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ORIGINAL ARTICLES 

Development of Dementing Illnesses 
in an 80-year-old Volunteer Cohort 

R. Katzman, MD,"" M. Aronson, EdD," P. Fuld, PhD," C. Kawas, MD," ** T. Brown, PhD,§ 
H. Morgenstern, PhD: W. Frishman, MD,t L. Gidez, PhD,? H. Eder, MD, MPH,? and W. L. Ooi, Dr PhS 

We have prospectively followed over a 5-year period 434 volunteers who were at intake ambulatory, functional, 
presumably nondemented, and between 75 and 85 years of age. Fifty-six (an incidence of 3.53 per 100 person-years at 
risk) developed a progressive dementia: 32 met diagnostic criteria for Alzheimer's disease (AD) (an incidence of 2.0 per 
100 person-years at risk), 15 had vascuiar or mixed dementia, and 9 had other disorders or remain undiagnosed. New 
cases of dementia were as common as myocardial infarction and twice as common as stroke. Risk factors for both 
dementia and AD were age (over 80) and gender (female); other reported risk factors such as family history, prior head 
injury, thyroid disease, maternal age, and smoking were not risk factors for AD in this elderly cohort. Prior stroke was 
the major risk factor for vascular or mixed dementia; diabetes and left ventricular hypertrophy but not a history of 
hypertension per se were also risk factors for vascular dementia The major predictor of the development of AD was 
the mentai status score on entry. The 58.5% of the cohort who made zero to two errors on a 33-item mental statu test 
had a less than 0.6% per year chance of developing AD, whereas the 16% of the cohort with five to eight errors on this 
test developed AD at a rate of over 12% per year. Thus, it is possible to identify a large cohort of 80-year-olds who are 
at low risk for AD and a smailer cohort at very high risk. 

Katzman R, Aronson M, Fuld P, Kawas C, Brown T, Morgenstern H, Frishman W, Gidez L, Eder H, 
Ooi WL. Development of dementing illnesses in an 80-year-old volunteer cohort. 

Ann Neurol 1989;25:317-324 

It is well recognized that the assumption that "senility" 
(that is, senile dementia in current terminology) is an 
inevitable consequence of aging is not true. As the 
number of elderly persons has increased, it has be- 
come apparent that many octogenarians, nonagenar- 
ians, and even centenarians remain mentaliy aiert. 
Nevertheless, the prevaience of dementia is known to 
rise quite sharply with age. Thus, the prevaience of 
severe dementia at age 65 is less than l%,  and at age 
85, 15 to 20% [9, 16,231. Because we were interested 
in observing the onset of dementia, we chose to study 
a group of subjects whose ages made it likely that a 
significant proportion would develop one or another of 
the disorders that produces dementia. 

The term dementia is currentiy understood [2) to 
refer to a symptom complex that may be caused by a 
variety of neurologicai and systemic disorders {lo], but 
most commonly by Alzheimer's disease (AD), which 
usually accounts for 50 to 60% of the cases, and by 
muitiinfarct dementia (MID), which usuaily accounts 
for 10 to 25% of the cases {15, 29, 301. 

We report here a prospective, longitudinai study of 

the development of dementing illnesses in a group of 
ambuiatory, stive, presumably nondemented volun- 
teers aged 75 to 85 years at intake. Our objectives in 
carrying out this study were to determine the inci- 
dente of AD, MID, and other dementing disorders in 
this volunteer cohort, to identify risk factors specific 
for AD or MID, and to identify measures most helpfui 
in the early diagnosis of dementia in an elderly popula- 
tion. As it is difficult to define the boundaries of cogni- 
tive and functionai impairment precisely, in part a con- 
sequence of the insidious onset of the most common 
of the dementing disorders, AD, our strategy has been 
to use repeated evaluations of subjects who have 
shown changes in cognitive and functionai measures 
unti1 a firm clinicai diagnosis could be made. 

Methods 
We enroìied and evaluated 488 volunteer subjects and ob- 
tained at least one repeat evaluation on 434. At intake, the 
subjects were 75 to 85 years old except for a few individuals 
just under 75 or over 85 who were leaders of community 
organizations that helped with the recruitment effort. The 
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subjects were ambulatory, functional in their community, 
and presumably nondemented. Exclusionary criteria were 
the presence of Parkinson’s disease, terrninal illnesses, or 
visual or hearing impairments that precluded psychological 
testing. Subjects agreed to participate in annuai reexamina- 
tions. During the first 3 years of follow-up, 12% of the 
sample was lost to follow-up, and 9.8% died. The initial 
information-memory-concentration (IMC) test [5] error 
score of the subjects lost to follow-up (2.78 * 2.4 [SD]) and 
the initial IMC error score of subjects who died (2.65 ? 2.2) 
did not differ significantly frorn the initial IMC error score of 
the cohort who returned for follow-up. 

Subjects were recruited from senior citizen centers, by 
local newspaper advertisements, and by word of mouth. Po- 
tential volunteers were told that they would be offered a 
comprehensive yearly evaluation. Al1 subjects gave informed 
consent and understood the longitudinal nature of the study. 
There was no direct payment for participation, but transpor- 
tation costs, lunch, and certificates of participation were pro- 
vided for each subject. Because some subjects delayed their 
reexaminations, the average time to reexamination was 15 
months. Intake occurred over a 3-year period; our subjects 
have been followed from 2 to 5 years for an average of 45 
months. 

The initial evaluation required 2 days to complete; subse- 
quent annual evaluations required 1.5 days each. The initial 
evaluation included the following: psychosocial interview; 
educational, occupational, residential, and social history; risk 
factor interview; family history, including current age or age 
at death and the presence of memory symptoms or dementia 
in each first-degree relative, as well as the presence of 
Down’s syndrome; medical history; current and past medica- 
tion; and life stress interview. Al1 evaluations included a 
mental status examination, functional rating, neuropsycho- 
logical evaluation, the Zung and Feighner depression ratings, 
physical and neurological examinations, and the following 
laboratory tests: hemogram and biochemical screen, elec- 
trocardiogram, 24-hour ambulatory Holter monitoring, and 
plasma lipids and lipoprotein levels [6]. 

Operationally, we required that subjects make eight or 
fewer errors on a rnodification of the IMC test [5} to be 
accepted into the study; the IMC test has been validated 
against other mental status tests 128) and against quantitative 
microscopic features in prospective clinical-pathological stud- 
ies [17]. This mental status test consists of 26 items, the most 
difficult being reciting the months backward and a task in- 
volving a five-part memory phrase. As several items are 
weighted, a total of 33 errors can be made. The cutoff score 
of eight errors for entry into the study was based upon pilot 
observations at a senior citizens center and previous chical- 
pathological series 18, 181. 

If on annual reevaluation a change in cognition or function 
was noted by history or neuropsychological or neurological 
evaluation, or if there was an increase of four errors or more 
on the IMC or if the total number of errors exceeded eight, a 
dementia workup was carried out. The additional workup 
included an electroencephalogram, a high-resolution com- 
puted tomography (CT) scan, Hachinski [li} and Rosen 
1241 ischemic scores, and a further evaluation by the neurol- 
ogist with the objective of determining if the criteria for 
dementia according to the third edition of the Diagnostic and 

Statistical Manual of Mental Disorders (DSM-111) [2] were 
present. The CT findings were used in the determination of 
the diagnosis to help identify structural disorders that cause 
significant dementia: in this series, 1 patient had a glioblas- 
torna and 1 had hydrocephalus. Diagnoses were made by the 
study neurologist in collaboration with the research team and 
reviewed independently by a pane1 of two neuroiogists and a 
psychiatrist. If the diagnosis was uncertain on the first clinical 
examination or if there were differences between evaluators, 
the subject was reexamined every 6 months unti1 a specific 
diagnosis could be determined. 

The criteria for the diagnosis of dementia were those 
stated in DSM-III[2]. The criteria for the diagnosis of prob- 
able or possible AD were those stated by McKhann and 
colleagues [2 i}. We based the diagnosis of MID upon clini- 
cal features (including abrupt onset, stepwise deterioration, 
fluctuating come,  evidence of stroke, and focal defects) and 
the Rosen and colleagues 1231 rnodification of the Hachinski 
[i i] ischemic score; 11 of the 16 subjects with the diagnosis 
of vascular dementia had infarcts on their CT scan. Neither 
DSM-111 criteria nor the ischemic scoring systems differ- 
entiate subjects with pure vascular lesions from those with 
mixed (MIX) Alzheimer’s and cerebrovascular disease [24]. 
Hence, we designated demented subjects meeting the above 
criteria as MIWMID. 

In this article we describe the study population, estimate 
dementia rates, and present results of associations of demen- 
tia with several dementia predictors. Statistical analyses in- 
cluded chi-square tests of crude associations. To contro1 for 
confounding factors, we used stratified analysis [i91 and pro- 
portional hazards modeling [6). 

Resdts 
Description of Popuhtion Recruited 
This volunteer cohort resided primarily in the north- 
ern and eastern tier of the Bronx. The majority (70%) 
were Jewish, and there were aiso many subjects of 
Itaiian, Irish, and German ethnic backgrounds. The 
cohort was predominantly (90%) white; 35.5% of the 
subjects were men and 64.5% were women. The aver- 
age age at intake was 79 years. Although our subjects 
represent a volunteer cohort rather than a probability 
sample, their characteristics were representative of the 
area from which the cohort was drawn in that, accord- 
ing to 1980 census data, women represent 64.8% of 
the 75- to 84-year-old age group in the catchment area 
(total population 731,429) from which the sample was 
drawn. The  area is predominantly Jewish and white, 
but the white population represents only 61.8% of the 
area population, indicating that nonwhite groups were 
not successfuiiy recruited. The  modai education was 
seventh to ninth grade, and the modal socioeconomic 
status was lower middle class, a majority having 
worked in a factory at some time during their iife. The  
majority (55.1%) were widowed, 34.2% were married 
and iiving with their spouse, 6.1% were separated or 
divorced, and 5.1% were never married. Although 
84.4% were apartment renters, the mean time at their 
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Table i. Cumulative Incidence of Alzheimer's Disease (AD) and Dementia (as of December 31, 1985) as a Function of Initial 
Mental Status Score 

Percent Follow-up New Cases Rate of Al1 New Rate of AD 
Initial Error of (person- of Al1 Dementias per 100 Cases of per 100 
Scorea N Sample months) Dementias Person-Years AD Person-Years 

O 87 20.0 
1 81 18.7 
2 86 19.8 
3 52 12.0 
4 55 12.7 
5 32 7.4 
6 15 3.5 
7 14 3.2 
8 12 2.8 

Sumor Mean 434 

3,826 2 
3,877 4 
4,065 7 
2,234 8 
2,398 8 
1,257 9 

525 4 
520 7 
317 7 

19,017.7 56 

0.63 
1.24 
2.07 
4.30 
4.00 
8.59 
9.15 

16.15 
26.53 

3.53 

1 
2 
2 
3 
4 
6 
3 
5 
6 

32 

0.31 
0.62 
0.59 
1.61 
2.00 
5.76 
6.86 

11.53 
22.74 

2.02 

"Blessed information-memory-concentration (test). 

current address was 14.5 years. This stability was at- 
tributable to the inexpensive apartments provided by 
the New York City rent contro1 program. The subjects 
reported the presence or history of disorders expected 
in an aging population: 65.0% reported arthritis; 
49.3%, hypertension; 46.3%, shortness of breath; 
39.996, hearing loss; 39.7%, cataracts; 34.6%, ankle 
swelling; 26.796, angina; 26.596, cardiac rhythm irreg- 
ularities; 2 1.395, depression; 14.096, myocardial in- 
farction; 11.5%, diabetes; 10.296, prior head injury; 
6.896, history of stroke or transient ischemic attack. 
Almost half (47.9%) were on diuretics, 24.5% on 
other antihypertensive drugs; 13.8% on digitalis; 
13.0% on nitroglycerin; and 4.0% on antiarrhythmic 
drugs 131. 

Deveiopment of Dementia 
We report here the changes in mental status and the 
development of dementia in our cohort during 19,018 
person-months or 1,585 person-years of follow-up 
(Table 1). During this period, 76 subjects had a change 
in mental status or clinical evidence of change in cogni- 
tion or function and underwent the clinical evaluation 
for dementia. Fifteen of the subjects who underwent 
the clinical evaluation were considered to be nonde- 
mented. Three subjects had changes on the mental 
status test that proved to be reversible: one recovered 
from a right parietal infarct; one was depressed; and 
one was an alcoholic. One subject had an increase in 
mental status error score to 11, but remained func- 
tional on repeat evaluation. One subject with a known 
stroke and an IMC score of 3 developed functional 
impairment and was considered at risk for MID. 

Fifty-six subjects met the criteria for diagnosis of 
dementia, 32 met diagnostic criteria for AD, 15 met 
diagnostic criteria for MID/MIX, 8 had other diag- 
noses, and 1 remained undiagnosed. The development 

of 56 cases of dementia during 1,585 person-years of 
follow-up may be restated as an incidence rate of 3.53 
cases per 100 person-yeats at risk (0.03531yr). A strik- 
ing feature was that the number of cases of dementia 
was about the same as the number of heart attacks (50) 
in this same cohort during this time period and twice 
the number of cerebrovascuiar accidents (26). 

Table 1 shows the incidence of dementia and AD as 
a function of entry mentalstatus score. The degree of 
the relationship of the development of dementia and 
AD to the initial mental status score was unexpected. 
Two important conclusions could be drawn from these 
resuits. First, the 58.5% of the cohort with an initial 
mental status score of zero to two errors out of 33 
possible errors was at low risk for developing demen- 
tia, AD in particular, the rate of which was less than 1 
case per 100 person-years (O.Ol/yr). Individuals with 
error scores of 5 to 8 were at high risk for the develop- 
ment of dementia. Twenty-seven of the 73 subjects 
(37%) with an initial score of 5 to 8 developed a pro- 
gressive dementia, suggesting that many of these indi- 
viduals might have been in an early stage of dementia 
at intake, even though they still functioned normally. 
In this regard, we reviewed the initial functional evalu- 
ation of the 32 subjects who developed AD. On the 
functional rating scale, the distribution of the entry 
scores of the AD subjects did not differ significantly 
from the scores of those who did not develop demen- 
tia, and hence those subjects did not meet DSM-I11 
criteria for dementia at entry. Initial mental status 
scores did not predict the MID/MIX rate, as was me 
for AD. Thus, MID/MIX occurred with an incidence 
rate of 0.85 per 100 person-years at risk, among the 
71.2% of the initial cohort with mental status scores of 
O to 3. However, the incidence rate of MID/MIX rose 
to only 1.9 per 100 person-years at risk among those 
with initial scores of 5 to 8, as compared with an inci- 
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dence rate 
risk. 

Table 2 

for AD of 11.9 per 100 person-years at 

includes data on individual subjects who 
developed dementia classified by diagnosis. Character- 
istics present at the time of entrance into the study that 
distinguished the 32 subjects who developed AD from 
both the entire initial sample and from subjects who 
did not develop dementia were age, gender, and initial 
mental status scores. The 32 subjects developing AD 
were on average 80.8 years of age at intake into the 
study, about 1 year older than the entire cohort. 
Twenty-seven of the 32 (84.3%) were women, where- 
as 64.5% of all subjects in the entire cohort were 
women. The average initial error score on the mental 
status examination of the AD subjects was 5.18 com- 
pared with an average of 2.5 for the entire sample. We 
found, however, that a disproportionate number of 
those admitted to the study with mental status scores 
of 5 to 8 were women. We therefore carried out an anal- 
ysis using a proportional hazard model to separate the 
effects of age, gender, and mental status on the develop- 
ment of dementia. The results, shown in Table 3, indi- 
cated that al1 three factors were independent predic- 
tors of dementia in our cohort, although the effect of 
gender was significant only at the p = 0.08 level. 

The women with mental status scores of 5 to 8 had 
less education than the cohort as a whole. However, 
when years of education were included along with age, 
gender, and mental status in the proportional hazards 
model, education was not predictive of dementia. Yet 
within the 5 to 8 error score group, those with more 
education were more likely to become demented than 
their less-educated counterparts, but this effect was not 
statistically signi ficant . 

Table 4 compares selected risk factors in the AD 
and MID/MIX group with those in the nondemented 
group, which consisted of subjects who had neither 
dementia nor major cognitive changes as described 
above. In this table no significant positive risk factors 
for AD other than age can be identified; noteworthy 
are the low predictive values of history of head trauma, 
thyroid disease, and family history, factors that had 
previously been reported as significant risk factors for 
early-onset AD {i ,  7, 131. 

Because many of the “risk factor” measures vary 
in frequency according to gender, we compared the 
baseline findings in the women who developed AD to 
those in 245 women who had undergone at least one 
reevaluation and who did not develop dementia. In 
most respects, the subjects who developed AD were 
similar to those who did not; there was no significant 
difference in medical histories regarding anemia, an- 
gina, alcohol use, cancer, cardiac irregularity, depres- 
sion, glaucoma, hearing loss, hip fracture, intermittent 
claudication, kidney disease, liver disease, rheumatic 
heart disease, seizures, or visual loss. Laboratory values 

including those for high-density lipoproteins were ap- 
proximately the same. Self-ratings of happiness, social 
fuìfillment, and satisfaction did not differ. Several fac- 
tors appeared to indicate that the subjects who would 
develop AD were physically somewhat healthier: AD 
subjects were less likely to have (1) experienced diabe- 
tes, hypertension, or stroke (not significant by chi- 
square analysis); (2) smoked one pack of cigarettes or 
more per day; and (3) complained of shortness of 
breath. It shouid be noted that the risk factors that 
were reduced in the AD subjects may contribute to 
the occurrence of stroke and hence to classification of 
subjects with AD as MID/MIX. Four factors that have 
been reported as risk factors for AD did not predict 
the occurrence of AD in this cohort: family history of 
dementia (23% in the AD group vs 27% in the 
nondemented group); history of head injury (0% vs 
8.4%); history of thyroid disease (7.7% vs 19.9%); 
and maternal age at time of subject’s birth (25 vs 26 
years). The women developing AD had an increased 
rate (not significant by chi-square analysis) of history of 
peptic ulcer, myocardial infarction, and cataract. Sinus 
bradycardia was more frequent in this group. A higher 
percentage of women developing AD was over 80 
(78% vs 39%) at intake. Also, the women who de- 
veloped AD had more memory complaints at intake 
than women who remained nondemented (22.2% vs 

The most important risk factor for MID/MIX was a 
history of prior stroke (46.7% compared with 3.4% in 
the nondemented group; chi-square, p < 0.0001). It 
should be noted, however, that a history of stroke is a 
weighted component of both the Hachinski and Rosen 
ischemic scores and hence plays a role in the diagnosis. 
Diabetes was present in 33.3% (5 of 15) of MID/MIX 
subjects, compared with 11.5% of the entire cohort; 
even with the small numbers in the MID/MIX group, 
this finding was significant (by chi-square analysis) at 
the p < 0.03 level. Hypertension per se was not a risk 
factor, but left ventricuiar hypertrophy, a marker of 
tissue changes that result from hypertension, was in- 
creased, although it was not statistically significant ( p  
= O. 1). High-density lipoprotein levels were reduced 
in the male MID/MIX subjects (26 vs 37.6 mg/dl in al1 
male subjects), but not in the female MID/MIX sub- 
jects (45 vs 45.8 mg/dl). Triglycerides at baseline were 
elevated in the MID/MIX subjects (170 5 57 mg/dl in 
male MID/MIX subjects vs 138 in all male subjects; 
217 & 190 in female MID/MIX subjects vs 136 5 78 
in al1 female subjects) but the variability within groups 
was too great for this difference to be significant. 
Other lipids were unaltered in the MID/MIX subjects. 
There was no significant increase in angina or myo- 
cardial infarcts in the MID/MIX subjects. MID/MIX 
subjects, unlike AD subjects, were more likely to have 
a history of depression (chi-square, p < 0.02) and 

6.996, p < 0.02). 
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Table 2.  Subjects Wbo Developed Dementia; Changes in IMC Test Score 

Age at Hachinski IMC Test Scorea 
Subject Intake Ischemic 

Diagnosis No. Sex (yr) Score B1 B2 B3 B4 B5 Note 

AD 15 
A D  44 
A D  45 
A D  65 
A D  67 
A D  69 
A D  72 
A D  76 
A D  99 
A D  111 
A D  137 
A D  164 
A D  165 
A D  196 
A D  198 
A D  258 
A D  260 
AD 293 
A D  314 
A D  32 1 
A D  322 
A D  330 
A D  344 
A D  36 1 
A D  362 
AD 365 
A D  377 
A D  387 
A D  394 
A D  433 
A D  44 1 
AD 488 

MID/MIX 007 
MID/MIX 033 
MID/MIX 046 
MID/MIX 098 
MIDIMIX 132 
MID/MIX 163 
MID/MIX 168 
MID/MIX 173 
MID/MIX 193 
MID/MIX 202 
MIDIMIX 261 
MID/MIX 282 
MID/MIX 288 
MIDIMIX 297 
MID/MIX 417 

Averageb 

Averageb 

Other 006 
Other O08 
Other 075 
Other 126 
Other 128 
Other 131 
Other 313 
Other 320 
Other 398 

Averageb 

F 82 
F 84 
F 81 
M 81 
M 85 
F 85 
F 80 
F 80 
F 83 
M 86 
F 76 
F 84 
F 81 
F 81 
F 77 
M 83 
F 79 
F 81 
F 78 
F 79 
F 80 
M 77 
F 80 
F 75 
F 81 
F 81 
F 82 
F 81 
F 82 
F 85 
F 81 
F 76 

M 83 
M 75 
F 79 
F 82 
F 86 
F 85 
F 83 
F 75 
F 74 
F 79 
F 77 
M 84 
F 82 
M 80 
M 81 

80.8 

80.3 

F 84 
M 82 
M 79 
F 81 
F 77 
F 83 
M 79 
M 80 
M 83 

80.9 

4 2 7 
3 6 10 
1 4 8 
1 4 6 
O 6 6 
4 8 18 
3 5 3 
5 1 16 
2 7 12 
1 7 8 
2 4 8 
3 8 15 
1 5 13 
3 6 13 
1 3 6 
1 1 4 
3 8 10 
1 3 4 
2 7 10 
O 8 11 
2 7 11 
2 O 2 
3 5 16 
2 8 16 

8 17 
4 4 17 
8 3 13 
1 2 7 
O 5 6 
4 7 11 
1 5 9 
1 5 4 
2.2 % 1.7 5.1 % 2.3 (N = 32) 

5 8 5 
9 4 4 
4 3 9 
5 7 8 

10 O 1 
8 2 4 
7 3 8 
8 1 3 
9 4 8 
8 4 17 
9 5 3 
8 2 6 
6 6 13 

10 2 11 
7 3 11 
7.5 k 1.9 3.6 k2.2 (N = 15) 

2 
1 3 3 
O 3 11 
2 5 6 
9 1 17 
3 5 3 
3 7 5 
2 2 2 

4 8 
2.9 t 2.9 3.6 * 1.9 ( N  = 9) 

- 

- - 

- 

10 15 15 
14 13 15 
9 14 - 
4 11 - 
8 18 19 

8 10 13 

20 21 33 
11 10 15 
11 12 16 
14 10 19 
25 27 33 
21 17 - 

5 10 9 
5 13 20 

14 11 14 
16 14 - 

12 - 
14 19 21 
14 27 28 
10 16 33 
14 31 - 

- - -  

- - -  

- 

19 - 

33 - - 
10 19 - 
6 13 - 

11 9 - 
16 - - 

7 - -  

- 
- - -  

- - -  

17 - - 
7 10 14 

19 16 12 
3 - -  
6 15 18 

16 23 - 
3 9 -  
8 17 - 

5 12 - 
10 10 - 

14 21 - 

- - -  

- - -  

- - -  
- - -  

18 22 - 
1 9 -  

12 10 - 
6 i 0  8 

2 7 9  
7 11 9 

12 - - 
5 16 - 

- - -  

Metabolic encephalopathy 
Alcoholic 
B12 < 100 pdml 
As troc ytoma 
? Parkinson’s disease, ? NPH 
Uncertain diagnosis 
Alcoholic 
B12 < 100 pdml 

“Bl-B5 are successive (approximately annd)  IMC test scores. 
bAverages of ischemic score and B1 IMC test score are expressed plus or minus standard deviation. 
IMC = Blessed infonnation-memory-concentration (test); AD = Alzheimer’s disease; MID/MIX = multiinfarct dementidmixed AD and 
cerebrovascular disease; NPH = normai-pressure hydrocephalus; - = evaluarion not done. 



Table 3 .  Eflects of Age, Gender, and Baseline IMC Test Score (No. of Ewors) on the Incidence of Total Dementia Estimated Using a 
Proportional Hazard Model: Bronx Aging Study 1980-1 985" 

95 Percent 
Predictor Beta Standard Error Significance Rate Ratiob Confidence Limits 
Variable P (P) (P) (M) (M) 
Age 0.17 0.04 
Gender (F/M) 0.54 0.31 
Baseline score 

- - 0-2 
3-4 + 0.13 0.20 
5-8 + 1.04 O. 18 

0.0002 5.5 
0.0812 1.7 

- 1.0 
0.5194 1.1 

< 0.0001 2.8 

2.5-11.9 
0.93-3.2 

- 
0.8-1.7 
1.9-4.0 

"N = 422.  
bThe rate ratio is the estimated incidence rate for one group (e.g., women) divided by the corresponding rate for a comparison group (e.g., men). 
It is computed for a dichotomous variable by taking the naturai antilog of beta. Each estimated rate ratio is adjusted for al1 other predictors in the 
model. 
IMC = Blessed information-memory-concentration (test). 

Table 4 .  Risk FactorlMorbid Conditions at Initial Eualuation 

Nondemented Group AD Group MID/MIX Group 
(N = 350)a (N = 32) (N = 15) 

Femak (%) 
History (%) 

Smoking 
Current 
Past 

Thyroid disease 
Head trauma 
Depression 
Cancer 
Diabetes 
Hypertension 
Angina 
History of CVA 

CVA 

History of MI 
MI 

Pacemaker 

LVH (%) 
Sinus bradycardia (24-hr Holter monitor) 
Thyroxine (meqldl) 
BlZ (pdml) 
HDL (mddl) 

Iaboratory test values 

61.4 

10.9 
51.1 
13.4 
10.0 
22.0 
12.0 
11.1 
52.3 
26.0 

3.4 
4.9 

11.1 
14.6 

2.3 

12.6 
27.4 

7.4 +: 1.6 
530.0 ? 367.4 
43.3 * 13.5 

84.4 

0.0 
28.1 

9.4 
3.1 

28.1 
9.4 
6.3 

40.6 
18.8 
0.0 
0.0 Before diagnosis 

12.5 After diagnosis 
15.6 

O. O Before diagnosis 
9.4 After diagnosis 
3.1 

6.3 
25.0 

7.6 f. 1.6 
597.5 ? 327.4 
44.6 +: 10.4 

66.7 

13.3 
40.0 
20.0 
20.0 
26.7 

6.7 
33.3 
33.3 
33.3 
46.7 
20.0 Before diagnosis 
26.7 After diagnosis 
20.0 

20.0 After diagnosis 
6.7 Before diagnosis 

6.7 

20.0 
20.0 

7.3 I 1.9 
524.0 ? 171.9 

35.1 ? 12.8 

"The nondemented group excluded the patients with cognitive change who did not meet DSM-111 criteria for dementia, as well as those with 
clinicai diagnoses of dementia. 
AD = Alzheimer's disease; MID/MIX = multiinfarct dementidmixed AD and cerebrovascular disease; MI = myocardiai infarction; CVA = 
cerebrovascular accident; LVH = left ventricular hypertrophy; HDL = high-density lipoproteins. 

scored lower than nondemented subjects on self- 
ratings of satisfaction and health. Because of the rela- 
tively small number of subjects with MID/MIX, other 
important risk factors may not have become evident. 

Discussion 
Both prevalence C9, 231 and incidence 112, 271 of 
dementia rise sharply with age, with the majority of 
cases being attributable to AD. The incidence of de- 

mentia of 3.5 per 100 person-years for an 80-year-old 
cohort feli weii within the range of values reported by 
Hagneli and colieagues 1121 in the Lundby study and 
by Sluss and colleagues 1271 in the Baltimore longitu- 
dinal study. The rate ratio of women to men devel- 
oping dementia in our sample was greater than that 
reported in other series 14, 12, 251. Twenty-seven of 
the 32 (84.4%) who developed AD in our study were 
women, whereas women constituted just under two- 
thirds of the entire sample. In the Hagnell study [12), 
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the total incidence of dementia was somewhat higher 
for men past 80 (4.4%) than women (3.2%), although 
there was no breakdown by diagnosis. The incidence 
of 2.0 per 100 person-years at risk for AD at age 80 
was between the values of 3.2% reported by Sluss and 
colleagues [27) and 1.3% reported by Sayetta 1261. 

The incidence of AD reported in Table 2, which 
was based upon cases meeting diagnostic criteria, was 
undoubtedly an underestimate. The true incidence of 
AD was clouded by our inability to diagnose it accu- 
rately in patients with coexisting MID/MIX or other 
neurodegenerative disorders that mask its presence. 
Based upon the data from Tomlinson and colleagues 
C29) and Rosen and colleagues 124) and clinical consid- 
erations, one could estimate that about 7 of the MID/ 
MIX subjects and 3 of the subjects with diagnoses 
other than MID/MIX or AD may have had coexistent 
AD. Thus, the number of cases of AD might have 
been as high as 43, which would correspond to a total 
incidence of AD of 2.6 per 100 person-years at risk, a 
figure that could serve as a reasonable upper limit in 
this series. 

The extent to which mental status test scores pre- 
dicted dementia was noteworthy. Roth 1251 found lit- 
tle success in diagnosing the early stages of dementia. 
For example, of the 7 11 persons 65 years or older in 
the Newcastle-upon-Tyne study, 30 people were 
observed to develop dementia during a 2- to 4-year 
follow-up. Only 6 of the 30 were suspected of having 
organic mental disorders on the initial examination. 
Jarvik and Blum 114) found the scores on the vo- 
cabulary, similarities, and digit-symbol subtests of the 
Wechsler Adult Intelligence Scale (WAIS) obtained 
20 years previously predictive of which elderly (mean 
age 84 years) persons would be diagnosed as demented 
or nondemented. In our study, the scores on the 
WAIS vocabulary and simiiarities test achieved at the 
initial evaluation did not predict who would subse- 
quently become demented. 

Three aspects of the relationship of AD to the 
baseiine mental status score deserve emphasis. The 
first is that 60% of this 80-year-old cohort had less 
than a 0.5% per year risk of developing AD. Thus, 
there is a substantial segment of the elderly population 
that will likely remain free of this “geriatric tragedy” at 
least in the immediate future. 

A second aspect to be emphasized is the usefulness 
of mental status tests in general, and the Blessed IMC 
test in particular, in identifying cognitive impairment. 
Mental status tests were developed to test deficits re- 
sulting from generalized disease of the brain, in con- 
trast to tests for focal lesions, such as aphasia batteries. 
Our study has established that such tests are valid for 
identifying the beginning of cognitive impairment in 
still-functioning elderly persons. Families are capable 
of ignoring or denying early symptoms and, in our 
sample, the mental status test often detected change 

before the families did. Nevertheless, the mental status 
tests by themselves are not specific, and the need for 
additional early diagnostic indicators is evident. 

More than 90% of those who scored over five er- 
rors on the IMC test at intake made errors in al1 or part 
of the five-point memory phrase question. These indi- 
viduals were then functioning individuais with memory 
impairment and might well have been considered to 
have “benign senescent forgedulness.” The finding 
that 37% of these subjects developed dementia raises 
a question as to the usefulness of Kral’s [20) concept 
of benign senescent forgetfulness. 

Clinically, AD patients may experience depression, 
especially if they become aware of their progressive 
cognitive deficit. In our study, we have documented 
that depression does not usually occur at the earliest 
phase of the disorder. In contrast, several of the MID/ 
MIX patients were initially depressed, a finding consis- 
tent with the inclusion of depression in the Hachinski 
ischemic score [111. 

At this stage of the prospective study, the ability to 
identify risk factors for AD is limited by the number of 
subjects in each group. We would expect to be able 
only to identify factors with a “relative” risk greater 
than 3.0 for factors present in more than 10% of the 
initial sample. The two significant risk factors for AD 
confirmed by this study are age and gender. A history 
of dementia in a first-degree relative is an important 
risk factor in younger patients [13), but not in our 
cohort. The rates of two recently reported risk factors 
for AD, a history of head injury [ i ,  13, 22) and a 
history of thyroid disease 1131, are sufficiently lower in 
our AD subjects than in our nondemented subjects to 
make it unlikely that these would become risk factors, 
even if the number of AD subjects were doubled. 
Because case contro1 studies reporting these risk fac- 
tors were carried out on subjects under 70 years old, 
one could speculate that these particular factors are 
more important in the so-called presenile AD patient 
than in the elderly patient. 

It has become evident in this study that a majority of 
apparently mentaliy intact 80-year-olds are, indeed, at 
a low risk for the onset of dementia, but that there is 
also a significant minority at high risk. Moreover, in 
this study population the incidence of dementia ex- 
ceeded that of stroke and equaled that of presumed 
heart attacks. Thus, as success continues in the preven- 
tion of cardiovascular and cerebrovascular disease, de- 
mentia-AD in particular-will become the most seri- 
ous health problem of the aged. 

Supponed by grant NSP01-9234 from the NINCDS. 

References 
1. Amaducci LA, Fratiglioni L, Rocca WA, et ai: Risk factors for 

clinicaily diagnosed Alzheimer’s disease: case-contro1 study of 
an Italian population. Neurology 36922-931, 1986 

Katzman et al: Dernentia in an 80-year-old Cohort 323 



2. American Psychiatric Association: Diagnostic and Statistical 
Manual of Mental Disorders. 3rd ed. Washington DC, Am Psy- 
chiatric Assoc, 1980 

3. Aronson MK, Ooi WL, Frishman W: Coronary heart disease. 
Qual Life Cardiovasc Care 2:197-207, 1986 

4. Bergmann K, Kay DWK, Foster EM, et al: A follow-up study of 
randomly selected communiry residents to assess the effects of 
chronic brain syndrome and cerebrovascular disease. In Hoff- 
meister F (ed): New Prospects in the Study of Mental Disorders 
in Old Age: Psychiatry, Part I1 (International Series No. 274). 
Amsterdam, Excerpta Medica, 1979, pp 856-865 

5. Blessed G, Tomlinson E, Roth M: The association between 
quantitative measures of dementia and of senile change in the 
cerebral grey matter of elderly subjects. Br J Psychiatry 114: 
797-811, 1968 

6. Cox DR: Regression models and life tables. J Roy Stat Soc, Ser 

7. French LR, Schuman LM, Mortimer JA, et al: A case-contro1 
study of dementia of the Alzheimer type. Am J Epidemiol 

8. Fuld PF: Psychological testing in the differential diagnosis of the 
dementias. In Katzman R, Terry RD, Bick KL (eds): Alz- 
heimer’s Disease: Senile Dementia and Related Disorders (Ag- 
ing, VOI 7). New York, Raven, 1978, pp 185-193 

9. Gruenberg EM: Mental health survey of older persons. In Hoch 
PC, Zubin J (eds): Comparative Epidemiology of the Mentai 
Disorders. New York, Grune, 1961, pp 13-23 

10. Haase G R  Diseases presenting as dementia. In Wells CE (ed): 
Dementia. 2nd ed. Philadelphia, Davis Co, 1977, pp 27-67 

11. Hachinski V: Cerebral blood flow differentiation of Alzheimer’s 
disease from multiinfarct dementia. In Katzman R, Terry RD, 
Bick KL (eds): Alzheimer’s Disease: Senile Dementia and Re- 
lated Disorders (Aging, Vol 7). New York, Raven, 1978, pp 

12. Hagnell O, Lanke J, Rorsman B, Ojesjo L Does the incidence 
of age psychosis decrease? Neuropsychobiology 7:201-2 11, 1981 

13. Heyman A, Wilkinson WE, Stafford JA, et al: Alzheimer’s dis- 
ease: a study of epidemiologic aspects. Ann Neurol 15:335- 
341, 1984 

14. Jarvik LF, Blum JE: Cognitive declines as predictors of mortality 
in twin pairs: a twenty-year longitudinal study of aging. In Pal- 
more E, Jeffers FC (eds): Prediction of Life Span; Recent Find- 
ings. Lexington, MA, Heath, 197 1 

15. Jellinger J: Neuropathological agents and dementia. Acta Neu- 
rol Belg 76533-102, 1976 

16. Katzman R: The prevalence and malignancy of Alzheimer dis- 
ease. Arch Neurol 33:217-218, 1976 

B 34:187-202, 1972 

22 ~414-42 1, 1985 

97-104 

17. Katzman R, Brown T, Fuld P, et al: Validation of a short orien- 
tation-memory-concentration test of cognitive impairment. Am 
J Psychiatry 140:734-739, 1983 

18. Katzman R, Terry RD, DeTeresa R, et al: Clinical, pathological, 
and neurochemical changes in dementia; a subgroup with pre- 
served mental status and numerous neocortical plaques. Ann 
Neurol23:53-59, 1988 

19. Kieinbaum DG, Kupper LL, Morgenstern H: Epidemiologic 
Research Principles and Quantitative Methods. Belmont, CA, 
Lifetime Learn, 1982 

20. Kral VA: Benign senescent forgetfulness. In Katzman R, Terry 
RD, Bick KL (eds): Alzheimer’s Disease: Senile Dementia and 
Related Disorders (Aging, VOI 7). New York, Raven, 1978, pp 

2 1. McKhann G, Drachman D, Folstein M, et al: Clinical diagnosis 
of Alzheimer’s disease: report of the NINCDS-ADRDA work 
group under the auspices of Department of Health and Human 
Services Task Force on Alzheimer’s Disease. Neurology 34: 

22. Mortimer JA, French LR, Hutton JT, Schuman LM: Head in- 
jury as a risk factor for Alzheimer’s disease. Neurology 35:264- 
267, 1985 

23. Nielsen J: Gerontopsychiatric period-prevalence investigation 
in a geographicaliy delimited population. Acta Psychiatr Scand 
38~307-339, 1963 

24. Rosen WG, Terry RD, Fuld PA, et al: Pathological verification 
of ischemic score in differentiation of dementias. Ann Neurol 

25. Roth M: Epidemiological studies. In Katzman R, Terry RD, 
Bick KL (eds): Alzheimer’s Disease: Senile Dementia and Re- 
lated Disorders (Aging, VOI 7). New York, Raven, 1978, pp 
337-339 

26. Sayetta RB: Rates of senile dementia-Alzheimer’s type in the 
Baltimore longitudinal study. J Chronic Dis 39:271-286, 1986 

27. Sluss TK, Gruenberg EM, Kramer M: The use of longitudinal 
studies in the investigation of risk factors for senile dementia- 
Alzheimer-type. In Mortimer JA, Schuman LM (eds): The 
Epidemiology of Dementia. London, Oxford U Pr, 1981, pp 

28. Thal LJ, Grundman M, Golden R: Alzheimer’s disease: a corre- 
lational analysis of the Blessed Information-Memory-Concen- 
tration Test and the Mini-Mental State Exam. Neurology 36: 

29. Tomlinson BE, Blessed G, Roth M: Observations on the brains 
of demented old people. J Neurol Sci 11:205-242, 1970 

30. Wells CE (ed): Dementia. 2nd ed. Philadelphia, Davis Co, 1977, 

47-52 

939-944, 1984 

7~486-488, 1980 

132-154 

262-264, 1986 

pp 247-273 

324 Annals of Neurology Vol 25 No 4 Apri1 1989 




