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Abstract

The Consortium to Establish a Registry for Alzheimer’s Disease (CERAD) neuropsychological battery was
developed to evaluate cognitive impairments associated with Alzheimer’s disease (AD). Previous studies have
suggested that the battery is multi-dimensional, represented by either 3 or 5 dimensions. In this study a principal
factor analysis was conducted using contemporary quantitative methods for determining the number of factors.
Exploratory factor analysis of the CERAD battery and MMSE was conducted using one-half of the CERAD
database (totall = 969). Glorfeld’s modification of Horn’s parallel analysis method suggested that there was 1
common factor in the variable matrix. Characterization of patterns of deficits in AD requires supplementation of
measures derived from the CERAD and MMSE with other tegitNg 2004,10, 559-565.)
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INTRODUCTION 1993; Welsh et al., 1991; 1992). There are now more than
100 published studies of clinically normal individuals or

persons with dementia in which the CERAD NP is used to
T . . characterize neuropsychological function, as well as stud-
dardization of a brief neuropsychological battery (CERADieS of other patient groups, such as schizophrenia (McGurk

NP) for use in the.dia.gnosis of Alz_heimer’s d?;eage (Ap)et al., 2000), depression (Paradiso et al., 1997), and anxiety
and the characterization of severity of cognitive 'mpa'r'(Xavier et al., 2001)

ment (Morris et al., 1993; Welsh-Bohmer & Mohs, 1997).
The basic battery consists of six measures in addition to thgspects of cognitive performance considered to be rela-
gg;MeEtT tStIate Exammatlor(;_f(_MdMBSE,t Fo'ﬁte”? et_l_al"t_tively independent by the developers: language, memory,
5 ): (b) ofa score on a moditie osbo?ﬂ am|ngt; ?_S ‘and praxis (Morris et al., 1989). In support of this concept,
(2) number of unique responses on a verbal fluency test, ( orris et al. (1989) reported an analysis of the covariation

accuracy of d(_asign copy (constr.uctionall praxis); anq threeamong the measures generally approximating these do-
measures derived from a word-list learning test, (4) MM ains. However, that analysis is difficult to interpret be-

d|alte recall; (5) .delaye_d. recall; and (6) recognition Memo-., se the method of factor extraction, criteria for determining
ry.* The battery is sensitive to early-stage dementia, rellabl‘tahe number of factors, and rotation were not specified. There

;)_ver a 1-mon|t:h”pegod, ancil S(lanszlg\(l)ez.toMchqngetoxeri%ré%%ppears to be only one other evaluation of the constructs
ime spans (Fillenbaum et al., » viorns et al., ‘represented in the CERAD NP. Collie et al. (1999) studied
healthy older adults and analyzed subsets of items. They
Reprint requests to: Milton E. Strauss, Ph.D., University Memory andreDorte‘j that five prmmpgl component; with Eigenvalues
Aging Center, 12200 Fairhill Road, Cleveland, OH 44120. E-mail: greater than 1.0, accounting for approximately 63% of the
milton.strauss@cwru.edu _ total variance, appeared to best represent the CERAD battery.
1The Trail Making Test was added later in the course of the CERAD he diff b he findi fth d
project but was not available for most subjects and so was not included in The differences between the findings of these two stud-

this study. ies may reflect sample differences, the measures included
559

An important contribution of the Consortium to Establish a
Registry for Alzheimer’s Disease (CERAD) was the stan-

The CERAD NP battery was proposed as assessing three
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in the analysis, and, perhaps, factor extraction methods. Multiple measures were derived from single tests in both
Morris et al. (1989) treated the MMSE as a single measurestudies, which confounds method and trait (construct) vari-
while Collie et al. (1999) represented the MMSE in five ance (Campbell & Fiske, 1959). Thus, a large verbal mem-
constituent components (attention, language, orientation, rery factor would be expected when several (3 for Morris
call, and registration). Morris et al. (1989) included threeet al., 1989, and 6 for Collie et al., 1999) indices from one
memory measures from the list-learning task (memory ovetest are included in a single analysis. The separation of
three trials, delayed recall, and an adjusted correct recognimethod from construct variance requires that there be mul-
tion score), while Collie et al. (1999) included six; three tiple indicators from independent measurements as converg-
immediate memory trials, recall, recognition hits, and rec-ing operations (Garner et al., 1956); without these, method
ognition correct rejections. factors are highly likely (Strauss et al., 2000).

Specific differences aside, both studies appear to suggest The purpose of the present study was to identify the la-
thatthe CERAD NP is a multidimensional test battery. How-tent trait structure of the CERAD NP battery in the consor-
ever, such a conclusion may be premature because of #im’s database of over 900 patients. The overarching
least three aspects of the methods and procedures in thelsgpothesis was that shared variance in the battery would be
two studies. accounted for by a single factor. As a brief battery, the

A purpose of both of these studies was the identificationCERAD does not contain multiple indicators of constructs,
of the psychological constructs represented in the CERAIand so constructs are likely to be under-specified (Bollen,
NP. Collie et al. (1999) used principal components analysid 989). Additionally, multiple factors are not invariable in
(PCA) to achieve this and we assume this for Morris et algroups with generalized impairment, such as in dementia,
(1989) too, because of the widespread popularity of PCAeven when several indicators of presumably distinct con-
(Floyd & Widaman, 1995). However, principal compo- structs (e.g., memory, visual—spatial ability, executive func-
nents do not represent the latent variables (constructs) umions) are included in the assessment (Strauss & Summerfelt,
derlying relations among a set of measures in a sample002).

Principal components analysis is a data reduction method, a

mathematical simplification of a correlatigcovariance ma-

trix. It does not differentiate between reliable variance andIETHODS

error variance, or between variance shared by two or more

tests (common variance) and reliable variance unique t
each measure (specific variance, see Rummel, 1970).

Contemporary methodologists recommend the use of exrhe data in this study were derived from the CD of the
ploratory factor analysis (EFA) to identify the dimensions yaiapase developed by the Consortium to Establish a Reg-
underlying the covariation in a set of measures (Floyd &isiry for Alzheimer’s Disease (Morris et al., 1989). The
Widaman, 1995; Gorsuch, 1983; Tabachnik & Fidell, 1996),4atabase includes standardized neuropsychological test re-
especially when the number of variables is small and comgits for participants with AD and normal controls at 20
munalities are not uniformly high (Gorsuch, 1983). Explor- giferent sites across the United States. Data include entry
atory factor analysis considers only reliable variance, and;sjis and such annual follow-up visits as were completed.
factor loadings are gshmated from only the variance _sh_arepkor this study, we drew all participants who met NINCDS—
by at Iea_st two vf':lrlables. Exploratory factor analysis is anpRDA criteria (McKhann et al., 1984) for probable or
latent trait analysis, and so EFA loadings may be thought of,5ssible AD at entry into the registry, had Clinical Demen-
as regression weights that predict observed scores from thg, Rating (CDR; Hughes et al., 1982) scores ofril) or

estimated latent constructs (Floyd & Widama}n, 1995). 2 (moderatg, and neuropsychological data at the initial
A second matter in the analysis of correlation or covari-yisit This resulted in a sample size of 969 persons.

ance structures is the number of factors to be retained for ro-

tation. Two widely used criteria are the number of Eigenvalues

greater than 1 and the scree test, which retains the number gieasures

factors prior to a “bend” in the plot of Eigenvalues against

factor number. Recent studies using Monte Carlo simulaThe CERAD NP (Morris et al., 1993) battery consists of
tions and more quantitative methods of determining the numthe following tests: (1) Modified Boston Naming Test, which
ber of factors in a matrix indicate that the Eigenvalue criteriormeasures Confrontation Naming (range of scores: 0-15);
is much too liberal, leading to overestimation of the number(2) Verbal Fluency, which measures verbal production abil-
of valid factors. Scree is fairly accurate, though less so thaity, semantic memory, and language (range of scores: zero—
more quantitative methods, perhaps because of the inherehigh); (3) Word List Memory, a test of verbal memory (range
subjectivity of visual inspection judgments (Zwick & Veli- of scores 0—30); (4) Constructional Praxis, which measures
cer, 1986). The factor extraction method and factor retentiowisuospatial ability (range of scores 0-11); (5) Word List
criteriais likely to have led to an overestimation of the num-Recall, which measures delayed verbal memory (range of
ber of dimensions described for the CERAD battery by Mor-scores: 0—10); and (6) Word List Recognition, which also
ris et al. (1989) and Collie et al. (1999). measures delayed verbal memory (range of scores: 0-20).

Research Participants
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The Mini-Mental State Exam (MMSE, Folstein et al., tension, or major depression or psychiatric illness. The
1975) was also administered. Following the approach oflemographic and clinical characteristics of the participants
Collie and associates (1999) the MMSE was scored as fiven the derivation and validation samples are summarized in
subscales: (1PDrientation consisting of questions about Table 1. The mean age of subjects at entry was 72.8 years
the year, season, date, day, month, state, county, town, ho§&SD = 8.0); mean education was 12.5 yea&D(= 1.6);
pital, and floor; (2)Registration requiring the subject to 58.9% were female; 81.5% were White and 18.5% were
repeat the names of three objects; f)ention spelling  minorities (mostly African American). According to Clini-
“world” backwards; (4)Recall consisting of memory for cal Dementia Rating (CDR) Scale staging (Hughes et al.,
three objects presented earlier in the test; and@Bpguag¢g  1982), 57.6% had mild dementia (CBR1) and 42.4% had
Praxis consisting of naming two objects, repeating a phrasenoderate dementia (CDR 2). The participants in the two
spoken by the examiner, following a three-stage commandsamples did not differ for the demographic and clinical vari-
reading and obeying a command, writing a sentence, andbles summarized in Table pg > .20).
copying a simple geometric design. Jones and Gallo’s (2000)
factor analysis of the MMSE in a large community sample .
supports this segregation of items, first suggested by FolNeuropsychological Test Performance

stein et al. (1975). The performances of each group on each of the CERAD NP

variables considered for analysis are summarized in Table 2.

Methods of Analysis CERAD NP batteries were unavailable for 2 subjects and
. i . between 2 and 10 other subjects were missing at least one
The CERAD sample was randomly divided into a deriva-oq score. Consequently, the factor analyses were based on

tion sample N = 500) and a validation samplél= 469) of 1,0 475 of 500 subjects in the derivation sample with com-
cases, using only subjects for whom there were complet lete NP data. The cross-validation was conducted using
demographic data on the first visit. Since correlations are e 438 remaining complete records.

function of score distributions, the frequency distributions A number of the variables had skewed distributions. as

of all measures werﬁ first examinfe? for skewnesg. in th suggested by scoreis2 standard deviations from the mean
we determ_lned_t € numbe’r of tactors t?_ ret_am in t ebeing outside of the permissible range. Three measures had
factor analysis using Glorfeld’s (1995) modification of the extremely skewed distributions. Eighty percent of the sam-

Horn (1965) parallel ana_tlysis model. One-hundred sampl_eBIe had perfect scores on MMSE Registration; 71% had
of random number matrices were generated, each of whic cores of zero for MMSE Recall: and 61.6% had scores of

consisted oN cases and variables, wherél andk are the ;o 5y delayed recall for the list learning task. Because of

_number O,f subjects in a sample and th? number _Of FeStﬁ\ese extreme distributions, these measures were not in-
included in the actual data set, respectively. A prmmpalCluded in subsequent analyses. As shown in Table 2, the

component; analy3|§ was computeq for each random NUNores of the validation sample did not differ from those in
ber correlation matrix. Since the simulated data are raNgha derivation samplegs > .14)

dom, the Eigenvalues reflect chance associations. The

number of factors retained in the factor analysis was the

number for which the Eigenvalues in the CERAD NP analy-

sis exceeded the 95th percentile of the random EigenvaluEab'e 1. Demographic and clinical characteristics of
distribution. All analyses were conducted using SPSS 10.Participants in the derivation and validation samples
using syntax by O’Connor (2000).

Derivation  Validation

sample sample
RESULTS Variable (N=500) (N=469)
Mean age $D) 72.87 (8.20) 72.63(7.85)
Characteristics of Participants Mean education$D) 12.69 (6.71) 12.29 (5.44)
. o . . . Percent female 57.8 (289) 60.1 (282
All subjects met criteria established by the National InSt"Ethnicity ") (289) (282)
tute on Neurological and Communicative Disorders and the percent white i) 80.0 (400) 83.2 (390)
Alzheimer’s Disease and Related Disorders Association percent minority ) 20.0 (100) 16.8 (79)

(NINCDS-ADRDA; McKhann et al., 1984) for the diagno- Diagnosis

sis of probable (90.5%) or possible AD (9.5%). As a part of Percent with “probable” ADN) 90.2 (451) 90.8 (426)
their comprehensive CERAD evaluation, they received a Percent with “possible” AD ) 9.8 (49) 9.2 (43)
medical examination, neuropsychological testing, func-CDR

tional screening (Blessed Dementia Rating Scale), and lab- Percent with “mild” AD (N) 58.2 (291) 56.9 (267)
oratory and neurological examinations. Many subjects had Percent with “moderate” ADN)  41.8 (209) 43.1 (202)
CT or MRI scans of the brain. To be eligible for CERAD, Mean Blessed ADL&D) 453 (2.42) 4.50(231)
subjects had to be free of major co-morbid medical prObNote. pvalues are derived fromtests (homogenous variances) and chi-
lems, such as cancer, cardiac or respiratory disease, hypetuare tests, as appropriate.
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Table 2. Neuropsychological test performance of participants in the derivation and
validation samples

Derivation sample Validation sample

Variable M SD N M SD N value
MMSE

Orientation 5.10 2.50 493 4.93 2.57 461 .29

Attention 3.01 1.87 496 2.89 1.90 465 .31

Registration 2.70 0.66 496 2.65 0.72 465 .28

Recall 0.40 0.70 496 0.41 0.73 465 .87

Language 6.08 171 490 5.91 1.76 464 14

Praxis 0.38 0.49 494 0.40 0.49 466 43
Naming 10.25 3.47 498 10.57 3.54 469 .16
Fluency 7.52 3.99 498 7.46 4.26 468 .84
Praxis 6.92 2.79 495 6.84 2.84 462 .69
List learning

Immediate recall 7.54 4.41 494 7.29 4.58 465 .39

Delayed recall 0.73 1.26 490 0.68 1.20 463 .46

Recognition 13.90 3.60 488 13.74 3.68 456 51

Note. pvalues are derived fromtests.

Factor Analysis factor accounts for from one-third to over one-half of the
Derivati | reliable variance in each of the other variables.
erivation sampie Principal components analyses of 100 random data sets

Based on the evaluation of the score distributions the folwere computed for the validation sample, as well. Eigen-
lowing variables were included in the factor analysis: Ori-values at the 95th percentile were 1.253 and 1.142 for the
entation, Attention, and Languageraxis from the MMSE, first two components. As was found in the derivation sam-
and Total Naming, Verbal Fluency, Constructional Praxis,ple, only one factor had an Eigenvalue greater than 1.0.
and a composite Verbal Memory measure, from the CERADThis Eigenvalue was 3.689; that for the second factor was
The composite consisted of the average standardized imme371. These values are similar to those in the derivation
diate memory and standardized recognition score on theample. The factor loadings and communalities of the seven
CERAD list-learning task. This composite was used in-measures are presented in the last two columns of Table 3.
stead of each component in order to avoid a test-specifitnspection suggests substantial similarity in the loading pat-
factor. The two measures correlated withras .41, N = terns. Excellent replication of the solution is suggested by
475,p < .001. the coefficient of congruence between these two factors,
The seven retained CERAD NP scores were subjected tahich is .998. The coefficient of congruence is an estimate
principal factor analysis of the correlation matrix, which of the correlation between the factor scores (Gorsuch, 1983).
standardized all measures to a common metric. Communal- The common factor accounts for 41-45% of the reliable
ities were estimated by squared multiple correlations. Thevariance in the two samples. As Kaufman (1990) describes,
first factor had an Eigenvalue of 3.471 and the value of the
second WQS -995. The 95th percentile of the dlsmbu.tlon Oéable 3. Factor structure of CERAD NP measures in derivation
random Eigenvalues were 1.229 and 1.146, for the first and 4 validation samples
second factors respectively. By both the parallel analysis
criterion and the more liberal Eigenvalue greater than 1.0 Derivation sample Validation sample
criterion, only one factor was necessary to represent the
constructs underlying the shared variance among thesgest

Factor Factor
loading Communalityloading Communality

measures.

The factor loadings and communalities in the derivationOrientation .60 -36 60 36
sample are presented in the first two columns of Table 3Attention .71 21 -66 A4
The communality is the proportion of variance shared by arF@nguaggpraxis .75 56 14 95
observed score and an underlying construct, which in th%lir:r']r;g '2:; 'ig '32 'gg
case of a one-factor solution is the squared factor Ioadingpraxis y :48 :24 :56 :31
As may be_seen in the tablt_a, each of _the NP measures, W'Wemory 65 42 68 46
the exception of constructional praxis, has good loadingsy variance 41.53 45.02

on this factor. As the communality estimates indicate, the
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Table 4. Estimates of specific reliable variance in CERAD NP measures

Measure
Variance Orientation Language Naming Fluency Praxis Memory
Reliable variance .72 .64 77 .60 .64 .58
Common variance .36 .56 .37 .46 .24 A2
Specific variance .36 .08 .40 .14 .40 .16
Error variance .28 .36 .23 .40 .36 42

Note Reliability coefficients (coefficient alpha) were based on CERAD data with the exception of
Naming, which was computed from 250 cases in the University Memory and Aging Center. Attention is
omitted since reliability could not be estimated. See text for further explanation.

reliable variance consists of common variance, which is Table 4 displays the estimated variance components of
indicated by squared factor loading of a measure, and spehe CERAD measures other than MMSE Attention, for which
cific variance. The latter reflects constructs or traits that areeliability could not be estimated. Comparing the specific
not shared with other measures in a test battery. Specificariance of a variable to its error variance can serve to
variance may be estimated by the difference between thevaluate the extent to which other constructs might be tapped
communality and the reliability of the test. We estimatedby the test (Kaufman, 1990). The orientation measure from
reliability using Chronbach'’s alpha for each variable in thethe MMSE, naming, and praxis each have substantial spe-
analysis except MMSE attention, since it is a single itemcific variance, larger in each case than the error variance for
measure. Reliability was estimated in somewhat differenthe measure, suggesting that each assesses a construct in
ways for these measures. Coefficient alpha was estimateaddition to general dementia severity. Indeed, the specific
across items for Orientation and Language. The total scoreariance of the praxis score is greater than the variance
for verbal fluency is the sum of the number of responses irassociated with the general severity factor. This test had the
three successive 15-s intervals. We estimated coefficiedbwest factor loading of the six scores. When the praxis
alpha based on these three intervals. The reliability of Memitem from the MMSE languagg@raxis score was included
ory was estimated from the two components of this scoreas a separate variable, a second factor did emerge in the
The CERAD database provided only the total score for Namanalysis (Table 5). The first factor accounts for 30—-32% of
ing and so reliability was estimated in a sample of 250the reliable variance, while the second factor, defined mainly
probable and possible AD cases in our local database. lhy the two praxis measures, accounts for an additional 19%
our database we record the number of correct responses fof reliable variance in the system.

high-frequency, medium-frequency, and low-frequency To evaluate the interpretation of the factor as a severity
words separately. We estimated coefficient alpha on the bandex, we computed a factor score for each subject. The
sis of these three sub-scores. The reliability coefficientsvariables were first standardized asscores and then
(Table 4) are moderate (.58) to good (.72), particularly consummed, using both factor scores and unit weighting. As
sidering the brevity of each measure. would be expected for a severity index, there was a substan-
tial difference between the standardized factor score for
CDR mild casesN = 536,M + SD= .36+ .74 and .31t

.55, for factor and for unit weighted scores, respectively)
and the CDR moderate casé$£ 377,M = SD= —.52+
Derivation sample Validation sample -90 and—.36+ .67, for factor and for unit weighted scores,
respectivelyts > 15, ps < .001). Since the distinction be-
tween probable and possible AD is based on an etiological
Test I Il | Il hypothesis rather than severity of impairment, a difference
between groups for either method of computing a differ-

Table 5. Principal factor analysis loadings with two praxis tests

Factor Factor

Orientation .63 12 .62 13
( 2

Attention 52 51 51 43 €nce score was not expectéd frerence < -08,ts < 1).
Language .61 .32 .63 .26
Naming .59 .19 .63 .27
Fluency .65 21 71 23 DISCUSSION
Praxis .16 .82 .26 .82 . . .
Memory 7n 11 71 16 The replicated results of principal factor analysis of the
MMSE Praxis 16 61 16 63 CERAD measures that were suitable for factoring suggests
% variance 29.6 19.0 31.9 18.6

2A factor analysis computed using only probable AD cases produced
Note.ltalicized indicates most salient loadings on each factor. comparable results to the factor analysis reported here.

https://doi.org/10.1017/51355617704104098 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617704104098

564 M.E. Strauss and T. Fritsch

that one latent variable of dementia severity accounts fOREFERENCES

the shared variance among them and that the components of

the CERAD battery, in conjunction with the MMSE, should Bollen, K.A. (1989).Structural equations with latent variables
not themselves be used to evaluate potential patterns of New York: Wiley.

deficits within AD. The specific reliable variance of three Campbell, D.T. & Fiske, D.W. (1959). Convergent and discrimi-
measures, the language subscale of the MMSE, the CERAD nant validation by the multitrait-multimethod matriRsycho-

. - _ logical Bulletin, 56, 81-105.
fluency and CERAD memory composite scores, is SUbStanCoIIie, A., Shafig-Antonacci, R., Maruff, P., Tyler, P., & Currie, J.

tially smaller than the error variance of each, which sug- (1999). Norms and the effects of demographic variables on a
gests th_at the_se MEeasures assess only_the overall severity Ofneuropsychological battery for use in healthy ageing Austra-
dementia. Orientation, naming and praxis, on the other hand, jian populationsAustralian and New Zealand Journal of Psy-
have sufficient specific variance in relationship to error vari-  chjatry, 33, 568-575.

ance to suggest that these may be measuring other coRilenbaum, G.G., Unverzagt, F.W., Ganguli, M., Welsh-Bohmer,
structs. However, the specification of such additional K.A., & Heyman, A. (2002). The CERAD Neuropsychological
constructs requires additional measures (Tabachnick & Fi- Battery: Performance of representative community and ter-
dell, 1996), as the analysis including an additional praxis tiary care samples of African-American and European-American
measure demonstrated. Lowenstein et al.’s (2001) analysis elderly. In F.R. Ferraro (Ed.Minority and cross-cultural as-

of the more extensive NINCDS—ADRDA neuropsycholog- ~ PECts of neuropsychological assessmgi. 45-77). Lisse,

. . . NL: Swets & Zeitlinger.
ical battery also found a multifactorial structure when mul Fisher, N.J., Rourke, B.P., & Bieliauskas, L.A. (1999). Neuropsy-

tiple indicators of constructs were evaluated. Th.'.s suggests chological subgroups of patients with Alzheimer’s disease: An
thatthe CERA_D battery be S.,upplement.ed by add|.t|onal ME2a- oy amination of the first 10 years of CERAD dafaurnal of
sures of naming and praxis when this battery is used do cjinjcal and Experimental Neuropsycholqdi, 488-518.
describe qualitative features of cognition in AD. Floyd, F. & Widaman, K. (1995). Factor analysis in the develop-
Fisher etal. (1999) reported that there were three clusters ment and refinement of clinical assessment instrumdtsg:
or subtypes of AD patient as assessed by CERAD tests. In- chological Assessmer, 286—299.
terestingly, memory scores did not differentiate among thesg&olstein, M.F., Folstein, S.E., & McHugh, P.R. (1975). ‘Mini-
types. The effective discriminators were naming, praxis, and Mental State: A practical method for grading the cognitive
verbal fluency. The first two of these were also found likely ~ State of patients for the cliniciadournal of Psychiatric Re-
to have reasonable specific-construct variance in this factor S€arch 12, 189-198. _ o
analysis. This was not the case for verbal fluency, but thisGam%r’t\;]V'R" Hake’tH';N" & E”Fsi_p’ Ck\uNl (1956;).R0p§razgmsm
test was the weakest discriminator among patient subgroups i29_15eg concept of percepliofrsychological REviewos,

inFisheretal.’s (1999) report. One implication of these a”aly'Glorfeld, L.W. (1995). An improvement on Horn's parallel analy-
ses, taken together is that supplementary measures of con- gis methodology for selecting the correct number of factors to
frontation naming and praxis used in conjunction with the  retain. Educational and Psychological MeasuremeBs,
CERAD tests might be an efficient clinical research ap- 377-393.
proach to making clearer discriminations among subgroupsGorsuch, R.L. (1983)Factor analysis(2nd ed.). Hillsdale, NJ:

The results of the present analyses were influenced by a Erlbaum.
number of decisions about data reduction. We elected to ugdorn, J.L. (1965). Arationale and test for the number of factors in
MMSE subscales to avoid the loading of a MMSE total @ factor analysisPsychometrika30, 179-185. .
score on multiple factors, should such have emerged. Fish&lughes, C.P., Berg, L., Danziger, W., Coben, L.A., & Martin, R.L.
et al. (1999) did not include the MMSE in their cluster ~ (1982)- Anew clinical scale for the staging of demenBat-

. . ish Journal of Psychiatryl40, 566-572.

analysis. Several CERAD and MM.SE.varllabIes W.ere ?X_Jones, R.N. & Gallo, J.J. (2000). Dimensions of the Mini-Mental
cluded becaqse of highly skewed .dlstrlbutlons., Wh'ch VIO~ state Examination among community dwelling older adults.
late assumptions of factor analysis (Tabachnick & Fidell, pgychological Medicing3o, 605-618.
1996). The results might have differed some had other crixaufman, A. (1990)Assessing adolescent and adult intelligence
teria for retaining variables been used. The approach in this Boston: Allyn & Bacon.
study minimizes the influence of method variance in theLowenstein, D.A., Ownby, R., Schram, L., Acevedo, A., Rubert,
factor analysis on the NP battery and the results are strongly M., & Argtielles, T. (2001). An evaluation of the NINCDS-
consistent with the hypothesis that a single construct is mea- ADRDA neuropsychological criteria for the assessment of Alz-
sured by the set of instruments. More differentiated assess- Neimer’s disease: Aconfirmatory factor analysis of single versus
ment of cognitive functions in Alzheimer’s disease would multi-factor models.Journal of Clinical and Experimental

: : Neuropsychology23, 274-284.
seem to require supplementary testing. McGurk, S.R., Moriarity, P.J., Harvey, P.D., Parrella, M., White,

L., & Davis, K.L. (2000). The longitudinal relationship of clin-
ACKNOWLEDGMENTS ical symptoms, cognitive functioning, and adaptive life in ge-
riatric schizophreniaSchizophrenia Research?, 47-55.
This research was supported in part by NIA Grant P50 AG08012McKhann, G., Drachman, D., Folstein, M., Katzman, R., Price,
to Karl Herrup, Ph.D. We thank Jason Brandt, Marian Patterson, D., & Stadlan, E.M. (1984). Clinical diagnosis of Alzheimer’s
and Eric Youngstrom for helpful comments on this paper. disease: Report of the NINCDS-ADRDA Work Group under

https://doi.org/10.1017/51355617704104098 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617704104098

CERAD factors 565

the auspices of the Department of Health and Human Services tal psychopathology: Essays in honor of Brendan A. Maher

Task Force on Alzheimer’s disead¢eurology 34, 939-944. (pp. 119-134). Washington, DC: American Psychological
Morris, J.C., Edland, S., Clark, C., Galasko, D., Koss, E., Mohs, Association.

R., van Belle, G., Fillenbaum, G., & Heyman, A. (1993). The Strauss, M.E., Thompson, P.T., Adams, N.L., Redline, S., &

Consortium to Establish a Registry for Alzheimer’s Disease Burandt, C. (2000). Evaluation of a model of attention with

(CERAD). confirmatory factor analysisNeuropsychologyl4, 201-208.
Part IV. Ratings of cognitive change in the longitudinal as- Tabachnick, B.G. & Fidell, L.S. (1996)sing multivariate statis-
sessment of probable Alzheimer’s diseabiurology 43, tics (3rd ed.). Boston: Allyn & Bacon.

2457-2465. Welsh, K.A., Butters, N., Hughes, J., Mohs, R., & Heyman, A.

Morris, J.C., Heyman, A., Mohs, R.C., Hughes, J.P., van Belle, G., (1991). Detection of abnormal memory in mild cases of Alz-
Fillenbaum, G., Mellits, E.D., & Clark, C. (1989). The Con- heimer’s disease using CERAD neuropsychological measures.
sortium to Establish a Registry for Alzheimer’s Disease  Archives of Neurology8, 278-281.

(CERAD). Part I. Clinical and neuropsychological assessmeniVelsh, K.A., Butters, N., Hughes, J., Mohs, R., & Heyman, A.
of Alzheimer’s diseaseNeurology 39, 1159-1165. (1992). Detection and staging of dementia in Alzheimer’s dis-

O’Connor, B.P. (2000). SPSS and SAS programs for determining ease: Use of the neuropsychological measures developed for
the number of components using parallel analysis and Veli- the Consortium to Establish a Registry for Alzheimer’s Dis-
cer's MAP test.Behavior Research Methods, Instruments &  ease (CERAD)Archives of Neurology49, 448—452.
Computers32, 396—-402. Welsh-Bohmer, K. & Mohs, R.C. (1997). Neuropsychological as-

Paradiso, S., Lamberty, G.J., Garvey, M.J.,, & Robinson, R.G. sessment of Alzheimer’s diseasdeurology 49(Suppl. 3),
(1997). Cognitive impairment in the euthymic phase of chronic  S11-S13.
unipolar depressionlournal of Nervous and Mental Disease Xavier, F.M., Ferraz, M.P., Trenti, C.M., Argimon, |., Bertolucci,

185, 748-754. P.H., Poyares, D., & Moriguchi, E.H. (2001). Generalized anx-
Rummel, R.J. (1970Applied factor analysisEvanston, IL: North- iety disorder in a population aged 80 years and olRewisita
western University Press. de Saude PubliceB5, 294-302.

Strauss, M.E. & Summerfelt, A. (2002). The neuropsychologicalZwick, W.R. & Velicer, W.F. (1986). Comparisons of five rules for
study of schizophrenia: A methodological perspective. In M.F.  determining the number of components to ret&sychologi-
Lenzenweger & J.M. Hooley (EdsPrinciples of experimen- cal Bulletin, 99, 432—-442.

https://doi.org/10.1017/51355617704104098 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617704104098

