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The phrase "the denography of Al zheiner's di sease" may be
the best litnus test to distinguish denographers from
epi dem ol ogi sts. A typical reaction to this phrase froma
denographer is "why Al zheiner's disease?" A typical reaction
froman epidem ol ogi st is "why denography?" It is always tricky
to descri be the exact boundaries that separate two simlar
disciplines and this is especially true of the difference between
denogr aphi ¢ and epi dem ol ogi ¢ approaches to nortality and health.
What made Preston's work on snoking and nortality denography
rat her than epidem ol ogy? What differentiates a denographer's or
a sociologist's work on factors affecting residence in nursing
homes from an epi dem ol ogist's work on the sane topic?

The denographer's question, "why Al zheiner's disease," is
relatively sinple to answer. |If Alzheinmer’s disease (AD) is as
i nportant a cause of death and institutionalization as is often
cl ai med, we cannot forecast nortality or residence patterns
wi t hout considering the possible effects of new treatnents or
therapies for AD. It is often clainmed that Al zheiner's disease
is the fourth | eading cause of death in the U S If there is any
truth to this statenent, we should be as interested in
Al zheimer's di sease as we are in cancer, heart disease, AIDS or
violence. W should also be as interested in the potenti al
i npact of slow ng or stopping the progression of Al zheiner's
di sease as we are in followng trends in snoking or in the sexual
practices that spread AIDS in the U S. or in Africa. Simlarly,
there is research that suggests that as much as 40% of persons
entering nursing honmes have Al zheiner's di sease (Rovner, 1993).
If we are interested in understandi ng and projecting residence
patterns of the elderly, we would ignore devel opnents in the
treatment or managenent of Al zheiner's disease at our peril.

The epidem ol ogi st's question, "why denography,” is not as
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easy to answer in a few sentences. | think that asking questions
t hat denographers are apt to ask leads to different nodels for
studyi ng and describing the progression of Al zheiner's disease.
In particular, denographers’ interest in projecting popul ation
size, nortality rates, and residence patterns |leads to different
ways of conceptualizing the role of AD and different nethods for
studying it.

Predicting future advances agai nst disease is a perilous
busi ness. For exanple, there are wldly varying projections of
the likelihood breakthroughs in preventing or treating cancer or
AIDS. Oten disease processes turn out to be nore conplicated
t han expected, optimstic clainms for new di scoveries turn out to
be unwarranted, and progress with rare forns of the disease don’'t
prove to be effective against nore comon forns. On the other
hand, breakt hroughs often conme from unexpected directions and are
hard to foresee.

Al though it is difficult to predict when new t herapies for
AD wi Il be avail able, how effective they will be and what
proportion of the population will actually benefit, several
things are clear. First, there is a great deal of noney being
spent to find treatnents for AD and a nunber of different avenues
of research are proceedi ng sinultaneously. Second, one drug
(Cognex) currently provides short terminprovenent for sone
patients. It is very likely that better drugs will be discovered
to slow the progress of the disease or at least slowits effects
on cognitive functioning. It is less |likely that there will soon
be drugs to prevent the disease, and very little likelihood that
a cure wll be discovered that can substantially reverse the
effects of the disease. Third, it is still not clear whether AD
is the result of a single causal nechani smor whether there are
really several disease processes that can |lead to the sane



synptons. For exanple, AD may be caused by an increase in the
particular fornms of anyloid produced by the body or it could be
caused by a failure of the body to break down unwant ed forns.
Either could lead to accunul ati ons that cause the plaques and
tangl es that are the defining characteristic of AD.
Alternatively, the accunul ati on of plaques and tangles could
result fromrather than cause cell death. Since there may be
several nechani sns causing the disease, it is not clear that one
drug woul d be equally effective against all forns of the disease.
G ven these facts, denographic projections with 10 to 20
year time horizons should at |east include considerations of what
will happen if the rate of progression of ADis slowed in a
si zeabl e proportion of cases. Optimstic expectations for the
next 10 years seemto involve reducing the rate of progression by
hal f, at |east during the early and m ddl e stages of the disease.
The first section bel ow reviews studies of the preval ence of
Al zhei nmer’ s disease. This is not neant to be a thorough
l[iterature review of these topics. Instead it is neant as a
summary of the findings of the nost prom nent studies and the
conclusions fromprevious literature reviews. A sinulation of
i ncidence and prevalence is used to test the inportance of timng
of diagnosis (or mnimal severity for diagnosis) on preval ence.
This is a prelimnary nodel with ignores heterogeneity in the
di sease and relies on data collected fromseveral different
popul ations. The next part of the paper explores the claimthat
Al zheinmer’s disease is the fourth | eading cause of death in the
US. This wdely quoted claimis based on one paragraph in a
editorial published in 1976 (Katzman). The second section uses
results fromtwo community studies to test this claim The third
section uses the prelimnary simulation derived previously to
test this claim The evidence on these topics is not as strong as
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we would like. However, it is clear that Al zheiner's disease is
very comon anong the elderly and is at | east an inportant
underlying cause of death and institutionalization. The fourth
section carries out a sinple simulation to illustrate what m ght
happen to nortality if the rate of progression of AD were sl owed
substantial ly.

The Preval ence and I ncidence of Al zheiner's D sease

Many surveys have estimated the preval ence of senility,
denmentia or Al zheiner's disease (AD) in conmunities. These
surveys have used different screening tests and varying criteria
for clinical diagnoses. The variation in the nmethods used in
t hese surveys refl ect changes over the past four decades in our
under st andi ng of denentia. Forty years ago, Al zheiner’s disease
was considered to be a mnor cause of denentia. Today, it is
estimated to be responsible for about 60 to 65% of all denentia.
During the last ten years there have been many changes in the
di agnostic criteria, particularly in the criteria used to rule
out small strokes (i.e., multi-infarct or vascul ar denentias) as
t he cause of denenti a.

The best surveys are based on active surveillance. This
i nvol ves canvasi ng the popul ati on (preferably both the conmmunity-
dwel ling and institutionalized populations) with a relatively
sinple screening test for denentia then performng clinical
eval uations of those with a |low score on the screening test. In
addition, it is necessary to have clinical evaluations of a
sanpl e of those who did well on the screening test to estinmate
the sensitivity of the screen. However, many of the surveys
publ i shed in the past 15 years have relied on cases identified
t hrough routine nedi cal exam nations (i.e., on passive

surveillance). The results of the two types of studies are often



very different. For exanple, sone |long term studi es based on
passi ve surveillance suggest that the preval ence of AD has

i ncreased over the past fifteen years. Since it is nost |ikely
t hat passive surveillance studies m ght be biased by under

di agnosis of AD, it is preferable to limt reviews of preval ence
to studi es based on active surveill ance.

Figure | presents age-specific preval ence rates from several
maj or surveys or reviews of surveys. One of the best reviews of
the preval ence of denentia is that by Jorm et al. (1987). They
revi ewed studi es of the preval ence of denentia published between
1945 and 1985. Ei ghteen studies provided separate figures for
Al zhei nmer’ s di sease. They found a consi stent exponenti al
increase in the preval ence of denentia by age with the rate
doubl i ng between 5-year age groups. Specifically, they estinmate
that the preval ence of denentia increases from1l.4% at ages 65-69
to 38.6% at ages 90-95. They found that the preval ence of AD
doubles with every 4.5 year increase in age, but they do not
present age-specific estimtes for AD.

A review of preval ence studies in Europe was carried out as
part of the European Community Concerted Action Epidem ol ogy and
Prevention of Denentia (EURODEM project (Rocca, 1991). The
average preval ence rates for six European studi es shows AD
increasing froma preval ence of 0.3% at ages 60-69 to 10. 8% at
ages 80-89.

The nost frequently quoted study of the preval ence of AD in
the U S. was carried out in East Boston, Massachusetts. This
study covered all noninstitutionalized individuals living in a
defined community. This study produced very high preval ence
rates for AD. They estinmated the preval ence rate over age 65 at
10. 3% conpared to only 3.1%in the European studies. Although a
few ot her studies have found simlar high estimtes (e.qg.,
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Pfeffer, 1987, for individuals living in owner-occupied houses in
a retirenment community in southern California), it is quite
possi bl e that the East Boston results overstate the preval ence of
AD in the U S. as a whole.

The Canadi an Study of Health and Aging (CSHA) is a nore
recent study designed to estimate the preval ence of denentia and
Al zheinmer's disease in community and institutional-dwelling
Canadi ans (CSHA, 1994, Ebly, 1994). The large sanple (9, 008
communi ty-dwel ling and 1, 255 institution-dwelling) was sel ected
usi ng conputerized records of the provincial health insurance
plan (or other records in Ontario). The popul ati on over age 85
was oversanpled to inprove the reliability of the estimtes at
t he ol dest ages. Because of its size, the quality of the
sanpling franme, the coverage of both community and
institutionalized population, and the simlarity of Canadian
denography to that of the U S., the Canadi an survey may provide
t he best estimates of the proportion of the U S white popul ation
that neet the nost recent criteria for clinically diagnosed
Al zhei mer' s di sease. The CSHA produced estimtes of the
preval ence of AD that are simlar to the results of a nunber of
Eur opean studies. However, the CSHA estimates are nmuch | ower
t han those produced for East Boston. The estimate for those over
age 65 is 5. 1% which falls between the estimates fromthe
European (3.1) and the East Boston (10.3% studies. Over age 85,
t he CSHA gives a preval ence of 21.5% (95% C.1: 19.5-23.8)
conpared to 47.8 (37.0-63.2) for East Boston.

There are nunerous potential sources of differences between
vari ous estimates of preval ence. These include real differences
anmong popul ations, differences in the accuracy of disease
hi stories given by informants, and differences in the sensitivity
and specificity of screening tests in different popul ations.



The sinmul ations of the incidence and preval ence of AD are
useful for investigating the potential inportance of another
sources of differences between studies: the use of different
| evel s of severity as the cut-point for diagnosing cases. At
present, we do not diagnose Al zheiner's disease until the effects
of cognitive inpairnment are apparent in daily life (although
rarely used biopsy nethods are available). However, nmany
researchers are exam ning potential early markers for the
di sease. A recent exanple is research suggesting that
hypersensitivity of the eye to tropicamde m ght serve this
purpose (Scinto, 1994). Wth different clinical criteria used in
various surveys and with the potential for a predictive test, the
measured preval ence of Al zheiner's m ght change substantially
over time as the definition of diagnosable AD changes. This
coul d cause confusion of the sort caused by changes in the
definition of AIDS and the devel opnent of serumtests for HV
positivity. It is therefore useful to exam ne the extent to
whi ch estimates of preval ence m ght be affected by changes in the
duration at which di agnoses can be made.

To exam ne these issues, we need a nodel that sinulates the
rel ati onshi p between hypot hesi zed age-specific incidence rates,
duration-specific nortality rates for cases and non-cases, the
timng of diagnosis and observed prevalence. Figure Il presents
the results of a sinple nodel to fit the observed preval ence by
age reported by the CSHA. The nodel uses nortality rates for
US whites fromthe life table for 1985 (the nost recent life
table for which | had nortality rates for five-year age groups
over age 85). The incidence rate is assuned to increase at a
constant rate by age. This assunption reflects the observation
t hat preval ence increases exponentially across age (Jorm 1987).

Model i ng the rel ati onshi p between the observed preval ence



rates and the generally unobserved incidence rates requires
survival rates for cases and non-cases. It is clear that the
relative survival rate of AD patients relative to controls
declines with increasing severity or duration of disease.
However, there are few studies that provide estimtes of the
survival of patients with AD by duration of disease. Mbst
studies start with the assunption that survival is a function of
age and then ask whether sone neasure of severity or duration has
an additional effect. Although nost studies find a clear effect
of severity or duration (as we woul d expect in a disease
characterized by persistent deterioration), few studies provide
enough detail on the effects of age or duration to be useful for
nodel i ng.

An exception is the study by Ml s& et al (1986), which
provi des six-year survival rates for patients identified in a
survey of community-dwelling individuals in Finland. They
provide survival rates for three levels of initial severity
(noderately denented, nmarkedly denented, and severely denented).
Unfortunately, the data are only presented graphically and
relative to the survival of non-denented individuals. Table la
presents estimates read off of their graphs. Table Ib presents
estimates of the one-year survival rates relative to nondenented
i ndi viduals. The values for the three groups are matched with
durations of disease which | ead to nmaxi num agreenment anong the
three groups for the same durations. Since the actual onset of
di sease cannot be observed (and its definition is not clear at
this tinme), | have set the diagnosis of the noderately denented
at duration 3 years. Wen aligned as they are in Table Ib, the
survival rates for the three groups are very consistent. This
allows us to estimate the schedul e of survival relative to
nondenent ed i ndividuals by duration of disease shown in the |ast
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col um of Table Ib.

The sinmul ati on nodel starts with estimted incidence rates.
Non- cases are projected using age-specific nortality rates for
non-cases estimated by the nodel (see below). Cases are
projected forward by age and duration using the age-specific
nortality rates for non-cases conbined with duration-specific
relative survival rates for AD cases relative to non-cases.

Since the relative risk data conpare cases and non-cases and we
only have overall nortality rates (for the U S. in 1985), we need
to calculate the nortality rate for non-cases. The formula for
this includes the preval ence rate. Therefore, the conputer
programneeds to iterate a few tines so that the preval ence rates
and the nortality rates for cases and non-cases are consi stent
with the assuned overall nortality rates and relative risks. At
each iteration the relative risk associated with AD at each age
is calculated fromthe distribution of cases by duration (derived
fromthe incidence rates and survival rates) and the duration-
specific relative nortality rates.

This |l eads to a nodel of the preval ence of AD which invol ves
two paraneters: the proportionate increase in incidence over age,
and the incidence rate at one given age (arbitrarily chosen as
age 87). | have identified the values of these two paraneters
which m nimze the nean squared error fit to the data fromthe
CSHA. This nodel fits the CSHA data extrenely well (Figure I1).
The root nmean squared error for the five age-specific preval ence
estimates (nmeasured in percent) is only 1.21 which is well wthin
the standard errors for the estimates fromthe CSHA. The
par anmet ers suggest that the incidence rate increases by about
13. 2 percent per year of age (equivalent to a continuous rate of
change of 12.49% which inplies that the incidence rate doubles
every 5.6 years. The estimated incidence rates at ages 77 and 82
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(1. 7% and 3.2% are simlar to the incidence rates for denentia
observed in the Bronx Aging Study (Aronson, 1991), 1.3%at 75-79
and 3. 5% at ages 80-84.

Figure Il also shows estimates fromthe sinmulation of the
proportion of the population that is at various stages of
Al zhei ner’ s disease. | have rather artificially set at three
years the point at which a patient could clearly be di agnosed
with AD using the NINCDS/ ADRDA criteria used in the CSHA. [|f we
coul d di agnoses AD three years earlier (through predictive
changes in cognitive tests, or biological markers), the estimated
preval ence rates (labeled “earlier dx.” in Figure Il) would be
substantially higher. On the other hand, studies that applied
nore severe synptons for diagnosis m ght not diagnose cases for
an additional three years (on average). This would lead to the
preval ence of what m ght be terned “noderate and severe” AD.
Moder at e cases (those at 3-5 years after early diagnosis) woul d
generally require substantial assistance wth everyday
functioning. Even nore stringent criteria mght include only
patients about 6 years after they because di agnosabl e accordi ng
to the NINCDS/ ADRDA criteria (9 years after incidence). This
woul d approxi mate the preval ence of “severe” cases. These
patients would require extensive care. It is at this stage of
t he di sease that many famlies decide to place a patient in a
nur si ng hone.

The sinmul ati on suggests that if we could di agnose AD on
average three years earlier than the CSHA study, the preval ence
at age 85 would increase from13.6%to 23.9% If we used a nore
strict criteria and di agnosed AD on average three years |ater
than the CSHA, preval ence would drop to 6.8 at age 85. At age
99, the three criteria would lead to estimtes of 80% 58% and
35% Cearly, the estimted preval ence of ADis very sensitive
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to the diagnosis criteria or the stage of the disease that is
rel evant for a given purpose. Despite the w de range of
estimates, the estimates fromthe study in East Boston are still
about 35% hi gher than the estimates fromthe sinul ation based on
di agnosis three years earlier than in the CSHA. Therefore, the
hi gh rates in East Boston are probably not nerely a result of
including nore mld cases of AD.

It is interesting to note that the CSHA and the sinulation
nodel show the preval ence rate continuing to i ncrease up to (and
beyond) age 100. The CSHA shows the preval ence of all denentias
increasing to 85% at ages 100-106. |If the proportion due to AD
is the sane as at ages 95-99, this leads to an estinmated 64% w th
AD over age 100. This is in contrast to estimates for the ol dest
old in Berlin. Wrnicke and Reischies (1994) found that the
estimated preval ence for ages 90-94 and 95-99 were both 42. 3%
Debat es over whether the incidence of AD continues to increase at
the very ol dest ages may have rel evance to whet her or not
denentia is a “normal” part of the aging process.

The estimated incidence rates provide an interesting
opportunity to | ook ahead twenty to thirty years and ask what the
demand woul d be for a drug that would stop the progression of AD
indefinitely. The drug nodel here m ght be insulin for diabetics
or annual vacci nations agai nst pneunonia or influenza. This
projection would be inportant to estimating the costs of
preventing AD. |If we could diagnose AD three years earlier than
IS now possi bl e and prevent any progression of the disease in al
patients (and therefore elimnate their excess nortality), the
proportion of the population that would have to be using that
drug woul d be given by the cunul ative incidence rates. The
estimated incidence rates suggest that at age 75 about 11% woul d
require treatnment. This would increase to 33% at age 85 and 77%
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at age 95.

The sinul ation can al so be used to exam ne what m ght happen
to nortality if the rate of progression of AD were sl owed
substantially. Since changing nortality rates will change future
age distributions, we have to switch froma popul ati on
perspective to a life cycle approach to examne this issue.
Figure Il shows the survival rates used in the sinulation for AD
cases relative to the rest of the population (labeled “current”).
It also shows a curve with appreciably sl ower progression. This
i nvolves taking the relative survival rates during the first 10
years and spreads them out over the first 20 years. This is an
optimstic scenario of what m ght be possible in the next 10 to
15 years. If this change in survival rates were applied to a
cohort, the preval ence of “diagnosable” AD would decline slightly
(Figure 1V). The average person-years lived wwth mld, noderate
or severe AD (now at 6 years after onset instead of 3) would drop
fromabout 1.09 years to 1.04 years. The average person-years
lived with noderate to severe AD (now 12 years after onset
i nstead of 6+) would drop fromO0.55 years to 0.35 years. The
| argest change is seen in the preval ence of severe AD (Figure
V). The average person-years lived with severe AD (now 18 years
after onset instead of 6) would drop fromO0. 12 years to 0. 08.

The decline in the person-years lived with severe AD m ght be
reflected in reduced demand for nursing hone care and intensive
i n-honme care for severely inpaired patients.

It is inportant to note, however, that these results are
probably very sensitive to the changes assunmed in the surviva
rates at various durations and the definitions of severity.
Therefore, they woul d depend on the effectiveness of likely
treatments at different stages of the disease as well as the
actual proportion of cases receiving the treatnment at each stage.
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In addition, slow ng the progression of AD for |arge nunbers of
patients woul d del ay the date at which services woul d be
required. Wth a high discount rate applied to future costs,
this initself would |lower the current value of future expected
costs of AD care. However, the only conclusion that can be drawn
fromthese prelimnary sinulations is that changes in the rate of
progressi on of AD m ght have significant effects on future demand

for nursing honme placenent and intensive hone care services.

Al zheimer's Di sease as a Cause of Death

The claimthat Al zheiner's disease is the fourth | eading
cause of death in the U S. plays a central role in nmuch of the
l[iterature produced by the Al zheiner's D sease and Rel ated
Di sorders Association and is promnently nmentioned in many
scientific articles on AD. The original claimthat AD played
such an inportant role in nortality appeared in an editorial in
the Archives of Neurology by Katzman (1976). He based this
statenent on survival rates observed anong patients seen at
research centers. Fox credits this claimwth playing a major
role in “altering the bionedical conceptualization of Al zheiner’s
di sease” (1989: 71). He al so states that along with estinates of
the long-termcare costs for the elderly this claimwas “one of
the primary justifications for increasing federal support for
Al zhei nmer’ s di sease research” (1989:71).

Denographers are generally very skeptical about these
clains. Alzheiner's disease is not listed anong the 72 causes of
death selected for detailed tables in the U S. vital statistics
(Kochanek, 1994). Instead it is lunped into the "Al other
Di seases" category which includes only 8% of deaths. ADis nore
likely to be listed as a associ ated cause. A study by the
Centers for Disease Control (1991) found that Al zheinmer's disease
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was |isted as an associ ated cause for 26,325 deaths in 1987.
Since the classification of denentias was changing rapidly during
the 1970s and 1980s, many denentias that woul d now be classified
as Al zheiner's di sease m ght have been coded as "presenile
denentia" or "senile denentia." 1In fact the 1CD-9 codes for
denmentias do not reflect current diagnostic categories very well.
However, even if we ascribe to AD all of the deaths with "senile
and presenile denentias" |isted as an associ ated cause, the total
is only 32,624 which would push Al zheiner's up to about eighth on
the list for 1987. Although this at |east gets AD onto the top
ten list, this is only about one-third of the nunber of deaths
required to push it up to nunmber four or five.

Al though vital statistics data for other low nortality
countries show simlar rates for Al zheiner’'s disease, it is
i kely that the true significance of ADis much greater. It is
very likely that AD is underreported on death certificates in al
countries. This is not surprising given that ADis also grossly
underreported in patient records in nursing hones and in health
surveys. Even death certificates for patients followed for years
in research studies are just as likely to ignore AD as to report
it.

Mrtality in Community Studies An alternative approach is

to exam ne data for community-based studi es designed to neasure

t he preval ence and incidence of Al zheiner's disease. There are
two maj or studi es based on conmmunity screening that provide
conparisons of nortality rates by cognitive status: the East
Boston study (Evans, 1989; data for five-year age groups are
avai l able in Beckett, 1992) and a study in Iceland (Magnusson,
1989). The two studies provide a good contrast because they
produce very different estimtes of prevalence and nortality. As
not ed above, the East Boston study produced estinates of the
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proportions with Probable AD that are higher than the rates found
in the myjority of studies. At age 80-84, the estimted

preval ence in East Boston was 25% In contrast, the Icelandic
study estimated that at age 81.5 only 2.8% had severe Primary
degenerative denentia. Part of the difference between the two
rates is that the East Boston study included noderate, mld and
borderline cases whereas the Icel and study provides detail ed data
only on severe cases.

The difference in the severity of cases reported in East
Boston and Iceland is reflected in differences in the reported
relative risks of nortality in the two studies. In the East
Boston study, the relative risk of death for AD cases was 1.44
conpared to that of others in the population. The conparable
figure for the study in lIceland was 2. 37 for severe AD cases. |If
we apply the preval ence estimates fromthe two studies and their
respective relative risks to age distribution and nortality rates
for the U S in 1991, the results provide a reasonabl e range of
estimates for the proportion of deaths in U S. that are
attributable to AD. The East Boston estimates suggest that
excess deaths anong AD cases in the U S. in 1991 anounted to
about 8. 2% of deaths over age 60. The estimates for |cel and
suggest that excess AD deaths amounted to 4.6% of deaths over age
60. These correspond to 6.4% and 3. 6% of deaths at all ages.
This woul d pl ace AD sonmewhere between Cerebrovascul ar deat hs and
Chronic Obstructive Pul nonary di sease, the third and fourth
| eadi ng causes, which are responsible for 6.6% and 4. 2% of al
deaths (Figure V).

It is useful to consider possible sources of bias in these
estimates. The diagnosis of ADis not considered definite until
the presence of the plaques and tangles that cause AD has been
confirmed pathologically. Definite diagnosis is possible through
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bi opsy, but this procedure is quite rare. Even confirmation at
autopsy is not common because autopsies are perforned
infrequently. D agnoses based on clinical exam nations of the
type perforned in the CSHA are about 90% accurate. Al though the
remai ni ng 10% may often be denentias caused by strokes, and,
therefore, falsely include sonme cases at high risk of death, it
is not |likely that m sdi agnosis could explain nuch of the
nortality attributed to AD.

The estimates of the significance of ADin nortality are
estimates of “attributable risk,” that is, estimtes of the
excess nortality anong cases of AD. Estimates of attributable
risk rarely provide good estimtes of how nuch nortality would
decline if a disease or risk factor were elimnated fromthe
popul ation. For exanple, since snokers are statistically nore
likely to have other risk factors for nortality (e.g., higher
al cohol consunption, |ower exercise rates), sone of the excess
nortality anong snokers can be attributed to other risk factors.
However, in the case of AD, the attributable risk estinmates may
cl osely approxi mate the proportion of deaths attributable to AD
as an underlying cause. The reason for this is that there are
few inportant other risk factors for nortality that have been
associated with increased risk of AD. Those risk factors that
have been identified (or suggested) by previous research are
quite varied in their likely effect on nortality to other causes.
For exanpl e, although head trauma is a risk factor for AD, its
contribution is probably small enough that it would have little
affect on the nortality rate anong AD cases. In addition, it is
not likely that head trauma sustai ned many years earlier wll
have a direct effect of risk of death. A recent study suggests
that daily aspirin use (often recommended for reducing the risk
of heart attack) may reduce the risk of AD. On the other hand,
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ot her studi es suggest that snoking (which increases the risk of
heart attach) may al so protect against AD. The npbst conmon
genotype associated with increased risk of AD (the apolipoprotein
e-4) is actually a low risk gene for problens associated with
chol esterol. Overall, there is no reason to suspect that the
estimates of attributable risk associated with AD are seriously
bi ased upward by associ ati ons between AD and other risk factors
for nortality.

Sinmul ation of the Role of ADin Mrtality. W can use the

simulation of the CSHA to produce another estinate of the
proportion of deaths attributable to AD. G ven the age
distribution and nortality rates for U S. whites in 1985, the
simul ati on suggests that 9.6% of deaths over age 60 or 7.8% of
all deaths are excess deaths attributable to (di agnosable) AD

If we limt the deaths attributable to AD to deaths anong
noder at e and severe cases (arbitrarily defined as 6 years after

i nci dence and 3 years after diagnosis), we estimated that 5. 0% of
all deaths are attributable to AD. This range between total
excess deat hs anong AD patients to excess deaths anbng severe
cases (5.0%to 7.8% is slightly higher than the range between

t he East Boston estimates based on mld, noderate and severe
cases and the Iceland estimates based only on severe cases (3.6%
to 6.5% . Therefore is possible that AD could rank as high as
the third | eading cause of death if we ascribed all excess deaths
anong AD patients to AD as a cause of death; however, it is nuch
nore |likely AD woul d rank as the fourth | eadi ng cause.

The sinmul ation also offers us the chance to exam ne the
potential inpact of |likely new treatnents for AD on nortality
rates. We can exam ne the effect of the changes in the relative
survival rates of AD patients shown in Figure IV and descri bed
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above. These changes woul d increase the |life expectancy at age
65 by 0.31 years. However, because of the increased severity of
cases surviving to older ages, |ife expectancy at age 85 woul d
drop by about 0.16 years. This difference between the effect on
life expectancy at ages 65 and 85 is surprising. It probably
results fromthe sharp change in the relative survival rates
assuned to occur at about 20 years of duration. |If excess
nortality associated wwth AD were elimnated conpletely, life
expectancy at age 65 would increase by about 0.95 years. Life
expectancy at age 85 would increase by al nost as nuch, about 0.73
years.

Summary and Concl usi ons

Al zhei nmer’ s di sease is so preval ent anong the ol dest old
t hat denographers should be interested in it sinply as a
characteristic of the population. However, its likely role in
nortality and nursing hone placenment nmake AD an inportant disease
for denographic projections of population, nortality and
resi dence patterns.

The evi dence presented here substantiates the claimthat
Al zheinmer’s disease is an inportant elenent in U S. nortality.
It appears that about 4%to 7% of all deaths are attributable to
AD. This is |large enough to rank AD as the third or fourth
| ar gest cause of death in the U S. today. A sinulation of the
effects of slowi ng the progression of AD suggests that the life
expectancy at age 65 would increase by al nost one-third of a year
if the rate of progression of AD were cut in half during the
first ten years after diagnosis. Changing the rate of
progression mght al so change the preval ence of the di sease as
wel | as the average person-years |lived at various |evels of
severity. Cutting in half the rate of progression during the
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twenty years follow ng onset could reduce the average person-
years lived with severe AD by about one-third. These changes
coul d have a substantial inpact on the demand for nursing hone
pl acenment and hone care services.

The sinmul ation presented here is very crude and wll need to
be refined. 1In particular, it ignores heterogeneity in the
progression of Al zheiner’s disease. Differences in rate of
progression conplicate the sinple relationship between severity
and duration and will require nore conplex nodeling. The
simul ation of the possible inpact of slow ng progression is
sinply a first attenpt to begin examning what is actually a very
difficult question. It wll be inportant to exam ne in detai
the nmechanisns that wll underlie |ikely new treatnents and how
they m ght affect nortality and cognitive functioning. However,
the sinmulation presented here probably provides a good indication
of the types of conclusions that are apt to energe from nore
el abor at e nodel s.

The nodel i ng of nursing honme placenent will be a nuch nore
conplex project. One reason for this is that the timng of
institutionalization is dependent on nuch nore than just the
severity of the inpairnment of cognitive function. A m ninal
nodel m ght include the effect of behavioral disturbances, the
avai lability of a caregiver, and sonme nodeling of how “caregiver
burden” m ght be affected by slowng the rate of progression. In
addition, slowng the rate of progression mght affect the Il ength
of stay in a nursing hone (generally the tinme until death) as
well as the tinme of entry. Another conplication is that
increased availability of alternative sources of care, in
particul ar expanded hone care services, will alter the
rel ati onshi p between severity of disease and nursing hone
pl acenent. However, the sinple sinulations presented here
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suggest that changes in the rate of progression m ght have
significant effects on the age pattern of institutionalization.
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Table la: Survival Rates in Al zheiner's D sease

Rel ati ve to Nondenented | ndi vi dual s

Mld Mbder at e Severe

0 1.000 1. 000 1. 000
1 0.930 0. 910 0. 890
2 0.860 0. 820 0. 780
3 0.790 0.730 0.670
4 0.720 0. 640 0. 560
5 0.650 0. 550 0. 450
6 0.580 0. 460 0. 340



Table I b: One-Year Relative Survival Rates, by

Severity and Estimated Overall Rates by Duration
------------ Rel ative P, Rel ati ve

MId Mbder at e Severe Conbi ned |

—X

0 1. 000 1. 0000
1 1. 000 1. 0000
2 0. 970 1. 0000
3 0. 959 0. 9700
4 0.930 0. 930 0. 9300
5 0.925 0. 925 0. 8649
6 0.919 0. 919 0. 7998
7 0.911 0. 910 0.911 0. 7347
8 0.903 0.901 0. 902 0. 6691
9 0.892 0. 890 0. 890 0. 891 0. 6035
10 0.877 0.876 0.877 0. 5376
11 0. 859 0. 859 0. 859 0.4712
12 0. 836 0. 836 0. 836 0.4049
13 0. 804 0. 804 0. 3385
14 0. 756 0. 756 0.2720
15 0. 600 0. 2055
16 0. 500 0. 1233
17 0. 300 0. 0617
18 0. 200 0. 0185
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Figure I: Estim ated Prevalence of

Alzheimer's Disease, by Age
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Figure II: Simulated Prevalence of

Alzheimer's Disease, by Severity
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Figure III: Survival with Alzheimer's

Disease Current and Slowed Progression
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Figure IV: Prevalence of Alzheimer's

Disease with Slower Progression
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Figure V: Causes of Death, U.S. 1991

with Estimates for Alzheimer's Disease
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Key for Top Ranked Causes of Death fromU. S. Vital Statistics,

1) Diseases of the Heart

2) Malignant Neopl asns

3) Cerebrovascul ar Di seases

4) Chronic Qbstructive Pulnonary Di seases and Allied
Condi ti ons

5) Accidents and Adverse Effects

6) Pneunoni a and | nfl uenza

7) Diabetes Mellitus



