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Abstract—Objective: To evaluate the performance of nondemented subjects 85 years and older on the Consortium to
Establish a Registry for Alzheimer’s Disease (CERAD) neuropsychological battery, and to assess its relationship with
sociodemographic variables. Methods: We studied 196 subjects enrolled in an Alzheimer’s Disease Research Center study
who had a complete CERAD neuropsychological assessment. We used multiple regression analysis to predict performance
on the neuropsychological tests from age, education, and sex. Eight representative hypothetical individuals were created
(for example, an 87-year-old man, with high education). For each test, estimates of performance at the 10th, 25th, 50th,
and 75th percentiles were reported for the eight representative hypothetical individuals. Results: Mean age was 89.2 years
(SD = 3.2), mean years of education was 14.9 (SD = 3.2), and 66% of the sample were women. For 11 of the 14
neuropsychological tests, there was a significant multiple regression model using education, age, and sex as predictors.
Neither the models nor the predictors used individually were significant for Delayed Recall, Savings, or correct Recogni-
tion. Among the significant results, seven had education as the strongest predictor. Lower age and higher education were
associated with better performance. Women performed better than men in three of four tests with significant results for
sex. Conclusions: In a sample of oldest old whose primary language is English, neuropsychological testing is influenced
mainly by education and age. Cutoff scores based on younger populations and applied to the oldest old might lead to
increased false-positive misclassifications.
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The Consortium to Establish a Registry for Alzhei-
mer’s Disease (CERAD) developed a relatively brief
neuropsychological battery for the assessment of pa-
tients with Alzheimer disease (AD). Norms for the
battery have been published for several cultures,
populations, and settings.> Norms have also been
published for a broad range of ages®® where the high-
est range is generally referred to as “80+.” From the
mean and SD of these older age categories, most of
the subjects in these studies are probably close to
age 80 years.

Age as well as sex and education are associated
with the scores of the tests of the CERAD neuropsy-
chological battery.2® Without a clear indication of the
normal range of performance expected from nonde-
mented very old individuals, and the understanding
of the associations of demographic variables with

Additional material related to this article can be found on the Neurology
Web site. Go to www.neurology.org and scroll down the Table of Con-
tents for the September 26 issue to find the title link for this article.

these scores, interpretation of test results becomes
subjective, prone to error, and when basing the inter-
pretation on norms for younger cohorts, at great risk
for false positives for impairment. In this study we
evaluated the performance on the CERAD neuropsy-
chological battery in 196 nondemented elderly,
whose primary language is English, with ages rang-
ing from 85 to 101 years, participating in a study
examining cardiovascular risk factors for cognitive
decline and dementia in the oldest old.

Methods. Subjects. Data are from an ongoing, NIA-funded,
longitudinal research project of Mount Sinai’s ADRC investigating
cardiovascular risk factors in the oldest old. Subjects were healthy
volunteers. Investigators were blind to subjects’ cardiovascular
status at the time of recruitment. The study was approved by the
Institutional Review Board of the Mount Sinai School of Medicine,
NY, and all subjects signed informed consent.

Subjects were recruited after talks on memory at senior cen-
ters in the tri-state area (New York, New Jersey, and Connecti-
cut), or through newspaper advertisements. In addition, subjects
were asked to invite acquaintances to participate in the study.
Volunteers who were 85 years and older and who reported having
no memory problems were visited and assessed at their residences
(none of which were institutions, although this was not a require-
ment). After written informed consent was obtained, a Clinical
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Dementia Rating scale (CDR)® score was obtained based on infor-
mation from both the subject and an informant. Only subjects
with CDR = 0 (not demented) were included in the study. Those
with CDR = 0.5 (questionable dementia or dementia) were invited
to participate in other ADRC projects. Because the number of
enrolled African American and Hispanic subjects was too small at
the time of data analysis to support normative inferences, only the
normative data for the white subjects are presented here. Eighty-
eight percent of the participants were born in the United States
and the rest lived in the United States since early childhood.
There were no significant differences in neuropsychological scores
between these two groups. The 196 subjects who 1) satisfied strict
entry criteria, i.e., exclusion of serious neurologic, medical, and
psychiatric disorders that could affect cognition, 2) who were 85
years and older at entry into the study, and 3) spoke English as
their first language, participated in this study.

Clinical assessments. The interview included neuropsycholog-
ical testing, medical and family history, drug inventory, sociode-
mographic, lifestyle, and dietary information, the Geriatric
Depression Scale, and a blood draw. Those with CDR score equal
to zero but with a discrepancy between informant and subject’s
report, raising doubt about their cognitive intactness, were re-
ferred to the ADRC Clinical Core for a full dementia workup. All
subjects so referred (n = 6) had their non-dementia status (CDR =
0) confirmed.

Neuropsychological testing. CERAD neuropsychological as-
sessment battery was administered to each subject by a certified
psychometrician. The battery was designed to assess the basic
cognitive functions affected in AD and included the various mea-
sures listed below, presented in the order of administration within
the battery. The subtest designations that will be used throughout
the text and tables are also provided.

Verbal Fluency Test (Fluency). This test measures verbal
production, semantic memory, and language.'® It requires the sub-
ject to name as many examples of the category “animal” as possi-
ble in 1 minute.

Boston Naming Test (Boston). This test measures visual
naming and presents 15 line drawings of common objects from the
Boston Naming Test.!! These items are stratified into three groups
of five items each, representing objects of high (easy to name),
medium, and low (hard to name) frequency of occurrence in the
English language. The maximum score is 15.

Mini-Mental State Examination (MMSE). This is a general
cognitive screening test that measures orientation, language, con-
centration, constructional praxis, and memory.? The maximum
score on the test is 30.

Word list memory (Trial 1, Trial 2, Trial 3, Total trials 1-3).
This is a free recall memory test that assesses learning ability for
new verbal information. Participants are presented 10 unrelated
items to remember on printed cards. They are instructed to read
aloud each word as it is presented. Immediately following presen-
tation of the 10 words, the participant is asked to recall as many
items as possible. On each of the three learning trials, the 10
words are presented in a different order. The maximum score on
each trial is 10. The maximum total score is 30.

Constructional Praxis (Praxis). This task is part of the Alz-
heimer’s Disease Assessment Scale (ADAS'?). It measures visuo-
spatial and constructional abilities and requires the subject to
copy four line drawings presented in order of increasing complex-
ity (circle, diamond, overlapping rectangles, and cube). The total
possible score is 11.

Word list recall (Delayed). This test assesses the ability to re-
call, after 15 minutes, the 10 words given in the word list memory
test. The maximum number of correct responses is 10. For each
subject, a saving score (Savings) can be calculated and is presented
as a percentage reflecting the relative amount of verbal information
retained over the delay interval ([Delay/Trial 3]*100 = Savings).

Word list recognition. This test counts the number of 10
words presented in the word list memory task correctly recognized
(Rec-yes). These words are presented among 10 distractor words.
The number of distractor words correctly identified (Rec-no) is
also counted. The maximum score for each is 10.

Data collection for these subjects was performed in the context
of a longitudinal ADRC study that was initiated using the original
CERAD neuropsychological battery. Although Constructional
Praxis Recall was subsequently added to the CERAD battery, it
was not included in the version used in this study.

Trail Making Test. Since the CERAD battery lacked speed
and flexibility components, we also assessed the Trail Making
Tests. The Trail Making tests'® measure timed attention, visual
scanning, and sequencing. Part A (Trails A) entails connecting
randomly ordered numbers by drawing a line in sequence and has
a strong motor speed and agility component. Part B (Trails B)
entails connecting numbers and letters in alternating order and
adds a strong complex set shifting component reflecting mental
flexibility. The psychometrician stopped each test after 5 minutes.
The times to complete each of the tasks were used as the two
measures for analyses. Although the numbers of errors were also
recorded, they are not analyzed here.

Statistical analysis. To extend the 5-year age intervals re-
ported in other normative studies,'® the sample was divided into
subgroups, 85 to 90 years old and 90 and above. Subjects of the
current study tended to have high levels of education, similar to
other research studies of this nature.? For this reason the sample
was also divided by those with only a high school education or less
(12 years of education and below) and those with at least some
post high school education (13 years of education and above). We
also divided the sample by sex. Comparison of the variables for
descriptive purposes was done using ¢ test. In order to provide
norms, these three dichotomies were used to create eight catego-
ries described below.

Half of the variables had distributions that satisfied the nor-
mality assumption. Rec-no had over 90% of its observations at the
ceiling, so transformations would not normalize its distribution.
For simplicity, no transformation was applied to this variable. Its
percentiles (reported in table E-1 on the Neurology Web site at
www.neurology.org) were censored to a maximum of 10.0 reflect-
ing its ceiling. Square root or logarithmic transformations were
applied to the other variables.

For each neuropsychological test, we performed multiple re-
gression analyses using as independent variables continuous
age and education, and sex. Use of continuous age and educa-
tion exploits the full range of these variables rather than using
arbitrary groups for tests of significance. In a preliminary step,
the interactions of these three predictors were tested by step-
wise regression. Only three of the interactions were statisti-
cally significant (two pertained to the problematic variable Rec-
no). Since it is likely that three results pass the 0.05 p value
threshold by chance when performing 56 tests of significance of
interactions, it was concluded that interactions would not be
included when fitting the norms. The residuals from all regres-
sion analyses had skewness and kurtosis below 1 in absolute
value, except for Rec-no.

To produce norms for subgroups of the population, it is neces-
sary to categorize the continuous variables. Age and education
were dichotomized as described above, and used with sex to create
eight categories. Thus, three pairs of values were created: young
age (mean = 87.2) and old age (mean = 92.7), male and female,
and low education (mean = 11.4) and high education (mean =
16.8). Combinations of the three pairs of values were created as
eight representative hypothetical individuals: 1) low education,
young age, male; 2) low education, young age, female; 3) low
education, old age, male; 4) low education, old age, female; 5) high
education, low age, male; 6) high education, low age, female; 7)
high education, high age, male; 8) high education, high age,
female.

For each neuropsychological test, transformed if necessary, the
regression equation was used to estimate prediction intervals for
the scores of these eight representative hypothetical individuals.
The 10th, 25th, 50th, and 75th percentiles reported in table E-1
were obtained from these prediction intervals. For the trans-
formed variables, their estimated percentiles were subjected to
the inverse transformation to provide percentiles in the scales of
the original distributions. No variable except Rec-no had a ceiling
that affected the reported percentile. All statistical analyses were
done using SPSS version 13.0.

Results. Characteristics of the sample.  Table 1 pre-
sents the demographic data for the high and low education
groups. Within each of the education groups, men and
women did not differ in their age and education. Average
ages did not differ between the low and high education
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Table 1 Demographic variables for total sample

=12 Years of education

>12 Years of education

Men, Women, Total for low Men, Women, Total for high Total sample,
n =16 n =51 education, n = 67 n =50 n="179 education, n = 129 n = 196

Age,y

Mean (SD) 89 (3.9) 89 (2.8) 89 (3.1) 89 (2.8) 90 (3.5) 89 (3.2) 89 (3.2)

Range 85-99 85-97 85-99 85-99 85-101 85-101 85-101
Education, y

Mean (SD) 10.8 (1.8) 11.6 (1.3) 11.4 (1.4) 17.1(1.7) 16.6 (2.3) 16.8 (2.1) 14.9 (3.2)

Range 6-12 5-12 5-12 13-20 13-20 13-20 5-20

groups for men, women, and all subjects. The two educa-
tion groups differed by 5.4 years on average.

Multiple regression analyses results. Table 2 presents,
for each of the neuropsychological tests, the mean and SD
of the whole sample for the original variables, and the
multiple regression results, using transformed variables
when necessary. For 11 out of the 14 neuropsychological
tests, the multiple correlation model consisting of educa-
tion, age, and sex as predictors was significant (see third
column, table 2). Among these significant tests, eight were
significant for education (MMSE, Trial 1, Trial 2, Trial 3,
total Trials 1-3, fluency, praxis, and Trails B), seven for
age (Trial 1, Trial 2, total Trials 1-3, rec-no, Boston, Trails
A and Trails B), and four for sex (MMSE, Trial 1, total
Trials 1-3, and Trails B); for seven tests, education had
the largest B magnitude. In all significant results, lower
age and higher education were associated with better per-
formance. Among the tests with significant results by sex,
women performed better than men, except for Trails B (for
which a positive B describes higher response times and
thus worse performance for women).

Table E-1 presents the estimated percentiles of neuro-
psychological tests for the oldest old by combinations of
education, age, and sex. For example, for men with low
education, 85 thru 89 years old, the estimated performance
at the 10th percentile for the MMSE is 24.5, at the 25th
percentile is 26.2, at the 50th percentile is 27.7, and at the

75th percentile is 28.8. For women with high education, 90
years old and above, the estimated performance at the
10th percentile of the Trails B is 281 seconds, at the 25th
percentile is 228 seconds, at the 50th percentile is 177
seconds, and at the 75th percentile is 131 seconds. It
should be noted that over 90% of the subjects had the
ceiling value of 10 on Rec-no. This violation of the assump-
tion of normality impairs the validity of the tests of signif-
icance in table 2 and the percentiles in table E-1 for this
variable.

Discussion. Neuropsychological tests measured in
the CERAD battery as well as Trail Making tests A
and B are affected differentially by age, sex, and
education. The sample is highly educated with an
average of 15 years of education and many of those
in the lower education group had at least some high
school education. Thus, these performance levels
should be interpreted with caution when applying
them to epidemiologic studies, especially since edu-
cation was clearly the most influencing variable for
the neuropsychological test scores in this very el-
derly sample. However, the mean and SD of educa-
tion for the current sample are essentially identical
to those of 85+ subjects of the National Alzheimer’s
Coordinating Center (NACC; mean = 15.1; SD =

Table 2 Means (SD) and multiple regressions predicting neuropsychological tests from dichotomized age, sex, and education

Neuropsychological test* (range) Mean (SD) R B for age B for sex B for education
MMSE (0-30) 28.0 (1.5) 0.277F -0.12 0.15% 0.237
Trial 1 (0-10) 4.8(1.6) 0.327 -0.20F 0.211 0.207
Trial 2 (0-10) 6.7 (1.5) 0.297 -0.18% 0.08 0.25F
Trial 3 (0-10) 7.4(1.4) 0.21% 0.04 0.11 0.19%
Total Trials 1-3 (0-30) 19.0 (3.8) 0.307 -0.14% 0.16% 0.25F
Delayed recall (0-10) 5.8 (1.7) 0.16 0.03 0.11 0.13
Savings (0-)§ 78.8 (24.4) 0.09 -0.03 0.08 0.03
Rec—yes (0-10) 9.3 (1.3) 0.16 -0.02 0.03 0.16:%
Rec—no (0-10) 9.9 (0.31) 0.24% -0.22F 0.00 0.11
Fluency (0-) 15.1 (4.7) 0.35F -0.10 -0.01 0.347F
Boston (0-15) 13.4 (1.4) 0.21% -0.15% —-0.08 0.12
Praxis (0-11) 9.2 (1.8) 0.287 0.02 -0.03 0.27%
Trails A (0-300 sec) 69.0 (34.8) 0.23% 0.217 0.02 -0.11
Trails B (0-300 sec) 166.7 (73.1) 0.317 0.217 0.15% -0.18%

* Square root transformations were applied to Mini-Mental State Examination (MMSE), Fluency, Praxis, Rec-yes, and Trails B. Logarithmic transforma-
tions were applied to Savings and Trails A.
§ Savings = (Delayed/Trial 3) * 100. Since subjects might recall more words on Delayed Recall than in Trial 3, this measure might exceed 100%.

+p < 0.005; % p < 0.05.
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3.5). NACC entrants are usually recruited from
Memory Clinic clients, so these results may be useful
also in tertiary care clinical settings.

Immediate recall (measured by Trial 1, Trial 2,
Trial 3, and total Trials 1-3) was affected mainly by
education, but also by age and sex, in contrast to
delayed recall and savings. Delayed recall and sav-
ings are associated with subsequent conversion to
AD.'"»1% Thus, these memory measures, which have
been found to be most sensitive in identifying de-
mentia and AD, are unaffected by demographic char-
acteristics in the oldest old. This is consistent with
results found for younger samples, with broader
ranges of age and education.>'”

The lack of an age effect on the Fluency measure
conflicts with some reports indicating age-related de-
cline in verbal production®!® but is in agreement
with others!® including the CERAD report.2 One
study'® had a substantially larger age range, possibly
increasing the opportunity of finding an age effect.
However, other studies,>'® that had a larger age
range than that of the current study, found no age
effect. All studies used exactly the same procedure.
It is possible that Fluency, a strongly language-
oriented measure, behaves differently in different
languages. Accordingly, the older Japanese samples
(above the age of 80) that had similar levels of edu-
cation to our low education sample had a lower
weighted average Fluency score (11.1) than the me-
dian value (12.9) of the representative hypothetical
individual that scored, in most instances, the lowest
scores of the sample in the current study (90 years
and above male with a low level of education). This
may reflect the effects of culture on the performance
of this test. Since the sample of the current study
includes only white oldest old whose primary lan-
guage is English, extrapolation of our findings to
oldest old from different ethnic groups may be
imprecise.

Trail Making tests A and B were included to rein-
force both the psychomotor component of the battery
(Trails A) as well as the executive functions compo-
nent (Trails B). Both parts of the test were age de-
pendent, i.e., the older the subjects, the longer the
time to complete the task. Also, men were faster
than women in both parts of the test. However, only
Trails B was influenced also by education. Recently,
a reduction in the maximum time allowed to perform
the test from 5 minutes to 3 minutes has been sug-
gested in order to limit the frustration of subjects
as well as the costs and total administration time in
large-scale studies. Based on the current study’s re-
sult (where the median estimates of Trails B range
from 150 to 200 seconds), decreasing the time to
finish the test would result in a substantial increase
of a ceiling effect.

Over 90% of the subjects had a ceiling score of 10
for Rec-no. Although the percentiles presented in ta-
ble E-1 are problematic, the rarity of a score of 9 or
below suggests potential impairment.

The estimates for any representative hypothetical

individual (such as young-old male with low educa-
tion) were not based on the subgroup of subjects in
this study with that combination of characteristics.
Instead it was based on the fitted regression model
for a hypothetical subject with that combination of
characteristics. Since the model was estimated using
all 196 subjects, the estimation for subgroups with
smaller sizes, especially men with no more than high
school, were more stable than if estimates for each
group were based only on subjects in that group.
However, a limitation of this procedure is that it
includes only linear effects of age and education.

Our findings suggest that neuropsychological test-
ing is influenced mainly by education and age de-
spite the relatively high education levels of the
sample and the very old and relatively narrow age
range. Cutoff scores based on younger populations
and applied to the oldest old might lead to increased
false-positive misclassifications. The thresholds for
cognitive impairment are consistently lower for the
older age ranges described in this study compared to
the previously published CERAD norms for younger
age ranges. For example, a 90-year-old man with a
high level of education would be still considered un-
impaired with a score of 11 in the Fluency test,
based on the current results (using the 10th percen-
tile), but would be considered impaired based on
norms for highly educated but slightly younger indi-
viduals.? Similarly, an 85-year-old woman with a
high level of education would be considered unim-
paired based on the current results with a score of
55% in the Savings measure (using the 10th percen-
tile) but would be considered impaired by the origi-
nal CERAD norms.?
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