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Abstract

As the incidence of dementia increases, there is a growing need to determine the diagnostic utility of specific
neuropsychological tests in the early diagnosis of Alzheimer’s disease (AD). In this study, the relative utility of
Boston Naming Test (BNT) in the diagnosis of AD was examined and compared to the diagnostic utility of other
neuropsychological measures commonly used in the evaluation of AD. Individuals witim AD806), Mild

Cognitive Impairment (MCIn = 67), and cognitively normal subjecta € 409) with at least 2 annual evaluations

were included. Logistic regression analysis suggested that initial BNT impairment is associated with increased risk
of subsequent AD diagnosis. However, this risk is significantly less than that imparted by measures of delayed recall
impairments. A multivariate Cox proportional hazards regression analysis suggested that BNT impairment imparted
no additional risk for subsequent AD diagnosis after delayed recall impairments were included in the model.
Although BNT impairment occurred in all severity groups, it was ubiquitous only in moderate to severe dementia.
Collectively these results suggest that although BNT impairments become more common as AD progresses, they are
neither necessary for the diagnosis of AD nor particularly useful in identifying early ADNS 2004,10, 504-512.)
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INTRODUCTION 1998; Tierney et al., 1996). In both retrospective and pro-
Th blish f hod vd si spective studies, individuals who later develop AD have
e establishment ofmethods to accurately detect early signg, , o injtia| performances on measures of prepositional

of Alzheimer's disease (AD) has become increasingly Im'naming, verbal memory, and abstract reasoning (Jacobs et al.

portantas techniques for prevention or delay of dementia han995)' delayed recall, verbal fluency, and auditory attention

been soughtand developed. Animal models of dementia highy < v et al. 1994 Nielsen et al. 1999), and verbal reten-
lightadvancementin this arena as scientists work to develo on (Elias et,al. 2600)' Bozoki a,nd colléagues (2001) re-
avaccine againstamyloid deposition, which may preventne Sorted that nor’1demented patients with mild cognitive
ritic plaque buildup (Schenk, 2002). Possible candidates fo pairment in several domains including memory were twice
early diagnostic indicgs'include neuroimaging, genetics an s likely to develop AD over a period of 2-5 years when
neuropsychology (Soininen & Scheltens, 1998). compared to those with only memory impairment. Compar-

Neuropsychological assessment of cognitive functionin sons among verbal fluency measures found category flu-

has been shown to be useful in discriminating individuals . L g
ency to have the highest sensitivity and specificity when
who later develop AD (Albert et al., 2001; Bondi et al., Y v '9 VY pectiicity w

) ) i i sed to discriminate patients with AD from normal control
1994; Jacobs et al., 1995; Petersen et al., 1994; Rubin et a ubjects (Cerhan et al., 2002: Monsch et al., 1992). Simi-

larly, measures of delayed recall, category fluency, and glo-

. . _ bal cognitive status provided high sensitivity (96%) and
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et al., 2002). Across studies, however, the most consiste®®D during the next 12-16 months) from normal controls
predictor of whether an individual will be diagnosed with (Jacobson et al., 2002). In contrast, Jacobs and colleagues
AD is initial performance on verbal memory tests (Albert (1995) reported high positive predictive values (PPV) for
et al., 2001; Bondi et al., 1994, 1999; Collie & Maruff, the 15-item version of the Boston Naming Test (PRV
2000; Rubin et al., 1998; Tierney et al., 1996). 90%), Immediate Recall on the Selective Reminding Test
The presence of word finding difficulties, i.e. anomia, in (PPV = 88%), and WAIS—-R Similarities subtest (PRV
AD is well documented (Bayles & Kaszniak, 1987; Bayles 79%) when used to discriminate subjects who were sub-
et al., 1992; Bowles et al., 1987; Fisher et al., 1999). Defi-sequently diagnosed with AD during a period of up to 4
cits on confrontation naming tasks are reported to occuyears. The diverse findings regarding the utility of confron-
early in the course of dementia (Appell et al., 1982; Kirsh-tation nhaming tasks may be related, in part, to study de-
ner etal., 1984; Williams et al., 1989). Additionally, demen-sign, as those studies with shorter follow-up periods may
tia severity has been reported to correlate strongly andbe less sensitive to cognitive changes and cross-sectional
positively with the degree of anomia (Bayles, 1982; Faberstudies may be confounded by cohort differences. Thus,
Langendoen et al., 1988; Kaszniak et al., 1986; Kirshnethe utility of confrontation naming tasks such as BNT in
et al., 1984). As such, confrontation naming tests, such athe diagnosis of AD remains to be elucidated.
the Boston Naming Test (BNT; Kaplan et al., 1983), are Diagnostic utility refers to the ability of a test to differ-
commonly used to assist in the diagnosis of AD. entiate persons with and without a specific disorder (Ivnik
Despite a strong correlation between increasing demeret al., 2001; Smith et al., 2003). Unlike statistics that rely
tia severity and word finding difficulties, anomia is not con- on null-hypothesis testing to identify the impact of brain
sistently present in patients with AD. Martin et al. (1986) dysfunction on cognitive tests, analyses using diagnostic
identified a subgroup of AD patients who had preservedutility statistics establish a test's ability to make correct
naming ability in the face of other significant cognitive individual predictions (Smith et al., 2003). The diagnostic
deficits. Bayles and Tomoeda (1983) reported naming imvalidity of a test can be reflected in indices such as sensi-
pairments in moderately demented AD patients but did notivity, specificity, hit rate, predictive values and likelihood
find significant deficits in mildly demented AD patients. ratios. For purposes of individual diagnosis these statistics
Aphasia has been documented in 36% of patients with mildan be translated into probability statements for specific
AD but was characterized primarily by an early decline intest scores. These values will vary based on the character-
measures of comprehension and written expression witfstics of the condition of interest (COl).
relatively preserved oral naming (Faber-Langendoen et al., Positive predictive value is the proportion of people
1988). In spite of these findings, many clinicians and re-who actually have a COI within the group predicted by the
searchers still consider naming impairments a requisite defest as having the COI. Negative predictive value (NPV)
icitin AD. is the proportion of people who do not have a COI within
Some researchers (Albert et al., 2001; Elias et al., 2000the group predicted by the test as not having the COI.
Masur et al., 1990; Small et al., 2000; Tierney et al., 1996),These values are dependent on the base rate of the COl in
have not found confrontation naming particularly useful inthe reference population. In settings with high base rates
discriminating individuals at baseline who are sub-for the COI, it may be more difficult to identify conditions
sequently diagnosed with AD. In a prospective longitudi-other than the COI. In those instances, NPV may have
nal study, Albert et al. (2001) followed 165 individuals equal or greater importance than PPV. Once individual test
classified as cognitively normal or questionable AD for ascores have been obtained, likelihood ratios can be used to
period of 3 years. A baseline battery of 17 neuropsycho€alculate predictive values for specific test scores to ex-
logical tests in six different domains of cognitive function press the probability of disease in a patient. Likelihood
was administered including measures of memory, execuratios allow clinicians to express, based on a patient hav-
tive function, language (including the BNT), spatial abil- ing earned a score of on testz, that the patient’s chance
ity, sustained attention, and general intelligence. Resultsf having the COI are increased by (likelihood ratioyof
suggested that neuropsychological measures of memotjmes.
and executive function were most useful in discriminating The goal of the current study is to determine the relative
individuals who converted from a cognitively normal state utility of impairment on the BNT in the diagnosis of AD.
to AD. A retrospective cross-sectional discrimination studyThe diagnostic utility of BNT is examined by using sensi-
reported that patients with AD were best discriminatedtivity and specificity to generate likelihood ratios for score
from normal control subjects by tests of delayed recall ofvalues (see Fletcher et al., 1996, for review). These BNT
figures and stories, while tests of confrontation naming,yalues are compared to likelihood ratios for category flu-
semantic fluency and design recognition were better foency and delayed recall measures, which have been found
staging dementia severity and distinguishing mild or mod-to have high predictive value in previous studies. Addition-
erate AD from severe AD (Locascio et al., 1995). A retro- ally, the utility of these measures in predicting conversion
spective study found that initial BNT and Block Design to AD from either unimpaired or Mild Cognitive Impair-
performances were not useful in differentiating a group ofment (MCI; Petersen et al., 1999) status is assessed. Based
subjects with preclinical AD (i.e., subject who developedon previous research, we hypothesize that measures of de-
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layed memory will have the strongest diagnostic utility wheninitial evaluation (e.g., MCl) may have changed an-

used in the assessment of suspected AD and will be a sigrertedto a different diagnosis (e.g., AD) at subsequent as-
nificant predictor of subsequently being diagnosed with AD.sessments. The diagnosis assigned to each participant at his
Due to the considerable variability found in prior researchor her last evaluation is considered ttr@erion diagnosis
regarding the importance of other cognitive performancesfor this study. The diagnosis at last evaluation is considered
we hypothesize that performance on category fluency anchore reliable because it is based on all available informa-
BNT will have weaker diagnostic utility and, as such, presention such as laboratory results, neuroimaging, medical and

less risk toward a future diagnosis of AD. neurologic examinations, behavioral observations, and neuro-
psychological testing.
METHODS As noted, participants were grouped according to the pres-

ence or absence of an AD diagnosis at their last evaluation.
Since MCI patients do not meet AD diagnostic criteria they
were grouped with the normal controls in the calculation of
Participants in either the Mayo Alzheimer’s Disease Patientliagnostic utility statistics. Some researchers may choose
Registry (ADPR; AG 06786) or the Mayo Alzheimer’s Dis- to suppress MCI patients as neither normal nor AD; how-
ease Research Center (ADRC; AG 16574) were utilized irever, doing so inflates diagnostic utility statistics. To pro-
this analysis. The ADPR recruits research participants fronvide the most conservative assessment of diagnostic utility,
Olmsted County, MN via the Mayo Department of Com- we chose to include MCI patients in the Non-AD group.
munity Internal Medicine. The ADRC recruits participants This study included 306 participants with an AD diagnosis
from the upper Midwest region through the Mayo Sectionat last evaluation and 476 non-AD participants (409 cogni-
of Behavioral Neurology. In either case, patients presentingively normal and 67 MCI). Demographic characteristics of
with a cognitive complaint generated by themselves, theithe AD patients and non-AD are presented in Table 1. The
family or their primary physician are recruited into the ADPR groups did not differ significantly on age or education.
or ADRC as a potential cognitive impairment case. In con-
trast, a “cognitively normal” control group is recruited from
people presenting to their primary doctor in the Mayo De-
partment of Community Internal Medicine. These individ- The Clinical Dementia Rating (CDR; Morris, 1993) and the
uals are independently functioning, community-dwelling Dementia Rating Scale (DRS; Mattis, 1973) were used to
persons who have recently been examined by their personabsess dementia severity. Neuropsychological tests in-
physician and who have no active neurologic or psychiatriccluded the Boston Naming Test (BNT; Kaplan et al., 1983),
disorder with potential to affect cognition (Malec et al., a category fluency task (CF; Lucas et al., 1998), Wechsler
1993). All participants receive behavioral neurology eval-Memory Scale—Revised, Logical Memory subtest (WMS-R;
uations, including mental status testing and extensive med-M; Wechsler, 1987) and the Rey Auditory Verbal Learn-
ical history review. They also receive neuroimaging anding Test (AVLT; Rey, 1964). These measures were included
appropriate laboratory studies. To avoid circularity, neuro-because they have been shown to have diagnostic utility in
psychological data are not used in establishing normalcy gtrevious studies and were routinely in use in the ADPR
initial evaluation. Recruitment for these research projectADRC. All tests were administered by experienced psy-
has been described more extensively elsewhere (Petersehometrists supervised by two ABPP-certified clinical
et al., 1990). neuropsychologists (G.E.S. and R.J.1.). Scores for BNT were
A diagnosis of cognitive impairment or normalcy is as- compared with category fluency and two measures of de-
signed after each evaluation through consensus meetindsyed recall, Rey Auditory Verbal Learning Percent Reten-
that include one or more board-certified behavioral neuroltion (AVLT % Retention) and WMS—R Logical Memory
ogists, one or more board-certified clinical neuropsychol-Percent Retention (LM % Retention) scores. MOANS age-
ogists, nurses, and psychometrists. In this study, a diagnos@ljusted scaled scores (Ivnik et al., 1992; 1996) were used
of probable or possible AD was made in accordance witHor each variable. Therefore, all four variables have a nor-
the National Institute of Neurological and Communicative mative mean of 10 and a standard deviation of 3.
Disorders and Stroke and the Alzheimer’s Disease and Re-
lated Disorders Association (NINCDS—ADSDA) criteria
(McKhann et al., 1984). A diagnosis of MCI was made in
accordance with criteria established by Petersen et al. (1999%ummaries of initial demographic and neuropsychological
ADPR/ADRC participants with other diagnoses (e.g., Lewy characteristics were computed for patients, separately for
body dementia, vascular dementia) were excluded from thi&\D patients and non-AD subjects, as determined by the
study. diagnosis at last follow-up. The summarized means, or per-
Participants in the ADPR and ADRC receive serial neuro-centages, were compared between the two diagnosis groups
psychological evaluations. Only those with at least two evalwith t tests, or chi-square tests.
uations were included in this study. Diagnosis was reassessedIn addition to the mean comparisons of the MOANS age-
at each evaluation. As such, their diagnosis following theircorrected scaled scores for BNT, CF, and delayed recall

Research Participants

Procedure

Statistics
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Table 1. Initial demographic and neuropsychological characteristics for AD patients and non-AD subjects by final

diagnosis
Non-AD subjects AD patients

n M (SD) n M (SD) p
Age 476 79.2 (7.2) 306 77.9 (8.4) ns
Education 476 13.1(3.1) 305 12.7 (3.0) ns
Gender (% Male) 34% 32% ns
No. of evaluations (range: 2—10) 2.8 (1.7) 2.5(1.6)
MMSE 475 28.1 (1.7) 297 23.6 (3.8) <0.0001
CDR 307 0(0.2) 210 0.7 (0.4) <0.0001
DRS 474 134.6 (6.9) 301 117.6 (13.7) <0.0001
LM % RET 421 9.5(3.5) 271 4.4 (3.2) <0.0001
AVLT % RET 440 9.8 (2.8) 287 5.8 (2.3) <0.0001
BNT 473 10.4 (3.0) 301 6.6 (3.4) <0.0001
CF 145 9.5(2.6) 109 5.0 (2.4) <0.0001

Note.MMSE = Mini-Mental Status Exam; DRS Mattis Dementia Rating Scale total scores; LM % REWechsler Memory Scale
— Revised Logical Memory Percent Retention MOANS score; AVLT % REARuditory Verbal Learning Test Percent Retention
MOANS score; BNT= Boston Naming Test MOANS score; GFCategory Fluency MOANS score.

data from initial evaluation, diagnostic cut-points for the RESULTS
several tests were selected and evaluated. The cut scores
were chosen such that the selected value had the maximgroup Descriptive Statistics
diagnostic accuracy (i.e., highest rates of combined sensi-
tivity and specificity). Along with the cut score, a number Traditional means comparisons based on scores at initial
of diagnostic validity indices were reported for each of theevaluation are presented in Table 1. All differences are highly
tests. These included sensitivity, specificity, overall diag-Significant. For each task, AD patients performed more
nostic accuracy or hit rate, likelihood ratios and odds ratiosPoorly than non-AD subjects. As expected, tests of signifi-
Logistic regression was used to obtain estimates of oddgance in this study indicated that each cognitive measure
ratios, and corresponding 95% confidence intervals. Furdiffers, on average, between groups of cognitively normal
ther logistic regression analyses were conducted to con@nd cognitively impaired people. Although the possibility
pare odds ratios among the four diagnostic cutoff scoreseXists that some individuals in the non-AD group had evi-
Because each diagnostic test had been given to each indience of cognitive decline, as a group, their scores at initial
vidual, comparisons were made within individuals. This€valuation were in the average and non-impaired range com-
was achieved by using generalized estimating equations ared to available normative data.
account for repeated measurements within individuals, and
te;ting the null hypothesis that the odds ratios for any tW(biagnostic Validity Statistics
diagnostic cutoff scores were equal.
To further examine the relationship between naming perAnalyses of the MOANS age-corrected scaled scores for
formance and risk of development of AD, a stepwise CoxBNT, CF, and delayed recall data from initial evaluation
proportional hazards regression analysis was completed. Thesing diagnostic validity indices including cut score, sensi-
dependent measure in this analysis was time from initiativity, specificity, overall diagnostic accuracy or hit rate,
evaluation to either AD diagnosis, or last follow-up. Par- and odds ratios are shown in Table 2. Odds ratios associated
ticipants with initial diagnoses of AD or other dementia with the cut scores are also presented along with their cor-
were excluded from this analysis. Since date of “onset” ofresponding 95% confidence intervals. Odds ratios are use-
AD was impossible to calculate, time to conversion in thosdul for assessing the diagnostic validity of a specific test in
progressing to AD was identified as: (last nonconvertedelation to a designated cut score (Smith et al., 2003). The
test datet+ 1) — initial test date. In the stepwise procedure, odds ratio allows one to say that a person who scores at or
alphas to enter and remain in the model were sptat05.  below a scaled score of 7 on the BNT is 8 times more likely
For this analysis cognitive scores were dichotomized intdo be diagnosed with AD than a person who scores above 7.
impairedversusnon-impaired based on the cut scores usedrhe confidence interval reflects sampling uncertainty and
above. Three cognitive variables (BNT, LM and AVLT) allows one to say, with 95% certainty, that the estimate of
were permitted in the preliminary model. CF data was avail+elative risk is between 4.6 and 10.9. The odds ratios for the
able for only 21 converters and 144 nonconverters, signifeut-off scores of the other diagnostic tests are all higher
icantly reduced tha for the analysis. Thus, CF was excluded than that of the BNT. The values from the pairwise tests
from HA modelling. comparing BNT to the other diagnostic exams support that
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Table 2. Diagnostic utility statistics for AD diagnosis at last evaluation

Measure Cut score Sens. Spec. Hit rate PPV NPV Odds ratio 95% ClI
BNT 7 62.8% 82.7% 73% 0.70 0.78 8.0 4.6-10.9
CF 7 83.5% 75.9% 80% 0.72 0.86 154 7.6-27.0
LM % RET 5 76.3% 86.1% 81% 0.78 0.85 19.6 16.9-25.5
AVLT % RET 7 84.3% 79.3% 82% 0.73 0.89 20.4 13.7-28.0

Note.LM % RET = Wechsler Memory Scale — Revised Logical Memory Percent Retention MOANS score; AVLT %-R&ditory
Verbal Learning Test Percent Retention MOANS score; BNBoston Naming Test MOANS score; GFCategory Fluency MOANS

score; Sens= Sensitivity; Spec= Specificity; PPV= Positive Predictive Value; NP¥ Negative Predictive Value; LR Likelihood
Ratio.

BNT is significantly different from AVLT % Retentiong < based on the identified cut scores grouped by increasing
.005) and LM % Retentiong < .004) and marginally sig- dementia severity. Figure 2 displays the percent of AD pa-
nificant when compared to CFp(< .087). Thus, while tients impaired based on the identified cut scores on one or
initial BNT impairment is associated with increased risk of more measures (BNT, LM % Retention aiod AVLT %
subsequent AD diagnosis, this risk is significantly less tharRetention, Category Fluency) at the time of their initial
that imparted by delayed recall impairments. evaluation. A majority of patients were impaired on all three

As explained above, likelihood ratios allow us to calcu-measures at initial evaluation.
late the probability of a person having a COI for specific Next, we examined the characteristics of subjects at their
test scores. Likelihood ratios reflect the probability that ainitial evaluation compared to their last evaluation, shown
person obtaining a given test score has AD versus the prolin Tables 4 and 5. Subjects who were initially grouped as
ability that a person doesn’t have AD (Cerhan et al., 2002non-AD but were subsequently diagnosed with AD were
Ivnik et al., 2000; Sackett et al., 1991). Table 3 displays thdabeled asonverters Preliminary comparison of convert-
likelihood ratios for BNT, category fluency, LM % Reten- ers and nonconverters at initial evaluation reveals no sig-
tion and AVLT % Retention at initial evaluation. One can nificant differences in age or education. As expected given
conclude that the risk of being diagnosed with AD for athe preponderance of initial MCls in the convert group,
person who obtains a MOANS scaled score of 5 on BNT iSCDR scores were highet € —9.4,p < .0001) and DRS
increased 3.9 times over his or her baseline risk of AD. InTotal scores were lower for the convertets{—7.0,p <
contrast, a person with a scaled score of 5 on AVLT %.0001).

Retention has an increased risk of 7.9. Thus, an identical

scaled score on AVLT % Retention is associated with a

higher likelihood that a person will be diagnosed with AD Time to Event Analysis
when compared with BNT.

The relationship between severity of dementia in AD (asTo further examine the relationship between naming per-
defined by CDR) and impaired performance on BNT, cat-formance and risk of development of AD, the time to diag-
egory fluency, LM % retention and AVLT % retention at nosis of AD was examined using Cox proportional hazards
initial evaluation is displayed in Figure 1. This figure dis- regression analyses (Table 6). There were 86 conversion to
plays the percentage of AD patients classified as impaired\D eventsand 472 participants who did not receive a diag-

Table 3. Likelihood ratios (LR) for AD patients and non-AD subjects at initial evaluation on BNT, Category
Fluency, WMS-R Logical Memory % Retention, and AVLT % Retention

LRs

Percentile ranges MOANS scaled score BNT CF LM % RET AVLT % RET
=2 =4 20.6 26.7 8.4 15.0

3-5 5 3.9 35 1.7 7.9

6-10 6 2.3 2.2 0.8 3.8
11-18 7 1.5 1.0 0.5 1.1
19-28 8 0.9 1.0 0.3 0.7
29-40 9 0.8 0.1 0.4 0.1
41-59 10 0.4 0.2 0.2 0.2

>59 >10 <0.4 <0.1 <0.1 <0.1
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Table 4. Comparison of diagnosis at initial evaluation to diagnosis at last evaluation

Diagnosis following initial evaluation

Controls MCI AD Other Total
Diagnosis at last evaluation Controls 409 409
MCI 23 40 1 3 67
AD 26 60 196 24 306
Total 458 100 197 27 782

nosis of AD. These individuals were censored at the time offter accounting for these other two scores. In MCI patients

their last exam in the analysis.

no cognitive impairment variable was significant in the step-

We first examined the relative hazard associated withwise hazards model. In the MCI sample 83% of partici-
initial status (i.e. controvs. MCI). As might be expected, pants were impaired on AVLT, 69% were impaired on LM,
initial MCI status was associated with very elevated riskand 45% were impaired on BNT.
relative to control status (relative risk, RR20.3) for con-
version to dementia. Since initial hazard for the two groups
was not proportional, we performed subsequent stepwisPISCUSSION

multivariate Cox proportional hazards analysis separate foi.
controls and MCI. The results of these analyses are pre
sented in Table 6. Due to missing data on one or more of th
cognitive variables the control group included 400 partici-

pants (including 24 converters) while the MCI group in-

cluded 91 participants (with 55) converters. In controls,

only LM and AVLT entered the stepwise hazards modeling
Impairment on BNT did not impart statistically significant

additional risk after the delayed recall variables had enterea
the model. In practical terms this model suggests that d
layed recall impairments on AVLT and LM each appeared
to increase three to five times the risk to progress to A
diagnosis over a given time interval. The presence or abf
sence of an impaired BNT score imparted no further ris

Percent Impaired

0 0.5 1
CDR Value

OBNT ELM% Ret OCF EAVLT % Ret

28&3

e_

D

k

he primary purpose of the current study was to investigate
he relative utility of impairment on the BNT for establish-

g the diagnosis of AD. For comparison purposes, the util-
ity of BNT was compared to category fluency and two
measures of delayed recall. Additionally, the utility of BNT
in predicting the conversion from either an unimpaired or
‘MCI status to AD was assessed. As expected, traditional
nivariate analysis revealed that AD patients and non-AD
ubjects (as classified at their last evaluation) differed sig-
nificantly from each other at their initial evaluation on each
test, with AD patients performing more poorly than non-AD
subjects on category fluency, BNT and LM and AVLT. These
indings validate the use of traditional significance tests to
document how groups of people with defined conditions
differ from each other. The findings do not, however, vali-
date these measures for use in diagnostic classification (Smith
et al., 2003).

To more directly assess the utility of BNT, category flu-
ency, LM % Retention, and AVLT % Retention in diagnos-
ing AD, diagnostic validity indices were calculated. Odds
ratios for BNT were clearly significant. However, these odds
ratios were also significantly less than the odds ratios for

Naming

o

Delayed Fluency

Recall 0

Fig. 1. Percent of AD patients impaired on BNT, Category Flu- Fig. 2. Percent of AD patients at initial evaluation impaired on
ency, AVLT % Retention, and LM % Retention by CDR at initial BNT, LM % Retention andor AVLT % Retention, and Category

evaluationNote.CDR=0 in participants that were clinically nor-
mal at initial evaluation but converted to AD at last evaluation.
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Table 5. Characteristics of converters and non-converters

Converters Non-converters
(N =86) (N=472) p
Age 79.91 (7.65) 79.25 (7.18) n.s.
Education 13.67 (2.80) 13.13 (3.06) n.s.
Gender (% male) 30% 34% n.s.
MMSE 26.62 (2.25) 28.11 (1.72) p < .0001
CDR 0.36 (0.23) 0.00 (0.16) p < .0001
DRS 127.15 (9.41) 134.61 (6.89) p < .0001
Follow-up interval, days* 813.16 (801.35) 1645.63 (929.14) p < .0001

*For converters, the average interval between initial assessment and subsequent diagnosis of AD is reported. For non-converters, the
average interval between initial assessment to the last available follow-up visit is reported.

delayed recall. Inspection of likelihood ratios suggests thafor each particular test rather than a standard level of im-
at more impaired levels on the BNT, the risk associatechairment (e.g.—2 SD below the mean). This allowed for
with a subsequent diagnosis of AD climbs steeply. Conimaximal sensitivity and specificity for each neuropsycho-
versely, for scores falling above the cutoff, the amount oflogical measure used in the study. Additionally, when the
“protection” conferred is less for BNT than the other outcome variable (e.g., progression to dementia) is time
measures. dependent, use of survival analysis methods is preferred.
At each level of dementia severity, impairments on mea- Survival analysis results corroborate and extend the well-
sures of delayed recall and category fluency were morestablished view that early impairment in delayed recall is
common than BNT impairments. Less than 1 in 5 non-ADpredictive of later development of AD. In some respects
patients had moderate or severe BNT impairments whilehis is tautological. The diagnosis of AD requires the pres-
more than 1 in 5 demented AD patients performed norence of memory impairment. So finding that memory im-
mally on the BNT. No AD patients had exclusive naming pairment is present prior to and imparts risk for the
impairments at initial evaluation. More commonly, pa- subsequent diagnosis of AD should not be surprising. The
tients had either impairments in both delayed recall andjuestion is really are there other early cognitive impair-
naming, or in delayed recall exclusively at their initial ments that impart additional risk for the subsequent diag-
evaluation. These findings are consistent with Bayles andosis of AD. In the present proportional hazards modeling
Tomoeda (1983) and others (Faber-Langendoen et al., 1988&;ith controls, BNT did not impart further risk beyond that
Martin et al., 1986) who found naming impairments to bepresent from the delayed recall variables alone. In MCI
significant in moderate but not mild AD. Thus, it appears patients none of the variables entered the model. The fail-
that BNT impairment is not particularly necessary for de-ure of delayed recall measures to predict conversion in
tecting early AD. this group may reflect the ubiquity of memory impair-
A stepwise multivariate Cox proportional hazards analy-ments in MCI subjects. Note however that BNT impair-
sis was conducted to determine the association of impaiment was also not significant in this model though present
ments on the cognitive variables with time to diagnosis ofin slightly less than half of the MCI group. Verbal fluency
AD. Although previous research (e.g., Jacobs et al., 1995neasures have been found useful in predicting AD in in-
has attempted to characterize the cognitive changes in prelviduals (Cerhan et al., 2002) and may perform better
clinical AD, a group of patients with a formal diagnosis of than BNT in this regard. Unfortunately, the low number of
MCI was not included in that analysis. The current studypeople with CF scores precluded that analysis here.
has the benefit of the inclusion of MCI patients, longer From an economic standpoint, early detection and treat-
average follow-up, and the use of an optimized cut-scorenent of individuals at risk for AD is vitally important. With

Table 6. Cox proportional hazards analysis of time to AD diagnosis

Wald Relative risk
Cohort Impaired score  Step entered  Parametahi-squared p (RR) 95% CI for RR
Controls LM % RET 1 1.58 13.1 .0003 4.8 2.1-11.3
AVLT % RET 2 1.07 5.4 .02 2.9 1.2-7.2

MCI No vari No variables remained in model

Note.Cl = confidence interval.
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the average age of death in the United Stated at 78 yearBayles, K.A., Tomoeda, C.K., & Trosset, M.W. (1992). Relation
and the prevalence of AD increasing exponentially each of linguistic communication abilities of Alzheimer’s patients
decade after 60 years of age, it is estimated that 14 million to stage of diseas@rain and Language42, 454—472.
individuals will have AD by the year 2050 (Katzman & Bondi, M., Monsch, A., Galasko, D., Butters, N., Salmon, D., &
Fox, 1999). Currently, there are approximately 1.7 to 4 mil- Delis, D. (1994). Preclinical cognitive markers of dementia of
L : Lo . the Alzheimer typeNeuropsychology8, 374—384.
t'ongf)elé)p”lerlnzgoeoUStWIt: A[t)irﬁBzogkme)tlerf%;[4%"63898’rBondi, M.W., Salmon, D.P., Galasko, D., Thomas, R.G., & Thal,

y elie " ), a 6.1 es_ ated cost o ’ PEr ) 3 (1999). Neuropsychological function and apolipoprotein E
year per patient. Delaying disease onset would not only

: A . A - genotype in the preclinical detection of Alzheimer’s disease.
improve the patients’ quality of life but also have direct  pgychology of Agingl4, 295-303.

financial benefits for society as a whole. Bowles, N.L., Obler, L.K., & Albert, M.L. (1987). Naming errors
As the fields of neuropsychology and medicine turn in-  in healthy aging and dementia of the Alzheimer tyBertex

creasingly toward early diagnosis and prevention of AD, 23, 519-524.

neuropsychologists need to develop and employ tests to ai8ozoki, A., Giordani, B., Heidebrink, J.L., Berent, S., & Foster,

in clinical decision-making. The use of evidence-based ap- N.L. (2001). Mild cognitive impairments predict dementia in

proaches in neuropsychological decision-making will al- nondemented elderly patients with memory lo&schives of

low us to tailor neuropsychological assessments by choosing Neurology 58, 411-416. o

tests proven to have high diagnostic utility. Additionally, r°°k_mey,er’ R., Gray, S., & Kwas, C. (1998). Projections of Alz-

tests with high diagnostic utility may be combined with .he'mers d|sea§e |n.the United Statgd and the public health

. R . ... impact of delaying disease ons@imerican Journal of Public
other diagnostic indices to improve the assessment of indi- Health, 88, 1337-1342.
viduals at risk for developing dementia. Bondi et al. (1999)cerhan, JH., Ivnik, R.J., Smith, G.E., Tangalos, E.C., Petersen,

reported that measures of delayed recall and Ap&E- R.C., & Boeve, B.F. (2002). Diagnostic utility of letter fluency,
lele status were significant and independent predictors of category fluency, and fluency difference scores in Alzheimer’s
conversion to AD. Combined with neuroimaging markers diseaseClinical Neuropsychologyl6, 35—42.

of early hippocampal atrophy, genetic and neuropsychologCollie, A. & Maruff, P. (2000). The neuropsychology of preclini-
ical data may increase clinicians’ ability to identify individ- ~ cal Alzheimer’s disease and mild cognitive impairmedewuro-

uals at high risk for developing dementia (Soininen & _ Science and Biobehavioral Reviewzsl, 365-374.
Scheltens, 1998). Elias, M.F., Beiser, A., Wolf, P.A., Au, R., White, R.F., &

D’Agostino, R.B. (2000). The preclinical phase of Alzheimer

In conclusion, the current study suggests that confronta- disease: A 22-year prospective study of the Framingham co-

tion naming deficits are neither necessary nor sufficient hort. Archives of Neurology57, 808—813.

f'nd'n.gs for the early dlagn_OSIS of AD. Although naming Faber-Langendoen, K., Morris, J.C., Knesevich, JW., LaBarge,

impairments are common in moderate to severe AD and g willer, J.P., & Berg, L. (1988). Aphasia in senile dementia

impart important functional limitations at any stage, defi- of the Alzheimer typeAnnals of Neurology23, 365-370.

cits on BNT are not particularly useful for early diagnos- Fisher, N.J., Rourke, B.P., & Bieliauskas, L.A. (1999). Neuropsy-

ing or determining future risk for subsequent diagnosis of chological subgroups of patients with Alzheimer’s disease: An

AD. examinations of the first 10 years of CERAD dalaurnal of

Clinical and Experimental Neuropsycholqod@l, 488-518.

Fletcher, R.H., Fletcher, S.W., & Wagner, E.H. (1996). Diagnosis.
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