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Article abstract-We estimated the remaining lifetime risks of developing Alzheimer’s disease (AD) and dementia from 
all causes, based on data from longitudinal population studies. The risk of developing AD during one’s lifetime depends on 
both disease incidence and life expectancy. Conventional estimates of cumulative incidence overestimate the risk when 
there is a substantial probability of mortality due to competing causes. A total of 2,611 cognitively intact subjects (1,061 
men, 1,550 women; mean age, 66 ? 7 years) were prospectively evaluated for the development of AD or other dementia. A 
modified survival analysis was used to estimate both cumulative incidence and the sex-specific remaining lifetime risk 
estimates for quinquennial age groups above age 65 years. Over a 20-year follow-up period, 198 subjects developed 
dementia (120 with AD). The remaining lifetime risk of AD or other dementia depended on sex, being higher in women, 
but varied little with age between 65 and 80 years. In a 65-year-old man, the remaining lifetime risk of AD was 6.3% (95% 
CI, 3.9 to 8.7) and the remaining lifetime risk of developing any dementing illness was 10.9% (95%) CI, 8.0 to 13.8); 
corresponding risks for a 65-year-old woman were 12% (95% CI, 9.2 to 14.8) and 19% (95% CI, 17.2 to 22.5). The 
cumulative incidence between age 65 and 100 years was much higher: for AD, 25.5% in men and 28.1% in women; for 
dementia, 32.8% in men and 45% in women. The actual remaining lifetime risk of AD or dementia varies with age, sex, 
and life expectancy and is lower than the hypothetical risk estimated by a cumulative incidence in the same population. 
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Dementia is a common and widely feared affliction of 
later adult life. The most common cause of dementia 
is Alzheimer’s disease (AD). In a recent survey re- 
ported in the popular press,’ over half of all mature 
adults were extremely fearful of developing AD. Typ- 
ically, a concerned adult will consult a physician to 
help address these fears in a rational manner. If this 
adult performs normally on cognitive testing, what 
are the chances of developing AD a t  a later date? 
Incidence data can only provide an  estimate of the 
risk of AD (given the subject’s age and gender) over a 
short time interval. The prevalence of the disease in 
a given population or age group is also not equal to 
the lifetime risk, in part because patients die at a 
different rate than their healthy peers. Therefore, a 
cumulative estimate of the probability of ever mani- 
festing AD over the remainder of one’s lifespan is 
required to answer this question; such an  estimate 
has been called a remaining lifetime risk or simply 
the lifetime risk at  a given 

Estimating the lifetime risk for a condition such 
as AD is a complex task because of two important 

features of the disease. First, the incidence of AD 
rises steeply with age so that the average annual 
risk increases with each successive year as subjects 
grow older. Second, the age group “at risk” is elderly, 
and within this group, the mortality due to compet- 
ing causes rises exponentially with age. Thus, we 
have two competing risks to reconcile to obtain a 
valid estimate of the remaining lifetime risk. 

A number of studies have estimated the cumula- 
tive incidence of AD (or dementia due to any cause) 
in men and women as  a function of age, and some 
have extended such estimates to a sufficiently ad- 
vanced age, such as 90 years, to cover the lifetime of 
most a d ~ l t s . ~ J - ’ ”  The cumulative incidence from birth 
to this advanced age may be called a lifetime cumu- 
lative incidence. For any given subject, such data 
may be used to estimate the remaining lifetime cu- 
mulative incidence by subtracting the cumulative in- 
cidence at  the subject’s current age (e.g., 70 years) 
from the lifetime cumulative incidence for the cohort. 
This method overestimates the risk when the popu- 
lation prevalence of a condition is more than 10% or 
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the competing risk of mortality is high.” While cal- 
culating a cumulative incidence, it is presumed that 
those who did not live to  t h e  upper  age limit of the 
period of cumulative estimation represent “censored” 
observations (i.e., they would probably have devel- 
oped the disease at the same rate as those who sur- 
vived). S u c h  an assumpt ion  is appropr ia te  for 
studying the pathophysiology of a disease. However, 
for purposes of es t imat ing individual risk or  the 
likely population burden of a disease, we need to  
know how m a n y  subjects would actually develop the 
condition of interest  rather than how m a n y  have a 
predilection t o  do so. We require remaining lifetime 
risk estimates that reflect the experienced risks 
given the actual  lifespan of members of the cohort. 

There is a compelling need to  generate estimates 
of the lifetime risk of dementia and AD, so that we 
may inform the public and p u t  this risk in perspec- 
tive for them as compared to  available lifetime risk 
estimates for developing other  illnesses, such as h i p  
fracture a n d  cancer. 

Methods. Subjects and case ascertainment. The Fra- 
niingham Study cohort is a population-based cohort that 
has been evaluated biennially since 1948. Each biennial 
period is called an examination cycle. By December 31, 
1995, 23 such cycles had been completed. In 1975 (at the 
start of examination cycle 141, 3,330 subjects from the 
original cohort were still alive and 2,828 of these subjects 
(85%) attended that biennial examination. Of these, 2,611 
subjects (1,061 men, 1,550 women; mean age, 66 2 7.4 
years; range, 54 to 85 years) were identified as cognitively 
intact using either a standardized neuropsychological test 
batteryll administered between 1976 and 1978 (in 2,082 
subjects) or a normal performance on a Folstein Mini- 
Mental Status Examination’< (MMSE) (in 529 subjects). 
Starting in 1975, these subjects were prospectively evalu- 
ated for the development of dementia; since 1982, this has 
been done using a biennial screening MMSE test. Individ- 
uals who performed poorly on the MMSE were subjected to 
further evaluation. A fall in the MMSE of greater than 
three points between successive examinations, a decline of 
more than five points as compared with any previous ex- 
amination, or an absolute MMSE score 5 24 was consid- 
ered indicative of possible dementia. In addition, subjects 
underwent a detailed evaluation if there were self- or 
family-reported symptoms of memory loss or upon referral 
by a physician (usually the primary care provider or the 
physician conducting the biennial follow-up Heart Study 
evaluation) for neurologic symptoms. 

Detailed evaluation consisted of an examination by a 
neurologist and a neuropsychologist. The records of sub- 
jects identified as unequivocally demented by the neurolo- 
gist were sent to a review committee, which made the final 
decision regarding the presence of dementia, the type of 
dementia, and the year of onset of symptoms. This review 
committee comprised a t  least two neurologists and one or 
more neuropsychologists and used data obtained during 
neurologic and neuropsychological evaluation, information 
from primary care physicians, hospitalization records, 
brain imaging (CT or MRI were obtained in more than 60% 
of subjects), and data obtained by telephone interview of 
next of kin to arrive a t  a clinical consensus. Criteria used 

for the diagnosis of dementia were similar to the DSM-IV 
 riter ria,'^ which require memory impairment, with a de- 
cline in a t  least one other area of cognitive functioning and 
significant functional impairment in the occupational or so- 
cial spheres. In addition, the Framingham criteria require 
the presence of unequivocal dementia (of at  least a! moderate 
degree) for a follow-up period of at  least 6 months. 

All subjects identified as having AD sati~sfied the 
NINCDS-ADRDA criteria16 for probable AD. Subjects with 
possible AD (i.e., those in whom an alternative cause could 
be identified as perhaps contributing to the dementia) 
were classified separately. Details regarding the dementia 
subtype classification used in the Framingham Study have 
been discussed Those subjects who had suf- 
fered a stroke (usually after the onset of dementia) but did 
not meet the DSM-IV criteria for multi-infarct dementia 
were classified as “dementia complicated by stroke, rela- 
tionship unknown” (n = 21). This category included sub- 
jects with so-called “mixed dementia.” Data from subjects 
in this category was combined with data on “pure” (proba- 
ble) AD to estimate the upper limit of the risk of AD in the 
Framingham population. 

Statistical analysis. A modified technique of survival 
analysis was used. In a standard Kaplan-Meier survival 
analysis, subjects who die are considered to provide infor- 
mation up to the date of their death. In our anal:ysis, these 
subjects were considered “escapees,” that is, they did not 
develop dementia a t  any time during their lifetime. Meth- 
ods of generating a maximum likelihood estimate of cause- 
specific failure (the specific cause in this case being 
dementia or AD) in the presence of competing risks have 
been described earlier.’”,’” These techniques were modified 
as outlined below. 

Each of the 2,611 people in the study cohort was fol- 
lowed from 1975 through 1995 to either the year of onset of 
dementia, the year of death, or the last year in which they 
passed the dementia screening evaluation. Some subjects 
who died (n = 190) but whose records have not been re- 
viewed for the presence or absence of dementia at  any time 
between their last formal cognitive assessment (MMSE or 
neurologicheuropsychological examination) and death are 
censored at the year of the last formal cognitive evaluation. 

For further analyses, we included only those subjects 
who were 65 years and older in 1975, along with those who 
survived and reached the age of 65 years a t  some point 
during the 20-year follow-up period. Using this criterion, 
2,560 subjects (98% of the study cohort) contributed a t  
least one person-year of risk. Because the onset of demen- 
tia is insidious, the date of onset was defined by the calm- 
dar year rather than a specific date. Therefore, survival 
times and ages were recorded in whole years. For example, 
a subject whose year of onset of dementia was 19’76 contrib- 
uted 2 years of follow-up, with an event in the second year. 

The risk set a t  any age j contained all R,, subjects who 
were age j a t  some point during their follow-up. ‘Therefore, 
subjects who became demented, died, or were censored at  
age j were removed from the risk sets for ages .j + 1 and 
older, whereas subjects who were age j t 1 at entry in 
1975 were added to the risk set for age j + 1. For example, 
there were 103 subjects who were 65 years old a t  entry in 
1975 and an additional 1,241 subjects who turned 65 dur- 
ing their follow-up (RG6 = 1,344). None of these subjects 
became demented a t  65, 13 died a t  65, and 3 werl;: censored 
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at 65, so that 16 subjects were removed. The risk set a t  age 
66 years contains the original 1,344, minus the 16 who 
were removed, plus the 110 subjects who were 66 a t  entry 
in 1975 (Rcj6 = 1,428). 

Hazards (hi) ,  age-specific incidences (f,), cumulative in- 
cidence (F, ), and survival probabilities (S,) were calculated 
in the usual (Kaplan-Meier) way as 

where e,] = number of events a t  age j, F,, = 0, and S,, = 1. 
The cumulative inci- 

dence of dementia, F,, as calculated above, applies to peo- 
ple who live through age (i - 1) and does not reflect the 
competing risk of death. Deaths are counted as withdraw- 
als and are thus assumed to have the same (unmeasured) 
future risk of dementia as those who are censored alive. 
However, those who die have “escaped” becoming de- 
mented and have a zero future risk of dementia. To adjust 
for the competing risk of death, we first calculated a sepa- 
rate survival curve, U,, as above with death included 
alongside dementia as an event rather than as a with- 
drawal. Then we calculated an adjusted incidenceI9 as fol- 
lows: 

Adjusting for competing risk. 

where h, was from the original survival curve with deaths 
counted as withdrawals. This method yields a true remain- 
ing lifetime risk. 

We used the same process to generate curves for index 
starting ages other than 65 years. To do this, for index 
starting age T, we set F,,.-, and U,,. to 0 and used the 
original hazards, hJ, to calculate U, for j 2 T. The adjusted 
F,‘ were calculated as above. These calculations were re- 
peated separately for men and women, for AD, and for 
all-cause dementia. 

Results. Description of subjects. During a follow-up pe- 
riod of 20 years, 198 subjects (63 men, 135 women) devel- 
oped dementia and 120 of these (34 men, 86 women; mean 
age a t  onset, 82 years) had probable AD. During this 
follow-up period, 1,015 subjects died without developing 
dementia, 188 subjects died but were censored at their last 
follow-up examination, 51 died or were censored before 
reaching the age of 65 and were not included in the life- 
time risk calculations, and 1,159 were alive and cognitively 
intact until their last follow-up examination. The distribu- 
tion of various types of dementia in this cohort is shown in 
figure 1. Of the 198 subjects who developed dementia, the 
age of onset of symptoms was 290 years in 18 and 295  
years in 4. At the time of diagnosis, patients typically had 
an overall Clinical Dementia Rating scalesn score of 21. 

The remaining lifetime risks 
of AD and of dementia due to any cause, in the various age 
and sex groups, and the 95%) CIS are shown in table 1. 
These remaining lifetime risks varied little between 65 
and 80 years of age and declined slightly thereafter. 
Among subjects aged 65 to 80 years, the average remain- 
ing lifetime risk of AD was 6.6% in men and 12.4% in 
women. When patients with “mixed dementia (AD + 
stroke) were included, the remaining lifetime risk of AD 
1500 NEUROLOGY 49 December 1997 

Remaining lifetime risk. 

Figure 1. Distribution of the various types of dementia in 
the Framingham Study cohort. 

over this age range increased to 7.4% in men and 14.9% in 
women. At any given age, the remaining lifetime risk of 
mixed dementia was approximately 20% higher than the 
corresponding age- and sex-specific remaining lifetime risk 
of pure AD. The risk of developing any dementing illness 
was about 1.5 times the risk of AD, averaging 10.9% in 
men and 19.5% in women. Whether we considered the devel- 
opment of AD or all-cause dementia, the remaining lifetime 
risk was roughly twice as high in women as in men. 

Comparison of the remaining lifetime risk with the cu- 
mulative incidence. The Framingham data clearly illus- 
trate the difference between the theoretical (uncensored) 
cumulative incidence and the remaining lifetime risk. Fig- 
ure 2 shows that as the risk of dementia rises and the 
period of follow-up increases, the cumulative incidence in- 
creasingly overestimates the lifetime risk of the disease as 
measured by the actual disease experience of the cohort. In 
table 1, estimates of cumulative incidence for each age and 
sex group are contrasted with the corresponding lifetime 
risk estimates for the same group. The greater the ratio 
between the risk of mortality and the risk of dementia in a 
given age and sex group of the population, the larger is the 
numerical difference between the cumulative incidence 
and the lifetime risk. 

Five-year risks of AD and dementia due to any cause. 
The 5-year risks of developing AD or dementia due to any 
cause (detailed in table 1) depended largely on the age a t  
the time of risk estimation and to a lesser extent on the 
individual’s sex. They were greatly dependent on the age- 
specific incidences but were not equal to these because of 
the effect of mortality among cohort members. This effect 
became increasingly prominent as the age a t  time of risk 
estimation increased. Thus, the difference between the cor- 
rected (for mortality) and uncorrected 5-year risk of devel- 
oping AD was 4% of the uncorrected risk a t  age 65 years 
and 23%) of the uncorrected risk a t  age 85 years. In the 
“young-old (i.e., 65 and 70 years), the 5-year risks of all- 
cause dementia and AD were actually higher in men than 
in women; a t  subsequent ages, these risks were higher in 
women than men, the magnitude of the gender difference 
increasing with increasing age. 



Table 1 Age- and sex-specific 5-,  lo-,  15-, 20-year. and lifetime risk estimates for the development of Alzheimer's disease and a'ernetitia 
due to an,v cause and cornparison of remain,ing lifetime risk with theoretical cumulative incidence for age "x to 100" 

~ ~~ ~~~~~ ~~ 

All-cause dementia Alzheimer's disease 
~~~ 

Lifetime risk Cumulative Lifetime risk Cumulative 
Gender Age (y) 5 y  1 0 y  1 5 y  2 0 y  (95% CI) incidence 5 y 1Oy 1 5 y  2 0 y  (95% CI) incidence 

~~ __ ~ ~ _ _ _ - ~  -. 

Male 65 0.7 2.1 4.3 7.3 10.9(8.0-13.8) 

70 1.5 3.9 7.1 8.9 11.0(8.0-14.1) 

75 2.8 6.6 8.7 10.3 11.2(7.7-14.6) 

80 4.7 7.4 9.5 - 10.5 (6.4-14.6) 

85 4.0 7.2 - - 8.8 (3.4-14.1) 

90 6.0 - - - 9.2 (0.5-17.9) 

Female 65 0.3 1.0 4.0 8.6 19.0 (15.4-22.5) 

70 0.6 3.9 8.6 14.4 19.5(15.8-23.3) 

75 3.5 8.6 14.8 17.9 20.1(16.2-24.0) 

80 5.9 13.2 16.9 - 19.4 (15.0-23.8) 

85 9.6 14.4 - - 17.8 (12.4-23.2) 

90 7.9 - - - 13.4 (5.9-20.8) 
~~~~ 

All risk values are expressed as percentages. 

Ten-, 1 5 ,  and 20-year risks of A D  and dementia due to 
any cnicsr. These data are provided in table 1. The mag- 
nitude of the risk became increasingly dependent on the 
gender of the individual and less dependent on the age at 
time of risk estimation as the period of follow-up increased. 
Thus, at age 70 years, the 10-year risk of AD was 1.2 times 
higher in women than in men (2.3% versus 2.0%1), but the 
20-year risk was 1.9 times higher in women than in men 
(9.3% versus 4.8%). 

Discussion. The concept of a lifetime risk is widely 
used by oncologists to assess and by 
endocrinologists studying osteoporosis25,2fi in the el- 
derly, but the present study provides the first cohort- 
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based estimate of the remaining lifetime risk for 
developing dementia and AD. The strengths of our 
study are the use of a population-based cohort, the 
prospective design, rigorous case ascertainment 
methods, the completeness of mortality ascertain- 
ment, and the availability of both incidence and mor- 
tality data in the same population. Furthermore, 
because the Framingham cohort was assem.bled be- 
fore the age of interest, "sicker" subjects were less 
likely to have been excluded than if a cohort with a 
mean age of 65 years had been assembled de novo. 

The distinction between the theoretically com- 
puted cumulative risk and the real lifetime risk of 

Figure 2. Comparison of the cumula- 
tive incidence (theoretical) and life- " 8" I "  L" L" 0 ," I" L" L" 

time risk (actual remaining lifetime 

year-old subjects (A, men; B, women) 
over a 25-year follow-up period. 

Time (years) Time (years) risk) of Alzheimer's disease for 75- 
(4 For Age 75 years (A) 
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Table 2 Comparison of rLsk estimates for Alzheimer's disease from difrerent population-cohort studies 

Study 
Statistic used to 

describe risk 
Age group for which 

risk computed Risk of Alzheimer's disease 

Farrer and Cupples" (based on ref. 7 )  Cumulative incidence 

Hagnell et  nl."" Cumulative incidence 

Hebert e t  a1.I" Cumulative incidence 

Sayetta'  Lifetime risk 

Current study Lifetime risk 

Birth to 90  y 

Birth to 90 y 

65-90 y 

60 y to death 

65 y to death 

25% in women, 21% in men 

31.9% in women, 25.5% in men 

49 6% (sex-pooled analyses) 

27% (sex-pooled analyses) 

12% in women, 6.3% in men 

AD was elegantly discussed by Breitner,2 who used 
the 1980 U S .  census data on survival to calculate 
that the actual lifetime risk of AD among first- 
degree relatives of probands with the disease would 
be only 19%, a third of the estimated theoretical 
cumulative risk of 55%. Most earlier studies on pop- 
ulation cohorts, however, only reported the theoreti- 
cal cumulative incidence of AD, and their results are 
summarized in table 2.4J-10 These risks are, as ex- 
pected, substantially higher than our lifetime risk 
estimates and range from 21% to  49.691. One study, 
the Baltimore Longitudinal Study,4 reported a "re- 
sidual lifetime morbid r i s k  (risk from age "x" to 
death), which is similar to what we call the remain- 
ing lifetime risk. However, their risk estimates are 
also higher than ours (27% at age 651, perhaps due to 
diagnostic misclassification in a significant propor- 
tion of their cases.27 The remaining lifetime risk esti- 
mates, as calculated for the Framingham cohort, are 
relatively less alarming. The actual lifetime risk in 
the Framingham cohort is approximately 40% of the 
theoretical cumulative incidence; the higher ratio 
(compared with the 33% calculated by Breitner2) is 
probably due to an increased life expectancy in the 
past decade. 

Our figures suggest that the risk of dementia in 
elderly individuals is comparable with their risk of 
developing other medical problems commonly associ- 
ated with aging. Although the estimated lifetime risk 
of dementia for a 65-year-old woman is certainly 
high at  19%, it is comparable with the 16% lifetime 
risk of hip fracturez5 and 23%) lifetime risk of devel- 
oping cancer.2:3 In men, the 11% lifetime risk of de- 
mentia is approximately twice the 6% lifetime risk of 
a hip fracturez6 but only a third of the 29% lifetime 
risk of manifesting a cancer.2" 

Attributes of the lifetime risk i n  the Framingham 
cohort. Estimating the lifetime risks of AD (or de- 
mentia) provides us with some interesting insights 
into the disease burden and age- and sex-specific 
risks in a given population. The differences between 
the cumulative incidence and lifetime risk in a given 
cohort reflect the demographic characteristics of that 
cohort (i.e., its age distribution and pattern of age- 
and cause-specific mortality). Thus, in our cohort, 
the lifetime risk of AD or dementia is approximately 
twice as high in women (12% and 1991) than in men 
(6.3% and 10.9%). This is largely because women live 
longer and hence experience a longer period of risk; 
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in the Framingham cohort, the average remaining 
life expectancy at  age 65 was 22.7 years for women 
and only 18.8 years for men. This parallels the 
longer life expectancy of women in most American 
populations.2x 

It  is commonly assumed that the risk of dementia 
keeps increasing with age. In  the Framingham co- 
hort, however, we find that between the ages of 65 
and 80 years, the increased risk of developing de- 
mentia or AD reflected in a rising age-specific dis- 
ease incidence is offset by the decreasing residual life 
expectancy so that the lifetime risk of dementia or 
AD remains relatively static over this period. Thus, 
the lifetime risk of developing AD provides a single 
relatively invariant risk figure applicable in a 
gender-specific manner to most of the at-risk popula- 
tion (i.e., adults over the age of 65). However, in the 
very old (above 80 years of age), alternative-cause 
mortality rates rise so rapidly that despite the con- 
tinuing rise in the incidence of dementia, the lifetime 
risk estimates gradually begin to decline. The life- 
time risk a t  the age of 85 years is marginally lower 
than it is a t  65 years (8.8% versus 10.9% for men; 
17.8% versus 19% for women). 

Generalizability (external ualidity) and utility of 
the remaining lifetime risk estimates. The general- 
izability of our remaining lifetime risk estimate to 
other populations and its utility in clinical risk pre- 
diction is limited by the fact that the Framingham 
cohort is an overwhelmingly white population. Also, 
the lifetime risk estimate is sensitive to  changes in 
life expectancy and needs to be periodically re- 
evaluated as the life expectancy of the American pop- 
ulation continues to rise and the risk of mortality 
due to alternative causes, such as cardiovascular ill- 
ness and cancer, varies. It is suggested that similar 
remaining lifetime risk estimations should be under- 
taken for different cohorts. 

Consensus estimates of remaining lifetime risk 
would serve as  the most appropriate a priori risk 
figures, when using Bayesian analysis to assess the 
prognostic utility of putative "biomarker" tests. Con- 
sideration of the age-dependent risks of AD versus 
other cause of death has been recognized as an im- 
portant factor in pretest counseling for apolipopro- 
tein E genotyping."~~" The lifetime risk also gives an  
estimate of the dementia burden in a community and 
can be used in assessing the need for and estimated 
cost of a variety of health services. The short-term 



risk figures (5- or 10-year risks) can be used for 
power calculations while planning epidemiologic 
studies or evaluating potentially protective thera- 
pies. Finally, the statistical techniques we have used 
in estimating the lifetime risk can also be used in 
epidemiologic analyses to accurately assess the im- 
pact oi‘ putative risk factors for AD such as smok- 
ing, apolipoprotein E genotype, u and vascular 
disease” because a trait that modifies the risk of AD 
may also modify mortality due to competing causes. 

Our remaining lifetime risk estimates, however, 
have limited utility in predicting the risk of AD in a 
given individual. This is because the term “lifetime 
risk” as described in this study is a n  estimate of the 
number of “cases” (of AD or other dementia) expected 
in the lifetime of a cohort. In an individual subject, 
the remaining lifetime risk would be modified by the 
estimated individual life expectancy and the pres- 
ence or absence of other risk factors, notably the 
family history and apolipoprotein E status. The most 
important predictor variable remains the cognitive 
examination, and our risk estimations only apply to 
subjects who are cognitively intact at the time of risk 
estimation. 

It is possible that we 
have underestimated the risk of dementia because 
subjects who had “possible” or “mild” dementia at the 
time of death and subjects who had “moderate” de- 
mentia of less than 6 months duration were ex- 
cluded. Autopsy confirmation is not available in 
many of our subjects clinically diagnosed to have AD; 
however, earlier studies have shown that a clinical 
diagnosis of AD made using the NINCDS-ADRDA 
criteria is confirmed by pathologic examination in 
more than 85% of patients.’“ Finally, our risk esti- 
mates become less reliable in the very old because 
our risk set consisted of less than 50 subjects above 
the age of 91 years. 

Limitations of this study. 

Conclusions. The lifetime risk of AD is an impor- 
tant statistic defining the actual experience of the 
disease in a population at  risk. It varies significantly 
from the cumulative incidence because the lifetime 
risk estimate adjusts for disease-free survival and 
remaining life expectancy. In the Framingham Study 
cohort, the cumulative incidence of AD between the 
ages of65 and 100 years is 25.5% for men and 28.1% 
for women, differing little between the sexes. On the 
other hand, the remaining lifetime risk of AD for an 
adult aged 65 years or  more is approximately twice 
as high in women (12%)) as in men (6.3%) and varies 
little with age between 65 and 80 years of age. The 
lifetime risk of AD is approximately two thirds the 
risk of dementia due to any cause. The remaining 
lifetime risk of all-cause dementia averages 10.9% in 
men and 19% in women over the age range of 65 to 
80 years. Such lifetime risk estimates should be com- 
puted for different populations because they would 
be valuable to clinicians, health planners, and the 
general public. 
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Quantitative MR volumetry in 
Alzheimer’s disease 

Topographic markers and the effects of sex and education 
D. Kidron, MD, PhD; S.E. Black, MD, FRCP(C1; P. Stanchev, PhD; B. Buck, MSc; J.P. Szalai, PhD; 

J. Parker, MSc; C. Szekely, MA; and M.J. Bronskill, PhD 

Article abstract-We determined topographic selectivity and diagnostic utility of brain atrophy in probable Alzheimer’s 
disease (AD) and correlations with demographic factors such as age, sex, and education. Computerized imaging analysis 
techniques were applied to MR images in 32 patients with probable AD and 20 age- and sex-matched normal control 
subjects using tissue segmentation and three-dimensional surface rendering to obtain individualized lobar volumes, 
corrected for head size by a residualization technique. Group differences emerged in gray and white matter compartments 
particularly in parietal and temporal lobes. Logistic regression demonstrated that larger parietal and temporal ventricular 
CSF compartments and smaller temporal gray matter predicted AD group membership with an area under the receiver 
operating characteristic curve of 0.92. On multiple regression analysis using age, sex, education, duration, and severity of 
cognitive decline to predict regional atrophy in the AD subjects, sex consistently entered the model for the frontal, 
temporal, and parietal ventricular compartments. In the parietal region, for example, sex accounted for 27% of the 
variance in the parietal CSF compartment and years of education accounted for an additional 15%, with women showing 
less ventricular enlargement and individuals with more years of education showing more ventricular enlargement in this 
region. Topographic selectivity of atrophic changes can be detected using quantitative volumetry and can differentiate AD 
from normal aging. Differential effects of sex and years of education can also be detected by these methods. Quantification 
of tissue volumes in vulnerable regions offers the potential for monitoring longitudinal change in response to treatment. 
NEUROLOGY 1997;49: 1504-1512 

Alzheimer’s disease (AD), the leading cause of de- 
mentia, presents a n  increasingly formidable chal- 
lenge to health care systems as we enter the next 
century. The need for diagnostic accuracy and for 
biological and behavioral measures to monitor dis- 
ease progression and response to therapy has never 

been more compelling. The present criteria for diag- 
nosis, proposed in 1984,l depend heavily on clinical 
and behavioral analysis. In vivo volumetric and mor- 
phometric MR studies can provide sensitive indices 
of brain anatomy,”-“ including computer-assisted tis- 
sue classification,6 which in conjunction with appro- 
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