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Article abstract—The original version of ‘the Clinical Dementia Rating 
(CDR) scale correlates with other dementia rating scales, and predicts nurs- 

ing home (NH) admission and death. To validate the extended components of 
the scale, we analyzed data from subjects participating in a community-based 

study of dementia. The extended CDR scale also correlated with measures of 
dementia severity and NH residence. “Profound” and “terminal” stages pre- 
dicted shortened survival. The extended CDR scale should be useful in stud- 

ies of the later stages of dementia. 
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Clinical staging of dementia is based on neuropsy- 
chological test performance, estimates of global func- 
tion, and behavioral rating scales or checklists. A 
system developed for the prospective study of mild 
Aizheimer’s disease (AD), the Clinical Dementia Rat- 

ing scale (CDR), has been used in numerous longitu- 
dinal studies of dementia and as a staging device for 
clinical trials of experimental therapies in AD. CDR 
scores of 1 to 3 (mild, moderate, and severe) correlate 
well with other dementia rating scales and predict 
nursing home (NH) admission and death.*4 Heyman 
et al.* extended this scale to include profound (CDR 
= 4) and terminal (CDR = 5) stages to classify the 
later stages of dementia frequently observed in NHs. 
We employed the CDR and its extension in the eval- 
uation of elderly subjects being followed in a longitu- 
dinal study of dementia in northern Manhattan.® 

The objective of this paper is to validate the exten- 
sion of the original CDR scale to the profound and 
terminal stages. To establish the validity of this ex- 
tension of the CDR scale, an objective measure of 
dementia severity for comparative purposes would be 
ideal. Unfortunately, no such “gold standard” exists. 
Correlations with other indices that attempt to 
quantify dementia severity seem a reasonable alter- 
native. At the extreme end of severity scales, how- 

ever, most measures suffer from ceiling or floor ef- 
fects {as seen, for instance, in the current 

investigation with a relatively simple psychometric 
test, the sBIMC) (table 1). The extension of the CDR 
scale might be considered valid if cross-sectional 
data demonstrated correlations between the ex- 
tended CDR scale and other measures of dementia 
severity, and if there was evidence of progression 

across these stages in longitudinal follow-up. Even if 
valid, the question of whether this extended scale 
would be useful would remain. The utility of this 
extension of the CDR scale might be confirmed if 
there were evidence that CDR = 4 or 5 was associ- 
ated with an increased risk of severe outcomes such 
as death. 

Subjects and Methods. Subjects were selected from 
volunteers participating in the Washington Heights- 
Inwood Columbia Aging Project,®> a community-based, pro- 

spective study of dementia in a geographically defined area 
of northern Manhattan. Potential subjects were referred 
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by community-based providers, and the current analysis 

was limited to individuals who met criteria for a diagnosis 
of dementia. The diagnostic paradigm employed in the di- 

agnosis of dementia is described in detail elsewhere.®* 
Briefly, impaired memory and impairment in at least two 

of the following areas (orientation, construction, abstract 

reasoning, and language) as well as impairment of func- 

tion at work or home as a result of these cognitive deficits 
was required for a diagnosis of dementia. Nine hundred 

fifty-six individuals met criteria for dementia during a pe- 

riod of 6 years (see table 1). The etiology of dementia in 

these subjects was probable or possible AD in 84%, vascu- 
lar in 5%, and other in 11%. 

Subjects were seen annually. A medical and neurologic 
history was obtained by a physician, and subjects under- 
went medical and neurologic examination. The Blessed De- 

mentia Rating Scale (BDRS) (Part I, sections A and B—the 

cognitive and basic function subscales [eating, dressing, 

toileting])’ and the Schwab and England Activities of Daily 

Living Scale (ADL)* were administered to measure func- 

tional capacity. The short version of the Blessed Informa- 

tion Memory, and Concentration Test (sBIMC)° and a bat- 
tery of neuropsychological tests were administered.’ The 
CDR was used to rate the severity of dementia according to 
the method of Hughes et al.,' and the extension proposed 
by Heyman et al.t The CDR ratings were performed by 

neurologists and neuropsychologists and were based on all 

the available information. In addition to the above, this 

included medical chart data from nursing home residents 

and laboratory or imaging data when available. Specifi- 
cally, subjects were rated “profoundly demented” (CDR = 

4) if their speech was usually unintelligible or irrelevant; if 

they were unable to follow simple instructions or compre- 
hend commands; if they only occasionally recognized their 
spouse or caregiver; if they used fingers more than utensils 

or required much assistance to eat; if they were frequently 
incontinent; if they were usually chair-bound; if they were 

rarely out of their residence; and if their hmb movements 
were often purposeless. They were rated “terminal” (CDR 

= 5) if they showed no comprehension or recognition, 

needed to be fed or had tube feedings, were totally inconti- 
nent, and were bedridden. 

Vital status was often determined when attempting to 

complete annual follow-up, though mortality information 
was frequently received from the original referral source. 
For patients who could not be contacted or were otherwise 

lost to follow-up, death information was obtained as avail- 
able through the National Death Index. 

The relationships between continuous variables (age,



Table 1 Characteristics by baseline CDR score 
  

  

  

CDR score 

1 2 3 4 5 All 

N 577 187 116 62 14 956 

Age 79.7 81.6 83.1 85.7 81.4 80.9 

(8.1) (7.9) (7.9) (7.2) (9.2) (8.1) 

% Male 32% 29% 31% 27% 21% 31% 

Education 6.9 7.1 8.3 7.9 12.1 7.3 

(4.4) (4.8) (4.5) (4.8) (3.1) (4.5) 

BDRS 4,2 8.1 12.3 15.2 15.7 6.8 

(3.4) (3.9) (3.8) (2.6) (2.4) (5.1) 

ADL % 61.8 43.3 23.2 13.3 7.5 49.6 

(22.2) (19.9) (12.9) (6.8) (4.5) (26.3) 

% NH 3% 16% 35% 52% 64% 18% 

sBIMC 12.9 20.0 24,2 24,1 27.5 15.9 

(6.3) (6.0) (5.1) (8.2) (0.7) (7.6) 

% AD 86% 82% 78% 77% 86% 85% 

Died 111 76 59 43 14 303 

Survival 3.4 2.8 1.6 1.5 0.8 

(2.5, 3.1) (1.1, 2.1) (1.1, 1.8) (0.6, 1.0) (3.0, 3.8) 
  

CDR = clinical dementia rating; Age = mean years, (standard deviation [SD]); Education = mean years, (SD); BDRS = mean blessed 

dementia rating scale score, (SD); ADL % = mean Schwab and England activities of daily living score, (SD); % NH = percent nursing 
home residents; sBIMC = mean short blessed information, memory, and concentration score, (SD); % AD = percent carrying diagnosis 
of probable or possible Alzheimer’s disease; Died = number of subjects who have died during follow-up; Survival = median survival in 

years from baseline, (95% confidence interval), unadjusted. 

years of education) and CDR at baseline were assessed by 
one-way ANOVA with Bonferroni correction for multiple 

comparisons. Spearman rank correlation was used to as- 
sess the relationships between CDR and continuous, 
ranked, or quasicontinuous variables (age, years of educa- 
tion, BDRS score, sBIMC score, ADL rating, NH residence, 
vital status). Pearson correlation adjusting for age and 
education was used to assess the relationships between 
CDR and quasicontinuous variables (BDRS score, sBIMC 
score, ADL rating). Pearson chi-square tests with continu- 
ity correction were used to assess the relationships be- 

tween CDR and categorical variables (gender, race, cause 

of dementia). Cox proportional hazards regression models 

were used to assess the relative predictive value of base- 
line CDR scores, while adjusting for several covariates, on 

survival and on progression to CDR = 4 or 5. Comparisons 
were made between a given CDR score, as referent, and ail 
higher CDR scores (e.g., CDR = 1 versus CDR = 2, CDR = 
1 versus CDR = 3, CDR = 1 versus CDR = 4, and CDR = 
1 versus CDR = 5). All analyses were performed using 

SPSS/PC + 5.0.2 (SPSS Inc., Chicago, IL, 1993). 

Results. Baseline characteristics are displayed in table 

1, Subjects with CDR = 1 were significantly younger than 
subjects with CDR = 2, 3, or 4. Subjects with CDR = 2 
were significantly younger than subjects with CDR = 4. 
No other pairwise comparisons of mean age were signifi- 

cant. Subjects with CDR = 5 had significantly more years 
of education than subjects with CDR = 1, 2, 3, or 4. Sub- 

jects with CDR = 3 had significantly more years of educa- 

tion than subjects with CDR = 1. No other pairwise com- 
parisons of mean education were significant. Correlates of 

increasing CDR score (1 to 5) were increasing age (r = 
0.2092, p < 0.001), increasing functional impairment as 

measured by increased BDRS score (r = 0.6735, p < 0.001) 
and decreasing percent independence in ADL (r 
—0.6433, p < 0.001), increasing years of education (r 

0.1149, p < 0.001), worsening performance on the sBIMC 
(r = 0.5719, p < 0.001), NH residence (r = 0.4326, p < 

0.001), and death during follow-up (r = 0.3636, p < 0.001). 
After adjusting for age and education, increasing CDR was 
still correlated with increasing functional impairment as 

measured by increased BDRS score (r = 0.6028, p < 0.001) 

and decreasing percent independence in ADL (r = 
—0.5098, p < 0.001), worsening performance on the sBMIC 

(r = 0.5682, p < 0.001), NH residence (r = 0.3468, p < 
0.001), and death during follow-up (r = 0.2656, p < 0.001). 

CDR was not associated with gender, race, or cause of 

dementia. 
Four hundred sixty-three demented subjects have been 

reassessed at least once at intervals of 1 year. Two hun- 

dred twenty-two were seen twice; 143 were seen three 
times; 58 four times; 28 five times; 11 six times; and one 

subject was seen seven times. Three hundred twenty-five 

demented subjects are awaiting their first annual reas- 
sessment after a diagnosis of dementia. One hundred six- 

ty-one demented subjects died before their first follow-up 
examination. Six demented subjects refused follow-up, and 

one has been lost to follow-up. Thirty-six subjects rated 
CDR 1 to 3 at baseline progressed to CDR = 4 and 16 
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Table 2 Relative risk of progression to CDR = 4 or 5, or death, 

given baseline CDR 
  

  

Baseline CDR RR CDR = 4 95% CI Dp 

2vs 1 7.8 (2.6, 23.5) 0.0003 

3vs lk 21.9 (6.5, 74.2) 0.0061 

3 vs 2 3.4 (1.5, 8.1) 0.0047 

RR CDR = 5 

2vs 1 7.4 (0.5, 106.1) ns 

3 vs 1 62.2 (2.9, 1845.1) 0.0084 

4vs 1 1344.1 (41.0, 44007.6) 0.0001 

3 vs 2 22.5 (2.4, 210.3) 0.0063 

4vs2 627.6 (30.3, 13016.0) 0.0001 

4vs 3 1216.0 (10.7, 1388464.7) 0.0033 

RR Death 

2vs i 1.2 (0.9, 1.6) ns 

3 vs i 1.7 (1.2, 2.4) 0.0048 

4vs] 2.6 (1.7, 4.0) 0.0001 

5 vs 1 4.7 (2.5, 8.7) 0.0001 

3 vs 2 1.4 (0.9, 2.1) ns 

4vs 2 2.3 (1.5, 3.6) 0.0003 

5 vs 2 3.8 (2.0, 7.2) 0.0001 

4vs 3 1.6 (1.0, 2.7) 0.0418 

5vs 3 2.7 (1.4, 5.0) 0.0028 

5vs 4 1.5 (0.7, 3.3) ns 
  

95% confidence interval. 

subjects rated CDR 1 to 4 at baseline progressed to CDR = 
5 during follow-up. Three hundred three of the 956 de- 
mented subjects died during up to 5 years of follow-up. 

Cox proportional hazards models were used to deter- 
mine the relative risk (RR) of progression to CDR = 4 or 5. 
Neither progression to CDR = 4 or 5 was associated with 

age, gender, education, race, NH residence, or dementia 

diagnosis. 
To assess whether there was progression through CDR 

stages, the RR of progression to CDR = 4 or 5 for contrasts 
of CDR scores were determined, after adjusting for age, 
education, gender, race, NH residence, and dementia diag- 

nosis. Thus, for example, the RR of progression to CDR = 4 
for patients with a baseline CDR = 3 is 22 times greater 
than the risk of progression to CDR = 4 for patients with a 
baseline CDR = 1 (table 2). The trend suggests that there 

is a linear progression from one stage of the CDR scale to 

the next. 
Cox proportional hazards models were also used to de- 

termine the RR of death for contrasted baseline CDR 

scores, while adjusting for age, gender, race, years of edu- 

cation, etiology of dementia, and residence in a NH (table 

2). Increased age, increased years of education, male gen- 

der, and increasing CDR were asscciated with a significant 

increase in mortality. Repeating the Cox analyses while 
stratifying by mean age (80.9 years), median years of edu- 
cation (eight or less versus more than eight), or gender 
demonstrated the same relationship between baseline 
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Figure. Survival curves for baseline Clinical Dementia 
Rating scale (CDR) scores I to 5 derived from Cox proepor- 
tional hazards analysis, adjusted for covariates. 

CDR and survival: survival decreased with increasing 

CDR score. The median survival for subjects with CDR = 5 
was about 1 year; for CDR = 4 nearly 2 years; for CDR = 3 

about 2 % years; for CDR = 2 about 3 years; and for CDR 

= ] about 3 4% years (figure). 

Discussion. Among the patients reported by Hey- 
man et al.,* none had CDR scores higher than 3 on 
entry and the authors did not note progression to 
profound (CDR = 4) or terminal (CDR = 5) stages. 
There were 76 prevalent and 52 incident profoundly 
and terminally demented patients in our study. In 
addition to the CDR, we made other evaluations of 
the severity of dementia and correlated them with 
the CDR score. These included functional measures 
(the BDRS and ADL scales) as well as a simple cog- 
nitive measure (the sBIMC). We also correlated 

nursing home residence and death with the extended 
CDR scale. The longitudinal data suggest that there 
is a progression across CDR stages. Finally, the pro- 
found and terminal stages have prognostic utility 
with respect to survival, though the distinction be- 
tween these stages in this regard is not statistically 
significant, perhaps owing to the small number of 
cases with CDR = 5. Thus, extension of the CDR 

scale to stages of greater severity is valid and clini- 
cally meaningful. Subjects with CDR = 4 or 5 are 
measurably more demented than subjects with lower 
CDR ratings and have a poorer prognosis for sur- 
vival. Additional follow-up of this cohort will be nec- 
essary to demonstrate a progression through the 
stages of the CDR, but the extended CDR scale may 
prove to be a simple method for clinicians to make 
prognostic statements about the course of disease in 
patients with dementia, especially with respect to 
the later stages of dementia. 
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«4 Allele of 
apolipoprotein E 
increases risk of 

Alzheimer’s disease in 

a Chinese population 

Article abstract—We examined the apolipoprotein E genotype in 56 Chi- 

nese patients with late-onset sporadic Alzheimer’s disease (AD) and 57 Chi- 

nese control subjects of similar age. The frequency of «4 in the AD group was 

significantly higher than that in the control group (23.2% versus 7.9%, p = 
0.003). The odds ratio for AD in individuals with either one or two e4 was 2.96 
(95% CI 1.11 to 8.03). The linear trend for AD in proportion to alleles of €4 
was also significant (y* = 8.2, p = 0.004). Our results support the association 
between e4 and AD in the Chinese. 
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Studies have shown an increased frequency of the e4 
allele of apolipoprotein E (apoE) in late-onset spo- 
radic Alzheimer’s disease (AD).'? However, the 

strength of association between e4 and AD varies.‘ 
To better understand the relationship between e4 
and AD in the Chinese, we analyzed the genotype of 
apoE in Chinese AD patients and control subjects. 

Methods. Subjects. The study was conducted at the 
Veterans General Hospital-Taipei, Taiwan, from 1994 to 

1995. Fifty-six consecutively treated or admitted AD pa- 
tients 65 years of age or older were included in this study. 
All the patients were identified by the neurologic clinics of 
Veterans General Hospital-Taipei and were diagnosed by a 
team of neurologists (H.C.L., S.J.W., and J.L.F.). The diag- 

nosis of AD was made by consensus according to the crite- 
ria of the National Institute of Neurological and Communi- 

cative Disorders and Stroke and the Alzheimer’s and 
Related Disorders Association for probable AD. 

All control subjects, older than 65 years old, were genet- 
ically unrelated to each other or to the patients. Twenty- 
three of 57 control subjects were spouses of the AD pa- 
tients included in this study and 9 were spouses of patients 
with other neurologic diseases. Twenty-five others were 

individuals who presented themselves to this neurologic 

clinic with low back pain (n = 20) or headache (n = 5). 
Each control subject was given clinical, mental, and neuro- 

logic examinations and a Mini-Mental State Examination 
(MMSE) to rule out any insidious cognitive deficit. 

Laboratery methods. DNA isolated from peripheral 

blood leukocytes was amplified by PCR along with an up- 

stream primer: 5'-TCCAAGGAGCTGCAGGCGGCGCA-3' 

and a downstream primer: 5'-ACAGAATTCGCCCCGGC- 

CTGGTACACTGCCA-3'.5 The PCR products were digested 
with Cfol, and the fragments were separated by electro- 

phoresis on a 4% ethidium bromide-containing agarose gel. 
DNA fragments were visualized by ultraviolet illumina- 

tion. ApoE genotypes for the patient and control groups 

were determined in a blinded fashion by scoring for a 
unique combination of fragment sizes, as described by 

Wenham et al.° 

Statistical analysis. Allele frequencies for AD patients 

and control subjects were estimated by counting alleles 

and calculating sample proportions. Comparisons of geno- 
type frequencies and allele frequencies were made using 

chi-square test. Chi square for linear trend of AD was 
calculated in proportion to the number of «4 allele. Two- 
tailed Student’s ¢ test was used to compare quantitative 

data. 
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