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Abstract

The Hopkins Verbal Learning Test (HVLT) and the Mini-Mental State Examination (MMSE) were
administered to 323 non-demented elderly and 70 individuals who meet DSM-IV criteria for dementia
in order to compare the validity of these two measures for detecting mild dementia and for the two
most common dementia subtypes, Alzheimer’s disease (AD) and vascular dementia (VaD). The study
was conducted in an elderly, ethnically diverse community-dwelling population. Sensitivity, specificity,
positive and negative predictive values were calculated over a range of clinically relevant cut scores
for each test. We analyzed the influence of age, education, reading ability and sex on test performance
using logistic regression models.

When sensitivity is held constant at 0.69, the specificity for the HVLT total recall was 0.89 and the
MMSE 0.82 for all dementias (P = .10). Age, sex and education did not significantly influence test per-
formance for either test in this sample. Results were similar for AD and VaD. However, while adding a
measure of reading ability to the regression models did not affect the overall dementia model, it resulted
in improved specificities when combined with the MMSE for AD and combined with the HVLT for VaD.
Additional tests such as reading ability can improve discrimination of dementia subtypes. The modest
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sensitivity of either the HVLT or the MMSE alone suggests that further neuropsychological evaluation
is required to confirm dementia diagnosis.
© 2002 National Academy of Neuropsychology. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Since memory impairment is the hallmark of dementia and frequently the first symptom
(American Psychiatric Association, 1997), accurate testing for memory deficits is an essen-
tial part of detecting early dementia. Unfortunately, the diagnosis of dementia of all types
and Alzheimer’s disease (AD) in particular, is frequently delayed or missed in primary care
settings (Callahan, Hendrie, & Tierney, 1995; Liston, 1978). Patients’ cognitive complaints
are often attributed to the normal aging process (Ross et al., 1997). AD is an increasingly
treatable disorder with several approved pharmacological treatments (donezepil, rivastigmine,
and galantamine), and new treatments in development (Cesura et al., 1995; Gelmacher, 1997;
Petit et al., 1998; Raskind, Peskind, Wessel, & Yuan, 2000). Treatments may also be more
effective early in disease before there is extensive neuronal damage and loss (Gauthier, Thal,
& Rossor, 1996; Khatchaturian, Phelps, & Buchholz., 1994).

In addition, as candidate interventions are developed for treating dementia, effective
approaches for dementia screening are required for application to clinical trials and clinical
practice. In this context, the ideal screening test to detect memory impairment should be sensi-
tive to early disease so that incident cases of dementia are efficiently detected, and specific, so
that most patients with dementia are identified and referred for definitive diagnostic evaluations
(U.S. Agency for Health Care Policy and Research, 1996).

Memory test and mental status tests have been used to screen for dementia in clinical
trials and clinical practice. Medical students and residents are often taught to present a simple
three- or four-word list to remember, and assess free recall after 3–5 min (Mesulam, 2000;
Petersen, 1991; Strub & Black, 1985; Trzepacz & Baker, 1993). These three- or four-word
delayed free recall tests are also often part of mental status tests (Blessed, Tomlinson, &
Roth, 1968; Cammermeyer & Evans, 1988; Folstein, Folstein, & McHugh, 1975; Kokmen,
Smith, Petersen, Tangalos, & Ivnik, 1991; Mattis, 1976; Pfeiffer, 1975; White, Bauer, Bowers,
Crosson, & Kessler, 1995). The available evidence suggests that these three- and four-word
free recall tests may generate unacceptably high “false positive” rates for dementia (Beardsall
& Huppert, 1991; Cullum, Thompson, & Smernoff, 1993; Jenkyn et al., 1985; Kuslansky
et al., 2002). Other brief memory tests with utility in dementia screening include the Memory
Impairment Screen (MIS;Buschke et al., 1999), the East Boston Memory Test (Albert et al.,
1991), and the 10-item free recall with enhanced learning (Knopman & Ryberg, 1989).

A promising screening test for memory impairment is the Hopkins Verbal Learning Test
(HVLT; Brandt, 1991). It is a three-trial list learning and free recall task comprising 12 words,
4 words from each of three semantic categories. Because the HVLT has six equivalent alternate
forms, it is particularly appropriate for serial testing as part of longitudinal studies; alternative
forms can be used to circumvent practice effects due to item familiarity (Fugita et al., 1999;
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Harris, Heaton, Schalz, Bailey, & Patterson, 1997). Test–retest correlations of the HVLT are
similar to those of other verbal memory tests such as the Logical Memory subtest of the Wech-
sler Memory Scale—Revised and the California Verbal Learning Test (Rasmusson, Bylsma, &
Brandt, 1995). Other studies of the HVLT support its alternate form and test–retest reliabil-
ity (Benedict, Schretlen, Groninger, & Brandt, 1998) and its construct and content validity
(Shapiro, Benedict, Schretlen, & Brandt, 1999).

The reliability and validity of the HVLT has been demonstrated in patients with head injury
(Guskiewicz, Riemann, Perrin, & Nashner, 1997; Lovell, Iverson, Collins, McKeag, & Maroon,
1999), schizophrenia (Bryson, Bell, & Lysaker, 1997), and dementia (Frank & Byrne, 2000;
Shapiro et al., 1999). These dementia studies were conducted in patients referred to a geriatric
psychiatry practice (Frank & Byrne, 2000) and in patients referred for neuropsychological
evaluation (Shapiro et al., 1999), but not in community-based samples. These studies are
limited by small samples (Frank & Byrne, 2000; Guskiewicz et al., 1997), and selection
bias (Beardsall & Huppert, 1991; Bryson et al., 1997; Shapiro et al., 1999). Hogervorst and
associates (Hogervorst, Combrinck, & Lapuerta, 2001) found the HVLT total recall score to
have 87% sensitivity and 98% specificity for discriminating “demented patients” from “healthy
controls”, but they eliminated all cases with “questionable” diagnoses from their analyses. This
result may overestimate test characteristics in a community sample with a continuous range of
symptom severity. The HVLT has been revised to include delayed recall; the revised version
adds considerably to testing time and may not be practical in all clinical settings.

Mental status tests are an important and widely used alternatives to memory tests. The Mini-
Mental State Examination (MMSE;Folstein et al., 1975) has been used for detecting dementia
for over 25 years (Morris et al., 1989; Schmitt, Ramseen, & DeKosky, 1989). The MMSE
includes measures of memory, attention, formation and other cognitive domains. The memory
task consists of three words, which are repeated immediately after presentation and are re-
called after two additional tasks (five serial subtractions and backward spelling). The MMSE
also includes orientation items, figure copying, reading and writing. The MMSE has been
recommended as a screen for early dementia (Knopman et al., 2001). Discriminative validity
for the MMSE as been reported to improve with adjustment for age and education (Chum,
Anthony, Bassett, & Folstein, 1993; Kittner et al., 1986).

The aim of this study was to directly compare the performance of the HVLT and the MMSE
as screening tools for dementia in a community-based sample. Participants were recruited
from the Einstein Aging Study (EAS), a longitudinal study of normal aging and dementia
conducted at the Albert Einstein College of Medicine in the Bronx County of New York City.
Because memory deficits may not be as severe in vascular dementias (VaDs) as they are in
AD, we also investigated the discriminative validity of the HVLT and the MMSE in the two
most common dementia subtypes, AD and VaD.

2. Method

2.1. Participants

The sample comprised 393 participants in the EAS, a longitudinal study of cognitive aging
and dementia, conducted in a multi-ethnic, community-dwelling population. All competent
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participants gave informed consent as specified by the Committee on Clinical Investigations
at Albert Einstein College of Medicine. Others gave assent with informed consent obtained
from their next of kin. Of the 393 participants included in this study, 372 individuals were
systematically sampled from the Medicare enrollment lists for the area adjacent to the our
clinical research center. To supplement the 49 individuals with dementia in the systematic
sample, we recruited 21 additional community volunteers with dementia. These individu-
als did not differ significantly from the Medicare recruits with respect to age, sex, ethnic-
ity and education. Eligible individuals were aged 70 years or older, ambulatory, and able
to understand task instructions and respond in English. The control group of elderly indi-
viduals without dementia did not exclude 71 individuals who reported memory complaints
and received a Clinical Dementia Rating Scale score of 0.5 for memory (Hughes et al.,
1982).

2.2. Procedures

All participants were administered the EAS clinical neuropsychological test battery and
medical history, epidemiological, social and behavioral questionnaires as part of the EAS.
The study neurologist performed a neurological examination and ordered additional diagnos-
tic testing, as clinically indicated, including neuroimaging and blood tests. A diagnosis of
dementia was made according to the DSM-IV criteria (American Psychiatric Association,
1997). A diagnosis of AD was based on the NINCDS/ADRDA criteria (McKhann et al., 1984)
and VaD was diagnosed according to Chui et al. (Chui et al., 1992). The study sample com-
prised 323 non-demented elderly and 70 elderly with dementia. Forty-eight participants in
the dementia group were diagnosed with possible or probable AD, 10 were diagnosed with
possible or probable VaD, 9 were diagnosed with mixed dementia, and 3 had other subtypes
(i.e., two fronto-temporal dementia and one dementia with Lewy bodies). After the EAS clinic
visit, each subject was asked to return for a brief second day of testing, during which the HVLT
and the MMSE were administered.

2.3. Materials

The HVLT was administered according to authors’ instructions (Brandt, 1991). Briefly, the
examiner read the 12 words aloud and the subject was asked to freely recall them immediately.
The list was read a second time followed by a second free recall trial. This was followed by a
third reading and third free recall. The words recalled for each trial were recorded and a total
recall score tallied (range: 0–36). The free recall trials were followed by a yes/no recognition
trial, which consisted of 24 words: 12 were the target list words; 6 were categorically related
non-target words; and 6 were unrelated words. As the examiner read each word, the subject
answered ‘yes’ if s/he thought it was one of the target words and ‘no’ if s/he thought it was
not a target. Recognition was scored two ways: (1) total number of correct responses and (2)
an adjusted score that subtracted false alarms from the correct responses. The entire HVLT
requires less than 10 min to administer. Although a revised version of the HVLT (Shapiro et al.,
1999) added delayed recall to improve discrimination, the additional administration time was
impractical in this context.
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The six alternate forms of the HVLT were counterbalanced for administration to the
dementia and no-dementia groups, so that each form was used equally often.

The MMSE was administered according to authors’ instructions (Folstein et al., 1975).
Total scores could range from 0 to 30. Although there have been modifications to the MMSE
(Teng, Chiu, Schneider, & Metzger, 1987), they take longer to administer and may not
meet the “brevity” criteria for a screening measure. Tombaugh et al. (Tombaugh, McDowell,
Krisjansson, & Hubley, 1996) found that the MMSE and the modified-MMSE (3MS), which
added fluency, similarities and delayed recall, did not differ in sensitivity to AD.

2.4. Statistical analyses

The various groups were compared with respect to demographic variables using paramet-
ric and non-parametric measures. Discriminative validity of the HVLT recall and recognition
scores and the MMSE was assessed by calculating the sensitivity and specificity of these
tests for detecting dementia and for detecting AD and VaD for various cut scores. Logistic
regression and receiver operating characteristic (ROC) analysis were used to examine the
various sensitivity–specificity trade-offs of the HVLT recall and recognition scores and the
MMSE scores for detecting dementia. Sensitivity, specificity and their confidence intervals
were estimated for different HVLT and MMSE cut scores. Examining 70 dementia cases and
323 non-demented controls yielded a 95% confidence interval of less than 12% for sensi-
tivity and less than 7% for specificity. Sensitivities and specificities for the HVLT and the
MMSE for discriminating dementia from no dementia were determined over a range of cut
scores.

Positive predictive value (PPV), an important index of screening efficiency, is the proportion
of individuals that test positive who have dementia and were determined over a range of base
rates, as described below (Streiner, Norman, & Blum, 1989). PPV varies with the prevalence of
the disease in the screened population as well as the specificity of the test. Negative predictive
value (NPV), the proportion of non-demented persons who screen negative, tells us how
effectively a test identifies non-demented persons as unimpaired and varies with the disease
prevalence and the sensitivity of the test measure.

Subset analyses were conducted to assess whether the performance of the HVLT and the
MMSE are comparable for detecting AD and VaD. Although normative data are often presented
in the form of percentiles or means and standard deviations, we present norms in the form of
the probability of dementia (or AD) given different HVLT or MMSE cut scores. To calculate
the probability of dementia, one must know the test sensitivity and specificity at each cut score,
and the base rate of dementia (Altman, 1991). The probability of all dementia, and AD and
VaD in particular, was calculated according to Bayes’ Theorem (Elwood, 1993).

We used two methods to compare the performance of the HVLT and MMSE for detecting
dementia. First, the area under the ROC curves was compared using an algorithm proposed
by Metz and Pan (1999). However, because this procedure provides an omnibus test of area
under the ROC curve, it can be influenced by differences in test performance that are in ranges
of sensitivity and specificity that are not clinically or practically relevant. Therefore, we used
the McNemar test to contrast the specificities of the HVLT and MMSE for fixed and clinically
important levels of sensitivity (Fleiss, 1981).
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We used two approaches to examine the influence of age, sex, education and reading ability
on HVLT performance as it pertains to the detection of dementia. Logistic regression analyses
indicate whether overall HVLT or MMSE performance is influenced by age, sex, education
and reading ability. These analyses donot assess the influence of these variables on the optimal
cut scores of the HVLT or MMSE for detecting dementia. A second logistic regression analysis
tested whether cut scores for the HVLT or MMSE need to be modified according to patient
characteristics (age, sex, education or reading ability) to optimize dementia discrimination.

Logistic regression and ROC analyses were used to determine whether combining standard
or adjusted recognition scores with recall scores improve discriminative validity of the HVLT
for dementia. The same analytic methods described above (testing area under ROC curves
and McNemar’s tests) were used to compare the dementia discrimination of recall scores with
discrimination of recall scores combined with both standard and adjusted recognition scores.

3. Results

3.1. Demographic and neuropsychological variables

The demographic and neuropsychological characteristics of the 323 individuals without
dementia and the 70 individuals with dementia are shown inTable 1.

The Dementia group includes the AD only group (n = 48), the VaD only group (n = 10),
the mixed AD/VaD group (n = 9), fronto-temporal dementias (n = 2) and dementia with
Lewy bodies (n = 1). The dementia groups did not differ significantly from the no-dementia
group with respect to sex or ethnicity. The dementia group (82.0 years) was significantly older

Table 1
Demographic and neuropsychological characteristics of participant groups

Control Particpants with
participants all dementiasa AD only VaD only

Sample size 323 70 48 10
Sex (% male) 40 40 33 30
Age 78.6± 5.3 82.0± 5.5 81.7± 5.3 82.2± 6.8
Education 12.9± 3.3 11.8± 3.4 11.8± 3.2 10.6± 3.0
Ethnicity (% caucasian) 65 63 65 50
BIMC 3.3 ± 2.6 10.4± 5.2 10.9± 4.3 7.9± 4.5
HVLT free recall total 20.7± 5.7 12.0± 4.6 12.5± 4.1 12.0± 4.1
MMSE 26.1± 2.1 22.3± 4.0 22.4± 3.4 21.4± 3.2
GDS 2.8± 2.4 4.6± 3.2 4.5± 3.4 5.1± 2.4
WAIS-R Verbal IQ 105.1± 14.9 90.6± 11.3 91.9± 12.7 83.3± 4.2
WRAT-R reading 66.6± 15.1 59.5± 18.3 61.1± 18.2 44.0± 16.5
WAIS-R Digit Symbol Score 34.5± 12.3 19.3± 12.2 20.2± 12.2 15.9± 7.2
WAIS-R Block Design Score 17.3± 8.4 7.9± 7.5 8.8± 8.0 4.7± 4.0

Means (S.D.) are presented except for sample size, sex, and ethnicity.
a Includes persons with AD only, VaD only, mixed AD/VaD, fronto-temporal dementia and dementia with Lewy

bodies.
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(P < .001) than the group without dementia (78.6 years) and had fewer years of education
(P = .011). The no-dementia group outperformed the all-dementia group on the Blessed test
of mental status (BIMC,P < .001), reading level (WRAT-R,P = .001), WAIS-R Verbal IQ
(P < .001), cognitive-motor speed (WAIS-R Digit Symbol Substitution,P < .001), memory
(HVLT, P < .001), and problem solving (WAIS-R Block Design (53) subtest,P < .001).

The AD group did not differ significantly from the VaD group with respect to age, sex,
education, ethnicity, mental status or IQ variables. The AD group scored significantly higher
with respect to WRAT-R reading scores (P = .008).

3.2. All dementias

We examined the effects of age, sex, education and reading ability in the logistic regression
models for the HVLT and the MMSE. None of these variables influenced either the HVLT or
MMSE performance or the cut scores for detecting dementia.

There were significant mean differences in HVLT free recall score and MMSE performance
between participants with dementia and non-cases (Table 1, HVLT free recall,P < .001;
MMSE, P < .001). Focusing first on the HVLT,Figure 1shows the sensitivity–specificity
trade-offs of different cut scores on the free recall portion of the HVLT for discriminating the
all-dementia group from the group with no dementia.

The total area under the curve (AUC) for the HVLT is 0.89. At a cut score of<16, the
HVLT has a sensitivity of 0.83 and specificity of 0.83 (seeTable 2). While examination of
Figure 1shows that while the HVLT appears to be more effective (i.e., greater specificity at
relevant cut scores), these differences were not statistically significant.

Fig. 1. HVLT free recall and the MMSE for participants with all dementias versus no dementia.
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Table 2
Dementia sensitivity and specificity of HVLT free recall scores with corresponding probabilities of dementia (PPV)
and probabilities of no dementia (NPV) at different base rates

All dementia PPV/NPV at different base rates

HVLT Sensitivity Specificity 5% 10% 15% 20%

<3 0.02 1.00 1.00/.95 1.00/.90 1.00/.85 1.00/.80
<10 0.39 0.99 .67/.97 .81/.94 .87/.90 .91/.87
<11 0.44 0.99 .70/.97 .83/.94 .89/.91 .92/.88
<12 0.50 0.93 .27/.97 .44/.94 .56/.91 .64/.88
<13 0.57 0.91 .25/.98 .41/.95 .53/.92 .61/.89
<14 0.62 0.91 .27/.98 .43/.96 .55/.93 .63/.91
<15 0.68 0.90 .26/.98 .43/.96 .55/.94 .63/.92
<16 0.83 0.83 .20/.99 .35/.98 .46/.97 .55/.95
<17 0.88 0.69 .13/.99 .24/.98 .33/.97 .42/.96
<18 0.90 0.66 .12/.99 .23/.98 .32/.97 .40/.96
<19 0.94 0.54 .10/.99 .19/.99 .27/.98 .34/.97
<20 0.97 0.46 .09/1.0 .17/.99 .24/.99 .31/.98
<21 0.99 0.39 .08/1.0 .15/1.0 .22/1.0 .29/.99
<22 0.99 0.30 .07/1.0 .14/1.0 .20/1.0 .26/1.0
<25 1.00 0.06 .05/1.0 .11/1.0 .16/1.0 .21/1.0
<29 1.00 5.00 .05/1.0 .10/1.0 .16/1.0 .21/1.0
<31 1.00 3.00 .05/1.0 .10/1.0 .15/1.0 .20/1.0
<35 1.00 0.00 .05/1.0 .10/1.0 .15/1.0 .20/1.0

As the cut score is raised sensitivity rises while specificity falls The sensitivity, specificity,
PPV and NPV of each HVLT free recall cut score for different prevalence rates of dementia
are shown inTable 2. At a cut score of<16, the HVLT has a sensitivity of 0.83 and specificity
of 0.83.

We also examined the HVLT recognition scores for discriminating dementia. The AUC
is 0.69 and sensitivity is 0.50 when the specificity is 0.80. When the HVLT true positive
recognition score is entered into the logistic regression with the HVLT recall score, the area
under the ROC curve does not change. When we applied an adjusted recognition score by
subtracting the related errors or total errors from the true positive score, neither the AUC nor
sensitivity or specificity changed.

We conclude that the HVLT recognition score does not improve the identification of
dementia above the free recall score from the HVLT in our sample.

Figure 1also shows the sensitivity–specificity trade-offs of different cut scores on the
MMSE for discriminating the group with all dementias from those with no dementia. The total
AUC for the MMSE is 0.83. The sensitivity, specificity, PPV and NPV of each MMSE cut
score for different prevalence rates of dementia are shown inTable 3. For example, at a cut
score of<25, the MMSE has a sensitivity of 0.70 and specificity of 0.82. Sensitivity rises to
0.86 at a cut score of<26 and specificity increases to 0.89 when the cut score is<24 (see
Table 3).

We compared the AUC for the HVLT (0.89) recall and the MMSE (0.83) and found no
statistically significant differences using the method proposed byMetz and Pan (1999). Using
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Table 3
Dementia sensitivity and specificity of MMSE scores with corresponding probabilities of dementia (PPV) and
probabilities of no dementia (NPV) at different base rates

All dementia PPV/NPV at different base rates

MMSE Sensitivity Specificity 5% 10% 15% 20%

<19 0.14 1.00 1.00/.96 1.00/.91 1.00/.87 1.00/.82
<20 0.17 0.99 .47/.96 .65/.91 .75/.87 .81/.83
<21 0.29 0.98 .43/.96 .62/.93 .72/.89 .78/.85
<22 0.33 0.97 .37/.96 .55/.93 .66/.89 .73/.85
<23 0.43 0.93 .24/.97 .41/.94 .52/.90 .61/.87
<24 0.53 0.89 .20/.97 .35/.94 .46/.91 .55/.89
<25 0.70 0.82 .17/.98 .30/.96 .41/.94 .49/.92
<26 0.86 0.70 .13/.99 .24/.98 .33/.97 .42/.95
<27 0.93 0.48 .09/.99 .17/.98 .24/.97 .31/.96
<28 0.99 0.23 .06/1.0 .13/1.0 .18/.99 .24/.99
<29 1.00 0.10 .06/1.0 .11/1.0 .16/1.0 .22/1.0
<30 1.00 0.04 .05/1.0 .10/1.0 .16/1.0 .21/1.0
=30 1.00 0.04 .05/1.0 .10/1.0 .15/1.0 .20/1.0

the alternative method, the McNemar test (Fleiss, 1981) demonstrated that when various sen-
sitivity rates were held constant, there were no statistical differences in specificity.

3.3. Alzheimer’s disease (AD)

As shown in the all-dementia analyses, age, sex and education were entered into all of
the above logistic regression models and they did not significantly influence the performance
of either the HVLT or the MMSE, optimal cut scores for detecting AD were not modified.
However, WRAT-R reading ability was significant (P < .02) when added to the MMSE model
for discriminating those with AD from those with no dementia; the ROC curve was shifted
slightly to the left (not shown). When reading ability is examined for those with an eighth
grade reading level or less, the ROC curve for the poor readers shows a modest increase in
specificity for a given value of sensitivity.

Figure 2shows the sensitivity–specificity trade-offs of different cut scores on the free recall
portion of the HVLT and the MMSE for discriminating those with AD only from those with
no dementia. The total AUC for the HVLT is 0.89.

At a cut score of<16, the HVLT has a sensitivity of 0.83 and specificity of 0.83. Sensitivity
rises to 0.88 at a cut score of<17 but specificity drops to 0.67. When the cut score is<15,
specificity increases to 0.92 but sensitivity decreases to 0.75. The ROC curve that describes
the discrimination of those with AD only from those with no dementia by HVLT recognition
has an AUC of 0.70; at a sensitivity of about 80% when the specificity is about 0.30. The
area under the ROC curve for total recall does not change by adding any of the other adjusted
recognition scores to the model.

Figure 2also shows the sensitivity–specificity trade-offs of different cut scores on the MMSE
for discriminating those with AD only from those with no dementia. The total AUC is 0.85.
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Fig. 2. HVLT free recall and the MMSE for AD versus no dementia.

At a cut score of<25, the MMSE has a sensitivity of 0.75 and specificity of 0.82. Sensitivity
rises to 0.88 at a cut score of<26 but specificity falls to 0.70. At a cut score of<24, specificity
rises to 0.89 but sensitivity drops to 0.52. Adding reading ability to the MMSE model slightly
improves discrimination with modest increases in specificity at the relevant cut scores of 24
and 25.

We compared the AUCs for the HVLT (0.89) recall and the MMSE (0.85) for participants
with AD only and found no statistically significant differences.

3.4. Vascular dementia (VaD)

Age, sex and education were entered into logistic regression models for discriminating
persons with VaD from persons with no dementia. They did not influence HVLT or MMSE
performance significantly and they did not modify cut scores for detecting VaD. Unlike the
results for AD, adding reading ability to the MMSE model did not affect the results or the
cut scores. However, reading ability did enter significantly into the logistic regression for
discriminating those with VaD from those with no dementia and while not changing the optimal
cut score, it significantly improved specificity. When reading ability is dichotomized above
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Fig. 3. HVLT free recall and the MMSE for VaD versus no dementia.

and below eighth grade, the ROC curve for the poorer readers was shifted considerably right
when compared to the ROC curve of the better readers (i.e., greater sensitivity and specificity
for better readers).

Figure 3shows the sensitivity–specificity trade-offs of different cut scores on the free recall
portion of the HVLT and the MMSE for discriminating those with VaD from those with no
dementia. The total AUC is 0.90 for HVLT and 0.95 for the combined HVLT and reading
ability (WRAT-R).

At an optimal cut score of<16, the HVLT alone has a sensitivity of 0.80 and specificity of
0.84. Holding sensitivity constant at 0.80, the combined HVLT and WRAT-R reading score
have a specificity of 0.94. For HVLT alone, sensitivity rises to 0.90 at a cut score of<18 but
specificity decreases to 0.68; however, when the HVLT and WRAT-R reading are combined,
the specificity increases to 0.89 at a sensitivity of 0.90.

HVLT recognition has an area under the ROC curve of 0.74 and sensitivity is only 0.50
when the specificity is 0.90. When the HVLT true positive recognition score is entered into the
logistic regression with the HVLT recall score, the area under the ROC curve does not change
from the total recall score. However, adding true positive recognition maintains sensitivity
at 0.90 and increases specificity modestly to 0.73. When we applied an adjusted recognition
score by subtracting the related errors or total errors from the true positive score, neither the
AUC nor sensitivity or specificity improved.

Figure 3also shows the sensitivity–specificity trade-offs of different cut scores on the MMSE
for discriminating those with VaD from those with no dementia. The total AUC is 0.91. At a
cut score of<26, the MMSE has a sensitivity of 0.89 and specificity of 0.70. At a cut score of
<25 for VaD, sensitivity is 0.75 and specificity increases to 0.82.
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We compared the AUCs for the HVLT (0.89) recall alone and the MMSE (0.91) for those
with VaD and found no statistically significant differences. When the ROC curves of the
HVLT in combination with the WRAT-R reading scores was compared to the MMSE ROC
curve, the McNemar’s test (Fleiss, 1981) indicated that the HVLT–WRAT-R combination
was significantly better than the MMSE (P < .01) at discriminating persons with VaD from
persons without dementia.

4. Discussion

These results indicate that the HVLT and the MMSE are effective tests for detecting dementia
overall as well as the AD and VaD subgroups, in an ethnically diverse community-based
sample. For these study samples, logistic regression analyses found all results to be independent
of the effects of demographic variables, i.e., sex, age, ethnicity and education, suggesting that
no age- or education-corrections are needed for either the HVLT or the MMSE.

We determined that the optimal cut score in our sample with a dementia base rate of 18% for
the HVLT is 15, 16, or 17 depending on the application and whether sensitivity or specificity is
of paramount importance. Our results also suggest that the HVLT alone works equally well for
both AD and VaD. When the dementia group is limited to 63 individuals with “mild dementia”
defined as MMSE >18 (37), the optimal cut is 15, with sensitivity of 0.81 and specificity of
0.83, lower than the 18/19 cut obtained byFrank and Byrne (2000)with a small sample of 15
mildly demented patients and 15 normal controls. Using the mild dementia cuts specified by
Frank and Byrne (2000), we obtained an optimal cut of 25 for the HVLT (with sensitivity of
0.84 and specificity of 0.70) comparable to the 25/26 cut obtained byFrank and Byrne (2000).

The sum of three free recall trials outperforms the recognition on the HVLT for the discrim-
ination of the all-dementia groups from the no-dementia control sample. This remains true
for the discrimination of the two specific dementia subtypes, AD and VaD. The ROC curves
in Figures 1 and 2suggest that, at high values of specificity, the HVLT free recall provided
slightly higher values of sensitivity than the MMSE for participants with all dementias and
for those with AD, though the differences were small and not statistically significant. In a
larger sample the modest differences may reach statistical significance. Further research in
other community settings may clarify the relationship of the HVLT and MMSE in dementia
subtypes. Combining HVLT free recall with either HVLT recognition did not significantly
improve discrimination of those with dementia from those without dementia.

HVLT performance is compromised in persons with low reading ability and clinicians will
have to take reading ability into account when interpreting HVLT scores. In our sample, it
appeared that the reading ability level of many of the individuals with VaD was compromised.
Additional studies are needed to clarify the relationship between locus of vascular lesion,
reading and semantic memory tests.

While the sensitivity, specificity, PPV and NPV of the HVLT in this sample appear modest
compared with previous studies, it is important to note that the no-dementia control group
includes persons with mild memory impairments and individuals with other mild cognitive
deficits who may be in the preclinical stage of dementia, although they do not meet clinical
criteria for a diagnosis of full-blown dementia. We deliberately did not exclude these individ-
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uals since any community-based population will include these persons and they are represen-
tative of the elderly population at large.

The effect of depression on free recall has been reported (Blau & Ober, 1988; Breslow,
Kocsis, & Belkin, 1981; Davis & Unruh, 1980; Massman, Delis, Butters, Dupont, & Gillin,
1992). While the participants with dementia had slightly higher Geriatric Depression Scale
(GDS) scores, depression did not significantly enter into the regression models for this study
sample. However, depression must be always examined as it may mimic dementia (pseudode-
mentia (Caine, 1981; Gainotti & Marra, 1994), may be a precursor to dementia (Godwin-Austen
& Bendall, 1990; Liston, 1978; Roth, 1980), or be co-morbid with dementia (Mendez, Martin,
Smyth & Whitehouse, 1990; Teri & Wagner, 1992). As depression is treatable, some of the
cognitive deficits noted may be alleviated when depression is treated (Hoch & Reynolds, 1990).

The choice of an appropriate screening measure for identifying dementia depends on the
question being asked and the sample studied. In geriatric or neurological clinic samples with
high prevalence of patients with stroke, Parkinson’s disease or other muscular and/or neuro-
logical disorders, the MMSE may not be ideal as it requires reading, following commands, and
writing ability that may be compromised in these diseases. For these populations, the HVLT
may be more appropriate for identifying memory deficits associated with dementing processes.
However, for screening and identifying impairments in any of several cognitive domains and
to monitor progression of dementia, the multi-task MMSE may be more appropriate.

We have provided the PPV and NPV of a range of scores on the MMSE and HVLT at different
base rates of dementia, to be used depending on the clinician’s purposes. For screening and
identifying elderly individuals for further clinical and neuropsychological evaluation, a test or
a cut score on the test that maximizes sensitivity may be chosen. On the other hand, in order to
identify patients with dementia for pharmacological interventions with potential side effects,
a test or a cut score on the test with high specificity may be picked. The NPV of the HVLT
and the MMSE are very high, suggesting that we can be confident in reassuring those persons
who screen negative on these measures; and further neuropsychological evaluation may be
avoided. However, the modest sensitivities and PPV’s of the HVLT and MMSE suggest that
many individuals with significant memory deficits would be missed on either test. For example,
a cut score of 25 on the MMSE would misclassify 30% of impaired individuals as unimpaired.
Based on our findings, a high index of suspicion with a passing score on a single measure
would require additional testing as we have determined that combining two memory tests with
a logical ‘OR’ increases sensitivity with modest loss of specificity (Kuslansky et al., 2002).
While revised versions of the HVLT have been described, the additional time commitment
makes it impractical to use in busy clinic or high volume community screening. Further research
is needed to develop shorter, efficient versions or combination with other tests to improve the
sensitivity and PPV of the HVLT.
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