti-oxidant nutrient, vitamin E, slows progres-
sion of some aspects of Alzheimer’s disease, and anti-oxidants appear to have
lower toxicity than either estrogens or non-steroidal anti-inflammatory agents.
The first large-scale trials of estrogen in primary prevention of Alzheimer’s dis-
ease have begun, and trials of other agents, such as non-steroidal anti-
inflammatory agents, are at the stage of being planned or proposed.

A central feature of the rationale for randomized trials outlined previously is
that Alzheimer’s disease is likely to be of multi-factorial etiology and that most
risk factors and preventive measures are likely to modify risk of disease only
slightly or moderately. It follows that, at best, the results of any single primary
prevention trial will lead to incomplete prevention or delay in onset of the dis-
ease. Even small or moderate reductions in disease occurrence would be of sub-
stantial public health importance, however, and the vision for an overall preven-
tion strategy would be to achieve a major reduction in the occurrence of the dis-
ease in incremental steps, as individual risk factors and preventive measures are
identified, the same strategy that has been effective in lowering risk of other
common chronic diseases such as coronary heart disease. Thus, beginning to
conduct large-scale trials of primary prevention of Alzheimer’s disease is proba-
bly best seen not as a leap that will soon lead to dramatic reductions in occur-
rence of the disease but as starting down a path that will ultimately reach this
goal. This path is also likely to pass through some difficult regions. Our knowl
edge of the pathogenesis of Alzheimer’s disease remains uncertain, but disease
prevention does not always require a full understanding of the etiology of the dis-
ease. For example, sterilization of needles was identified as an important means
of reducing risk of hepatitis long before the etiologic agents were described
clearly. Because it is not possible to identify risk factors and preventive measures
with certainty from the results of observational studies, it is very likely that some
expensive and time-consuming primary prevention trials will produce only null
results, while others are highly successful. The motivation to carry out random-
ized prevention trials Alzheimer’s disease should probably arise not from any
anticipation of rapid sweeping success but from fear of the consequences of wait-
ing too long to use this means of confronting a disease that poses such a large
threat to public health.
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Possibilities for Secondary Prevention
of Alzheimer’s Disease

I. Skoog*

Summary

The aim of secondary prevention is to detect a disease early, when it is asymp-
tomatic, and by treatment prevent it from progressing into a serious outcome.
Several criteria must be fulfilled before a secondary prevention programme can
start. First, the disease has to have a preclinical phase that is possible to detect, it
should be common enough to warrant a search for its latent stages, and the con-
sequences of the untreated condition must be substantial. Second, an effective
screening test must exist that is acceptable to the population and suitable for rou-
tine application. Third, there must be enough resources to do a diagnostic work-
up in those patients with a positive screen. Finally, an effective therapy must exist
that is more beneficial at the presymptomatic than at the symptomatic phase.

Alzheimer’s disease has a preclinical phase characterized by a large number
of cognitive, psychiatric, behavioral and subcortical symptoms. However, there is
a large overlap with normal aging, which makes screening difficult. The screen-
ing instruments presently used are mainly directed towards the cognitive symp-
toms of dementia and are not specific for Alzheimer’s disease. Early therapeutic
interventions in Alzheimer’s disease are not possible at present as no specific
treatment exists that could reverse or delay the disease process. However, second-
ary prevention may be directed towards comorbid conditions that may increase
the possibility that individuals with Alzheimer’s disease pathology express a
dementia syndrome. If drugs acting directly against the neuronal damage in Alz-
heimer’s disease are successful, the role of secondary prevention of Alzheimer’s
disease may change dramatically.
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Prevention

Prevention is often classified into several levels, depending on when interven-
tions are instituted in relation to the clinical symptoms of the disorder (Fig. 1).
The aim of primary prevention is to preserve health by removing the precipitat-
ing causes and determinants of the disease. In epidemiological terms, the aim of
primary prevention is to reduce the incidence of disease by eliminating the
causes or main risk factors (Last 1988).

The aim of secondary prevention is to prevent the disease from progressing
into a serious outcome by means of early detection followed by definite treat-
ment. In epidemiological terms, the aim of secondary prevention is to reduce the
prevalence of the disease.

Several criteria must be fulfilled before a secondary prevention programme
can start (Wallace and Everett 1992; Thomas 1992; Wilson and Jungner 1968).
These can be divided into criteria related to the disease, the screening, the treat-
ment and the evaluation.

Considerations related to the disease are that the disorder should be common
enough to warrant a search for its latent stages, because screening for very rare
diseases may result in unacceptable cost-benefit ratios. Second, the disorder
should have a preclinical phase that is possible to detect. Ideally, the preclinical
phase should be long. Finally, the consequences of the untreated condition must
be substantial.

Considerations related to the screening procedure include the existence of an
effective screening test, with acceptable sensitivity, specificity and predictive

Disease Clinical Death

Onset Diagnosis
Primary Secondary prevention Tertiary prevention
prevention

{

Risk { Brain {
factors damage
Genetic — age
factors

Preclinical symptoms Mild - moderate - severe

Preclinical phase Clinical phase

Fig. 1. Progression of Alzheimer’s disease
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value. The screening test should be acceptable to the population and suitable for
routine application. The consequences of a false positive or a false negative test
should be acceptable. Finally, there must be enough resources to do a diagnostic
work-up in those patients with a positive screen.

Considerations regarding treatment are that an effective therapy must exist
that is more beneficial when applied to the presymptomatic than to the symp-
tomatic phase.

In this chapter, these criteria will be presented in more detail in relation to
Alzheimer’s disease. At present, several of the criteria are not fulfilled for Alzhei-
mer’s disease, such as the lack of effective screening instruments and definite
treatment. If second generation drugs for Alzheimer’s disease, acting directly
against the neuronal damage, are successful, the role for secondary prevention of
Alzheimer’s disease may change dramatically.

The Disease

The Disease Should be Common Enough to Warrant a Search
for its Latent Stages

Screening for very rare diseases in the general population will result in a high
proportion of false positive tests, leading to unacceptable costs for society and
unnecessary trauma for the individual. Therefore, target populations at high risk
of the disease are often identified (Thomas 1992). Examples of populations at
increased risk for Alzheimer’s disease are the age group above age 75-80, indi-
viduals with a family history of dementia, individuals with low education, indi-
viduals homozygotic for the apoE &4 allele, individuals with Down’s syndrome,
individuals with poor performance on cognitive testing, individuals with a his-
tory of severe head trauma, families with autosomal dominant mutations (e.g., in
the presenilin-1 gene) and individuals with vascular disorders (e. g., white matter
lesions or hypertension). The selection of high risk populations requires ethical
consideration as it may be a psychological trauma to be selected. Genetic testing
in asymptomatic individuals to identify groups at high risk of developing Alzhei-
mer’s disease is not warranted, except for rare autosomal dominant early-onset
families (Post et al. 1997). The presence of an €4 allele of APOE, and especially €4
homozygosity, increases the lifetime risk for developing Alzheimer’s disease but
it is not sufficient to predict disease in asymptomatic individuals, and a large
proportion of individuals with this phenotype will never develop the disease.

The Consequences of the Untreated Condition Must be Substantial

This criterion is relevant for Alzheimer’s disease, which is a chronic disorder with
a slowly progressive course. During the course of the disease, the patient’s func-
tions in daily living inevitably deteriorate. Alzheimer’s disease is therefore the
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most important cause of institutionalization in the very elderly (Skoog et al. 1993;
Fratiglioni et al. 1994).

Survival is reduced in Alzheimer’s disease, and it is considered to be the
fourth or fifth most common cause of death in Western society. The influence of
dementia on survival at high ages is substantial because of its high prevalence.
Katzman et al. (1994) reported a population attributable risk (PAR) for death in
Alzheimer’s disease and vascular dementia of 5% in the age group 65-74 years
and 21 % in those above age 75. In 85-year-olds, Aevarsson et al. (1998) reported
a PAR for death in Alzheimer’s disease and vascular dementia of 31 % in men and
50 % in women.

The Disease Should Have a Preclinical Phase

Alzheimer’s disease is generally believed to have a slowly progressive course with
an incipient onset (McKhann et al. 1984). Longitudinal studies show that its pre-
clinical phase starts many years, or even decades, before it becomes clinically
manifest. These studies report that the preclinical phase is mainly characterized
by impairments in cognitive functions, such as memory, language, spatial orien-
tation, immediate auditory attention, concentration and psychomotor speed (Rit-
chie et al. 1996; Dartigues et al. 1997; Masur et al. 1994; Jacobs et al. 1995; Persson
et al. 1991; Persson and Skoog 1992; Aevarsson 1998). The symptoms noted dur-
ing this phase are generally subtle and difficult to distinguish from normality at
an individual level. The early phase also includes a large number of psychiatric
manifestations, such as visual hallucinations, paranoid symptoms, compulsions
(Aevarsson 1998) and depressed mood (Devanand et al. 1996). Behavioural
symptoms during this phase involve symptoms of inhibition or retardation (Pers-
son et al. 1991; Verhey 1993; Aevarsson 1998) as well as of decreased inhibition
(Aevarsson 1998). Finally, an increased frequency of extrapyramidal signs has
been noted (Richards et al. 1993). It is believed that these early symptoms reflect
degeneration in certain areas of the brain.

Screening

A major part of secondary prevention is screening. The purpose of screening is
to detect individuals with asymptomatic (latent) disease who can be effectively
treated (Wallace and Everett 1992). A prerequisite for secondary prevention is,
therefore, the existence of an effective screening test, with an acceptable high
sensitivity, specificity and predictive value.

Sensitivity

Sensitivity is the proportion of the patients with the disease (i.e., false negatives
and true positives) who are classified as diseased with the test, expressed as:
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Sensitivity = [true positives/(true positives + false negatives)] x 100

True positives are individuals with the disease whose test results are positive.
False negatives are individuals whose test results are negative despite the fact that
they have the disease (Wallace and Everett 1992). Sensitivity is decreased by the
proportion of cases missed by the test (false negatives). The number of patients
with the disease who will be missed (false negatives) increases as the sensitivity
of the test decreases. As the sensitivity increases, so do the number of false posi-
tives in most cases.

Specificity

Specificity is the proportion of true healthy individuals (i.e., false positives and
true negatives) who are classified as healthy, expressed as:

Specificity = [true negatives/(false positives + true negatives)] x 100

Specificity is decreased by the proportion of healthy individuals who have a posi-
tive test result (false positives). As the specificity of the test decreases, the num-
ber of people that will erroneously be considered to have the disease (false posi-
tives) increases.

Sensitivity and specificity are generally inversely related. As sensitivity
increases, specificity decreases, and vice versa.

The Positive Predictive Vaiue

The positive predictive value is the proportion of individuals with a positive test
(i.e., true positives and false positives) who actually have the disease, expressed
as:

Positive predictive value = [true positives/(true positives + false positives)] x 100

The positive predictive value is decreased by the proportion of non-cases found
to be positive (false positives). As the positive predictive value of the test
decreases, the proportion of healthy people among those with a positive screen
(false positives) increases.

Application of Screening Instruments in Different Types of Samples

Sensitivity, specificity and positive predictive values for different screening
instruments are in general applicable only to similar populations and circum-
stances in which they were performed (Wallace and Everett 1992; Ritchie 1988).
At any given sensitivity and specificity, the positive predictive value is directly
related to the prevalence of the disease (Galen and Gambino 1975), i.e., if the
prevalence is high, the positive predictive value will also be high, and it will
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Table 1. Positive predictive value in populations with different prevalences of the disease

Prevalence Sensitivity 95 % Sensitivity 87 % Sensitivity 80 % Sensitivity 50 %
Specificity 95 % Specificity 92 % Specificity 80 % Specificity 50 %

1% 19% 10% 4% 1%
5% 50 % 36 % 17 % 5%
10% 68 % 55% 31% 10%
20% 82% 73% 50 % 20%
75% 95 % 97 % 92 % 75%

decline if the prevalence of the disease declines. This is illustrated in Table 1. For
example, if we have a test with a high sensitivity (e.g., 95 %) and high specificity
(e.g., 95 %), and we assume that the prevalence of dementia is 1 %, then only one
of five individuals with a positive test will actually have the disease. Eighty per-
cent will have a false positive test. Thus, a high sensitivity of a test applied in a
population with a low prevalence of the disease will result in a high number of
false positives. On the other hand, when the prevalence of the disease is high,
positive predictive value will be high. In summary, more false-negative test
results occur if the disease is common, and more false positive tests occur if the
disease is rare (Thomas 1992).

Instruments developed and validated on patient samples may thus not have
the same sensitivity and specificity when applied to unselected population sam-
ples (Ritchie 1988), where secondary prevention is supposed to be performed.
Most tests and biological markers for Alzheimer’s disease are tested and devel-
oped in clinical settings, where the proportion of Alzheimer’s disease is high.
Thus, the positive predictive value in these settings is deemed to be high, as may
be seen in Table 1. One example of this is the finding that the presence of the
apoE ¢4 allele in demented patients with suspected Alzheimer’s disease in special
evaluation units has a high predictive value for the neuropathologic diagnosis of
Alzheimer’s disease (Saunders et al. 1996). In these units, the prevalence of Alz-
heimer’s disease at autopsy was high, about 85 %. In more unselected popula-
tions, the positive predictive value is probably considerably lower.

One should also consider that the first screening (prevalence screen) has a
higher positive predictive value than the second screening (incidence screen),
because the first screening includes all cases irrespective of onset whereas the
second screening includes only new cases (Fletcher et al. 1996).

Screening for Alzheimer’s Disease

Although there is a preclinical phase of Alzheimer’s disease, there is a large over-
lap in symptomatology between non-demented individuals who later develop
dementia (subclinical cases) and those who do not, and between those who
develop Alzheimer’s disease and vascular dementia. At present no effective and
specific screening test for Alzheimer’s disease exists, but several short instru-
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ments for the detection of the cognitive symptoms of dementia are in use. These
tests may detect dementia per se, but they are not specific for Alzheimer’s disease
and those detected have to go through an extensive work-up to decide whether
they have dementia or not and, if so, if they have Alzheimer’s disease or some
other type of dementia. Furthermore, these cognitive tests are effective in screen-
ing for moderate to severe dementia but less effective in finding cases with mild
or preclinical dementia.

Furthermore, the selection of a cut-off score is difficult because the dimen-
sional rather than categorical character makes subclinical and mild dementia
often difficult to separate from normal aging (Brayne and Calloway 1989; Hen-
derson and Huppert 1984; Mowry and Burvill 1988). It is possible that screening
tests that take the individual’s previous intellectual level into consideration (e.g.,
by obtaining information from key informants or by following the patients over
time) may be more effective in screening for mild or preclinical dementia.

The most widely used instrument to screen for the cognitive symptoms of
dementia is the Mini-Mental State Examination (MMSE; Folstein et al. 1975). Its
maximum test score is 30. The traditional cut-off score of 23/24 is regarded to be
compatible with a clinical diagnosis of moderate to severe dementia. As the
MMSE is the most widely used and validated screening instrument for dementia,
it will be used as an example of a cognitive screening instrument in this review.
In common with other similar screening instruments, the MMSE detects most
cases of moderate to severe dementia but about half of the cases with mild
dementia are screened negative (Kay et al. 1985; Aevarsson 1998).

In cross-sectional population studies, a cut-off score of 23/24 in the MMSE
has been shown to have acceptable sensitivity and specificity for the detection of
prevalent cases of dementia (O’Connor et al. 1989; Grut et al. 1993; Aevarsson
1998), generally in the range of 80-90 %. These figures are in relation to demen-
tia in general, and sensitivity and specificity are probably much lower in mild or
subclinical dementia, which are the target populations for secondary prevention.
Sensitivity, specificity and positive predictive value for different cut-off scores of
the MMSE are shown in Table 2. In line with most screening instruments for the

Table 2. Sensitivity, specificity

and positive predictive values ~ Cut-off Sensitivity Specificity PPV

(PPV) for different cut-off

points on the MMSE. 17/18 54 98 91

The Kungsholmen Study® 18/19 58 98 85
19/20 61 98 84
20/21 66 97 82
21/22 71 96 77
22/23 79 94 71
23/24 87 92 68
24/25 90 86 57
25/26 94 77 44
26/27 97 62 34
27/28 100 41 26

? Grut et al. 1993.
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Table 3. Proportion of vascu-

lar dementia using different N =85 %
criteria®
DSM-IV 76
ICD-10 33
NINDS-AIREN 14
Chui criteria 27

 Wetterling et al. (1996).

cognitive symptoms of dementia, performance on the MMSE is influenced be
educational level (Crum et al. 1993; Jacqmin-Gadda et al. 1997; Ylikoski et al.
1992).

Another problem in secondary prevention of Alzheimer’s disease is the defi-
nition of a true positive case. The most often used criteria for the clinical diagno-
sis of Alzheimer’s disease are those of the NINCDS-ADRDA (McKhann et al.
1984), which mainly represent diagnosis by exclusion and do not specify how to
diagnose patients with concomitant vascular diseases. The agreement between
the NINCDS-ADRDA criteria and neuropathological diagnosis of Alzheimer’s
disease has been reported to be 80-90% (Jellinger 1996; Mendez et al. 1992).
However, these correlations emanate from specialized academic centers and are
based on patients followed for several years. The accuracy rate in the earlier
stages of the disease and in large-scale prevention programs is not known.

The main diagnostic problem is to distinguish Alzheimer’s disease from vas-
cular dementia Alzheimer’s disease may sometimes have a course suggestive of
vascular dementia, and vascular dementia may have a course suggestive of Alz-
heimer’s disease (Erkinjuntti and Sulkava 1991; Fischer et al. 1990). Alzheimer’s
disease may be underdiagnosed in persons with cerebral infarcts as neither clini-
cal nor pathological evidence of cerebrovascular disease means that it caused the
dementia. However, Alzheimer’s disease may also be overdiagnosed as many
infarctions are clinically silent and infarcts in cases of typical Alzheimer’s disease
may be dismissed as being irrelevant. Depending on the criteria used, the pro-
portion of demented individuals diagnosed as Alzheimer’s disease or vascular
dementia may differ considerably (Skoog et al. 1993; Amar et al. 1996; Wetterling
et al. 1996), as may be seen in Table 3.

Acceptability

A screening test has to be acceptable to those screened with regard to safety,
pain, other discomfort, adverse consequences, esthetic and cultural barriers, the
costs and efforts. If the test is not acceptable for these reasons, people may not
agree to be screened (Thomas 1992).

No biological marker exists for Alzheimer’s disease today. Analysis of cere-
brospinal fluid (CSF) shows a markedly decreased level of B-amyloid AB(1-42)
(Motter et al. 1995) and an increased level of tau protein (Blennow et al. 1995;
Skoog et al. 1995) in Alzheimer’s disease. Even if these biochemical markers
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should be effective in identifying very early Alzheimer’s disease in unselected
populations, a lumbar puncture will probably not be acceptable as a general
screening instrument for Alzheimer’s disease. However, acceptability will
increase if effective early therapies exist.

Suitability

The test must also be acceptable to the clinicians who are supposed to administer
it. It must thus be easy and possible to administer to the people in the target pop-
ulation (Thomas 1992). The time to administer it should be short. The formal
qualifications needed for the staff that administer it should be as small as possi-
ble. Ideally, special equipment and special resources should be kept at a mini-
mum, and the test should be administered at the usual appointment and not at an
extra session. The preparation of patients should be minimal and the costs of
screening and subsequent evaluations minimal. Most of these criteria apply to
the short screening instruments used to detect dementia at present. However,
even if the test is simple to administer, the work-up for those screened positive
may be costly and exhaustive.

The Consequences of a False Positive Test

A false positive test is a false alarm. The consequences of this for the individual,
the medical care system, and the screening program must be considered before
a screening test and its cut-off score against normality is chosen (Thomas 1992).
A test with a high sensitivity will detect more of the cases, but will also lead to
more false positive cases.

It is the falsely screened who have to pay for the successful screening and
treatment of the true positive. For the individual, a false positive test will lead to
unnecessary psychological trauma and inconvenience. The positively screened
individual may get a negative labeling, i.e., a negative psychological reaction
because of the test result (Fletcher et al. 1996). For example, if a test for cognitive
function is used for the screening of Alzheimer’s disease, the falsely screened
positive will have a label of being cognitively impaired even if the work-up shows
that he does not have Alzheimer’s disease, or even dementia. If the test leads to
auxillary investigations, it will take unnecessary time for the falsely screened and
the examinations may be exhaustive and painful. It has to be decided how much
of this the erroneously screened individual will have to bear. When deciding
whether a secondary prevention program should start, one should calculate the
ratio of false positives, not only for every true positive, but for every true positive
who is successfully treated, and decide whether this ratio is acceptable.
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There Must be Resources for a Diagnostic Work-Up
in Those who had a Positive Screen

It has to be decided whether there are sufficient facilities and personnel to pro-
vide the necessary diagnostic test to determine whether those screened positive
actually have the disease. It is necessary to decide the cost-benefits and if there is
someone who will pay the costs. One must also consider the reactions from phy-
sicians who will have a large number of healthy people referred to them for diag-
nostic evaluation.

In Alzheimer’s disease, a complete work-up in those screened positive
includes careful history-taking, neurological, psychiatric and physical examina-
tions, interview with a close informant, brain imaging, a chest X-ray, and bio-
chemical screening including vitamin By, level, a thyroid function test and, in
selected cases, a cerebrospinal fluid examination (Katzmann 1986). These proce-
dures are necessary to exclude other causes of dementia (such as hypothyroid-
ism, vitamin B,, deficiency, brain tumors, normal pressure hydrocephalus, sub-
dural hematoma or cerebrovascular disease) and have generally not been possi-
ble to perform in large scale studies such as screening programs.

The Consequences of a False Negative Test

A false negative test may give a false sense of security, and the disease may then
progress to a noncurable stage (Thomas 1992). For the screening of Alzheimer’s
disease and cognitive impairment, this may be the case if there is a treatable sec-
ondary form of dementia (e.g., a brain tumour) that progresses to an uncurable
stage. This scenario could have legal implications, particularly if a more sensitive
test, or a more sensitive cut-off score, could have been used. In the future, if more
effective treatments for Alzheimer’s disease are introduced, the question of false
negatives will be even more important.

An Effective Therapy Must Exist
Current Possibilities

Early therapeutic interventions and secondary prevention in cases of Alzheimer’s
disease are not possible at present because no specific treatment exists that could
reverse or delay the disease process. The present treatments with first generation
drugs for Alzheimer’s disease (i.e., acetylcholine esterase inhibitors, such as tac-
rine and donepezil), which slightly improve dementia symptoms by preventing
the breakdown of acetylcholine, are only symptomatic. It is not clear whether
these drugs, if introduced at the preclinical phase, could delay the onset of clini-
cal symptoms of dementia.

Secondary prevention of dementia may at present also include measures to
identify “reversible” contributing causes of the clinical symptoms of Alzheimer’s
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disease, such as brain tumors, subdural hematomas, thyroid disease, depression,
normal pressure hydrocephalus, and vascular disorders. With regard to cerebro-
vascular disorders, many infarcts are clinically silent. It was recently reported
that concomitant cerebrovascular diseases increase the possibility that individu-
als with Alzheimer’s disease pathology will express a dementia syndrome (Snow-
don et al. 1997). Thus, treatment of these contributing causes may actually
reverse the clinical symptoms of Alzheimer’s disease. Vascular disorders are com-
mon in elderly populations. Their etiologic fraction for the clinical expression of
Alzheimer’s disease may thus be high. Some prospective intervention studies are
now underway to test the possibility that treatment of hypertension may prevent
Alzheimer’s disease.

Future Possibilities

If second generation Alzheimer’s disease drugs, acting directly against the neuro-
nal damage, are successful, the role for secondary prevention of Alzheimer’s dis-
ease may change dramatically. Other possibilities for treatment in the future may
include the use of estrogens (Tang et al. 1996), anti-inflammatory drugs (McGeer
and McGeer 1995; Breitner et al. 1995), antioxidants (such as selegiline and a-
tocopherol; Sano et al. 1997), antihypertensive drugs (such as ACE-inhibitors;
Skoog 1997), gangliosides and growth factors. Trials are now underway to test
several of these compounds.

Another requirement, if secondary prevention should be considered, is that
the treatment should be more beneficial when applied to the presymptomatic
than to the symptomatic phase. However, at present, there is no evidence of an
anti-dementia drug that is more effective at the preclinical than at the clinical
phase, although intuitively it seems likely that early treatment would be benefi-
cial in Alzheimer’s disease.

Evaluation of Secondary Prevention

Program evaluation should be considered when the program is being planned.
Some lessons applicable to Alzheimer’s disease could be learned from secondary
prevention of other chronic disorders.

Evaluation of the effectiveness of secondary prevention should consider three
levels. First, one must evaluate whether treatment in presymptomatic individuals
who are screened positive is beneficial. This could be done by means of random-
ized double-blind clinical trials. Second, one must evaluate whether treatment at
the subclinical stage is more effective than treatment after symptom onset.
Finally, one must evaluate whether the whole program (including screening and
treatment) is effective. Some pitfalls exist for the last two levels that may lead to
misleading results regarding a screening program’s value (Wallace and Everett
1992).
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One of these occurs when treatment at the subclinical stage is evaluated
against treatment after symptom onset by comparing treatment response in these
groups (Thomas 1992). By definition those detected at screening more often have
a less advanced disorder. However, these mild cases detected at screening may
not have a similar course as those detected after symptom onset. For example, a
large proportion of those with subclinical cognitive deterioration do not progress
to manifest Alzheimer’s disease, but the great majority of cases with manifest
Alzheimer dementia progress to a more severe form. Thus, if treatment response
for cases detected at screening is compared to cases detected after symptom
onset and measured as the progression of clinical symptoms, the impression may
be that early treatment is more beneficial than late treatment even if there is no
treatment response at all.

As Alzheimer’s disease is associated with reduced survival, mortality could
be another measure used to evaluate the screening program. However, the com-
parison of survival rates, or time to death, between cases detected at screening
and cases detected by other means may give rise to the so-called lead time bias
(Thomas 1992). This is when the identification of a disorder by a screening test
during its presymptomatic stage increases the duration of the disorder just
because the disease is diagnosed earlier, without changing the ultimate outcome.

Disorders such as Alzheimer’s disease progress at varying rates. Length bias
sampling occurs when there is a correlation between the duration of the pre-
symptomatic phase and the course of the symptomatic phase (Thomas 1992). If
the mild form of the disease has a longer presymptomatic phase, it will be more
often detected at screening than the more severe forms. Therefore, compared to
symptomatic cases, a higher proportion of dementias detected at screening will
be slowly progressive, so the patient’s survival from time of detection will tend to
be longer, even if early detection does not result in a prolongation of time-to-
death. If so, the screening test and the following treatment may appear falsely
beneficial. Further on, some cases will have such a slow progression, or even be
stationary, that they would never have progressed to a clinical stage. These cases
will seem to have responded to treatment, although the treatment was unneces-
sary.
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