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Abstract

The original and second editions of the California Verbal Learning Test (CVLT) used
nonparametric and parametric methods, respectively, to assess Total Recognition Discriminability
(RD). In a previous study, we found evidence that the nonparametric formula may be more
sensitive than the parametric formula to high false positive (FP) rates and provide more accurate
assessments of yes/no recognition in neurodegenerative populations prone to high FP rates,
including Alzheimer’s disease (AD). In the present study, we extended our investigation to
examine the utility of CVLT-3 nonparametric and parametric Total RD indices in the assessment
and comparison of yes/no recognition in individuals with Huntington’s disease (HD) and AD in
mild and moderate stages of dementia. Findings suggested that the CVLT-3 nonparametric Total
RD index was more sensitive than the parametric index to HD and AD differences in yes/no
recognition across mild and moderate stages of dementia. Additionally, group differences on total
FP errors were more closely mirrored by group differences on the nonparametric Total RD index.
The present results bolster our previous findings and highlight the utility of examining
nonparametric (in addition to parametric) Total RD on the CVLT-3 in assessments of yes/no
recognition involving clinical populations prone to high FP rates.
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The original and second editions of the California Verbal Learning Test (CVLT and CVLT-
I, respectively) included a Total Recognition Discriminability (RD) index that assesses the
ability to distinguish List A target items from all (List B and novel) distractor items on the
Yes/No Recognition trial. The original CVLT (Delis, Kramer, Kaplan, & Ober, 1987) used a
nonparametric formula that incorporated false positive (FP) errors as an absolute proportion
or percentage into Total RD scores (see Underwood, 1974). In contrast, the CVLT-II (Delis,
Kramer, Kaplan, & Ober, 2000) used a parametric (&) formula based on signal detection
theory (Macmillan & Creelman, 1991) that incorporated FP errors as a rate or probability (in
the form of a ztransformed proportion) into Total RD scores (Delis et al., 2000). The
distinction between these two formulas in how they incorporate FP errors into Total RD
scores may have implications for assessing yes/no recognition in populations that are
particularly prone to generating high numbers of FP errors (e.g., AD).

The memory profiles associated with Huntington’s disease (HD) and Alzheimer’s disease
(AD) have been well characterized. Individuals with HD, particularly those in earlier stages
of the disease, have been shown to demonstrate poor recall with improvements on
recognition testing, suggesting impaired retrieval processes albeit relatively intact encoding
and maintenance mechanisms (Butters, Delis, & Lucas, 1995; Butters, Wolfe, Martone,
Granholm, & Cermak, 1985; Delis et al., 1991). In contrast, individuals with AD have been
shown to exhibit rapid forgetting due to a more profound encoding deficit and, consequently,
perform poorly on recall and recognition (Budson & Kowall, 2013; Dickerson & Atri, 2014;
Salmon & Bondi, 2009).

Studies using the CVLT have suggested that HD patients (particularly those in milder stages
of the disease) perform better than AD patients on Total RD (Delis et al., 1991; Kramer et
al., 1988). However, two studies using the CVLT-II have produced mixed findings. The first
study (Fine et al., 2008) demonstrated that standardized parametric Total RD scores were
higher in HD patients than in AD patients. In the second study, which was conducted
recently by our group (Graves et al., 2017), the nonparametric formula that was used on the
CVLT was applied to CVLT-1I data to generate raw scores on a nonparametric Total RD
index (standardized nonparametric Total RD scores could not be generated or examined as
CVLT-1I norms on a nonparametric Total RD index were not available). Raw and
standardized scores on the parametric Total RD index, which are included by default on the
CVLT-II, also were examined. Findings from this study revealed comparable standardized
parametric Total RD scores between the HD and AD groups, whereas raw nonparametric
and parametric Total RD scores were higher in the HD group than in the AD group.
Moreover, exploratory analyses suggested that FP errors were more strongly correlated with
nonparametric Total RD scores than with parametric Total RD scores in the AD group but
not in the HD group. These findings suggested that the nonparametric formula for Total RD
may more fully account for high FP rates, whereas parametric Total RD scores may be
inadvertently overestimated in some individuals with AD (i.e., those who are prone to
significantly elevated FP rates). That is, given the disproportionately higher number of
distractor items relative to target items on the Yes/No Recognition Trial, for those
individuals with AD who are prone to generating significantly high numbers of FP errors,
the parametric Total RD formula may inadvertently lessen the FP rate and thus mask
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impairment. This may explain the comparable standardized scores on the Total RD index
between HD and AD groups in the aforementioned study.

Although the memory profiles of HD and AD have been well characterized, evidence
suggests that the degree to which yes/no recognition is shown to differ between these
populations may depend on the manner in which FP errors are incorporated into assessments
of yes/no recognition. Moreover, whether HD and AD comparisons on yes/no recognition
vary as a function of dementia severity has not been closely examined. The CVLT-3 includes
both a nonparametric and a parametric Total RD index on the Yes/No Recognition trial
(Delis, Kramer, Kaplan, & Ober, 2017). In the present study, we extended our investigation
to examine the utility of CVVLT-3 nonparametric and parametric Total RD indices in the
assessment and comparison of yes/no recognition in individuals with HD and AD in mild
and moderate stages of dementia. Access to data on additional AD participants yielded a
larger sample in the present study relative to our previous study (Graves et al., 2017), which
allowed us to categorize HD and AD participants as mild or moderate on dementia severity.
Additionally, we were able to apply CVLT-3 algorithms and norms to existing CVLT-II data
to generate raw and scaled scores on CVLT-3 nonparametric and parametric Total RD
indices. It was hypothesized that relative to the parametric Total RD index, the
nonparametric Total RD index — in more fully accounting for high FP rates than the
parametric formula — would be more sensitive to HD and AD differences in yes/no
recognition across mild and moderate stages of dementia.

Study participants included 55 individuals with HD and 52 individuals with AD who were
each characterized as mild or moderate on dementia severity based on Dementia Rating
Scale (DRS; Mattis, 1988) or DRS-2 (Jurica, Leitten, & Mattis, 2001) scores: 120 or above
= mild, 100-119 = moderate (mod). The study sample therefore included four groups: HD-
mild (n=39), HD-mod (n=16), AD-mild (h=25), and AD-mod (n=27).

Individuals with HD were recruited from the Huntington’s Disease Clinical Research Center
(HDCRC) at the University of California, San Diego (UC San Diego). Individuals with HD
were administered the Unified Huntington’s Disease Rating Scale (UHDRS; Huntington
Study Group, 1996) by a senior staff neurologist at the HDCRC and were diagnosed with
definite HD on the basis of unequivocal motor signs on the UHDRS and a positive family
history of HD. In addition, all HD participants had a CAG repeat length greater than 39,
indicating that all carried the fully penetrant genetic mutation for HD.

Individuals with AD were recruited from the Shiley-Marcos Alzheimer’s Disease Research
Center (ADRC) affiliated with UC San Diego. Diagnoses of individuals with probable AD
were made by a senior staff neurologist at the ADRC and were consistent with the criteria
established by the National Institute of Neurological and Communicative Disorders and
Stroke (NINCDS)-Alzheimer’s Disease and Related Disorders Association (ADRDA)
workgroup (McKhann et al., 1984; McKhann et al., 2011). Portions of the HD and AD
groups in the present study overlapped with samples from previous studies (Delis et al.,
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2005, Fine et al., 2008; Graves et al., 2017). Specifically, all 55 HD participants and 33 of
the 52 AD participants in the present study also were included in our previous study in
which we examined HD and AD differences on Total RD using the CVLT-1I (Graves et al.,
2017). Given the increase in our AD sample, the present study allowed the opportunity to
generate multiple subgroups of HD and AD participants to examine whether HD and AD
differences on CVLT-3 Total RD indices varied as a function of dementia severity.

Exclusionary criteria for HD and AD participants included the following: a diagnosis of any
neurological disorder aside from HD or AD, respectively; a diagnosis of any major medical
condition (e.g., cancer); a diagnosis of any psychiatric disorder (with the exception of a
mood disorder, for which any current symptoms were well managed based on self-report); a
history of traumatic brain injury; and a history of substance use disorder.

CVLT-II data were extracted from archival databases that included data from larger batteries
of neuropsychological tests administered by trained research assistants or psychometrists at
the HDCRC, ADRC, and Normal Aging Laboratory at UC San Diego. All participants
provided informed written consent and the study was approved by the Institutional Review
Board of UC San Diego.

Yes/No Recognition Variables

The CVLT is a list-learning test that provides a multitude of verbal learning and memory
indices, including immediate recall, free and cued recall over short and long delays, and
yes/no recognition. Recall and Yes/No Recognition test items and procedures are essentially
identical across the CVLT-1l and CVLT-3. Participants in the present study were previously
administered the CVLT-11 (see above regarding extraction from archival databases) using
standard procedures outlined by Delis and colleagues (2000). Given that the target words on
the recall trials and the target and distractor items on the Yes/No Recognition trial are
identical on the CVLT-Il and CVLT-3, CVLT-3 algorithms and norms were applied to
existing CVLT-11 data to generate and examine raw and scaled scores on CVLT-3 Yes/No
Recognition variables. CVLT-3 Yes/No Recognition variables of primary interest were raw
and scaled scores on nonparametric Total RD and parametric Total RD (see formulas below).
Hits and total FP errors also were examined.

Nonparametric Total RD = [1 — (total FP errors + total misses) / 48] x 100
Parametric Total RD = z(hit rate) — z(FP rate)

Data Analysis

Analyses were conducted in the Statistical Package for the Social Sciences (SPSS) Version
25. Prior to conducting primary analyses, 1) analysis of variance and covariance (ANOVA
and ANCOVA) assumptions were tested; 2) one-way ANOVA and chi-square tests were
conducted to examine group differences on demographic variables (age, gender, education)
and DRS/DRS-2 scores; and 3) preliminary ANOVA and ANCOVA tests were conducted to
determine which demographic variables were significant predictors of raw scores on Total
RD indices.
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To address the aims of the study, 1) ANCOVA tests were conducted to examine the effect of
group (HD-mild, HD-mod, AD-mild, AD-mod) on raw scores on Yes/No Recognition
variables, controlling for demographic factors when appropriate; and 2) ANOVA tests were
conducted to examine the effect of group on scaled scores on Yes/No Recognition variables.
Post-hoc pairwise comparisons were examined in the context of significant group effects,
and an alpha level (a) of .01 was applied to adjust for multiple comparisons. Cohen’s d
effect size values associated with significant group differences on Total RD indices were
calculated and reported.

Preliminary Analyses

Data on primary Yes/No Recognition variables of interest were considered to be normally
distributed based on examination of skewness (range = —0.69 to 0.32, SE=.17) and kurtosis
(range = —1.04 to —0.60, SE=.34) values, histograms (which reflected relatively normal
distributions), and boxplots (which indicated absence of outliers). Additionally, Levene’s
tests revealed equal variances across groups in the context of ANOVA tests examining scaled
scores on Yes/No Recognition variables of interest (ps>.05) in addition to homogeneity of
regression slopes in the context of ANCOVA tests where age was included as a covariate in
the examination of group effects on raw scores on Yes/No Recognition variables (£5>.05).

Demographic information on study participants is provided in Table 1. One-way ANOVA
tests revealed significant group differences on age, A3, 103) = 80.90, p < .001, and DRS/
DRS-2 scores, A3, 103) = 114.35, p<.001, but not education, A3, 103) = 1.62, p=.19. As
expected, Tukey’s post-hoc pairwise comparisons revealed that the HD-mild and HD-mod
groups were significantly younger than the AD-mild and AD-mod groups (ps < .001). In
addition, the HD-mod and AD-mod groups had significantly lower DRS/DRS-2 scores than
the HD-mild and AD-mild groups. A chi-square test revealed a significant difference in
gender distributions across groups, ;(2 (3, N=107) = 8.58, p< .05. Post-hoc tests revealed
that there was a higher proportion of women than men in the HD-mild group but a higher
proportion of men than women in the AD-mod group (o5 < .05). Gender proportions were
comparable in the HD-mod and AD-mild groups (us > .05).

Preliminary analyses revealed that age was a significant predictor of raw scores on the
nonparametric Total RD index, A1, 105) = 24.78, p< .001, and the parametric Total RD
index, A1, 105) = 20.22, p<.001. Thus, age was included as a covariate in the primary
analysis involving raw scores on Yes/No Recognition variables. Given that scaled scores
correct for age, age was not controlled for in the primary analysis involving scaled scores on
Yes/No Recognition variables. Preliminary analyses also revealed that DRS/DRS-2 scores
were a significant predictor of raw scores on the nonparametric Total RD index, A1, 105) =
20.26, p<.001, and the parametric Total RD index, A1, 105) = 25.85, p < .001. However,
given that DRS/DRS-2 scores were confounded with group, DRS/DRS-2 scores were not
controlled for in primary analyses involving raw or scaled scores on Yes/No Recognition
variables. Neither gender nor education were shown to be significant predictors of raw
scores on Total RD indices (ps > .05); thus, neither of these variables were controlled for in
primary analyses of Yes/No Recognition performance.
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Primary Analyses

Mean and standard deviation values for raw and scaled scores on CVLT-3 Yes/No
Recognition variables in the HD-mild, HD-mod, AD-mild, and AD-mod groups are
provided in Table 2. ANCOVA tests revealed a significant effect of group on raw scores on
total FP errors, A3, 102) = 4.58, p< .01, 77,02: .12, the nonparametric Total RD index, A3,
102) = 6.54, p<.001, 77,02: .16, and the parametric Total RD index, A3, 102) = 6.48, p
<.001, 7,Z= .16, but not on hits, A3, 102) = 1.24, p> .05, 7,2 = .04. Post-hoc pairwise
comparisons (a = .01) revealed that the HD-mild group had significantly fewer total FP
errors than the AD-mild and AD-mod groups (ps<.001), and that the HD-mod group had
significantly fewer total FP errors than the AD-mod group (p<.001). Additionally, on both
the nonparametric and parametric Total RD indices, the HD-mild group had significantly
higher raw scores than the AD-mild (nonparametric: p<.001, ¢=1.16; parametric: p<.001,
a=1.13) and AD-mod (nonparametric: p<.001, ¢=1.63; parametric: p<.001; ¢=1.53) groups,
and the magnitude of these differences was large (see Cohen’s d'values above). Moreover,
on the nonparametric Total RD index (but not on the parametric Total RD index), the HD-
mod group had significantly higher raw scores than the AD-mod group (p<.001), and the
magnitude of this difference was large (¢=1.23). Thus, in the context of raw scores, HD and
AD group differences were more robust on the nonparametric Total RD index, and group
differences on the nonparametric Total RD index mirrored group differences on total FP
errors. No other significant group differences on raw scores were observed.

ANOVA tests revealed a significant effect of group on scaled scores on total FP errors, A3,
103) =5.37, p< .01, 77p2: .14, the nonparametric Total RD index, A3, 103) =5.68, p< .01,
n,° = .14, and the parametric Total RD index, A3, 103) = 3.30, p < .05, 7,7 = .09, but not on
hits, A3, 103) = 2.44, p> .05, an: .07. Post-hoc pairwise comparisons (a. = .01) revealed
that the HD-mild group had significantly higher scaled scores on total FP errors (note: in the
context of FP errors, higher scaled scores correspond with lower raw scores) than the AD-
mild (p=.007) and AD-mod (p=.001) groups. Additionally, on both the nonparametric and
parametric Total RD indices, the HD-mild group had significantly higher scaled scores than
the AD-mod group (nonparametric: p<.001, ¢=0.98; parametric: p=.005, ¢=0.69), and the
magnitudes of these differences were medium to large (see Cohen’s d'values above).
Moreover, on the nonparametric Total RD index (but not on the parametric Total RD index),
the HD-mild group had significantly higher scaled scores than the AD-mild group (p=.005),
and the magnitude of this difference was medium (¢=0.70). Thus, as was observed with raw
scores, in the context of scaled scores, HD and AD group differences were more robust on
the nonparametric Total RD index, and group differences on the nonparametric Total RD
index mirrored group differences on total FP errors. No other significant group differences
on scaled scores were observed. Descriptive statistics and pairwise comparisons associated
with primary analyses of raw and scaled scores on CVLT-3 Yes/No Recognition variables
are provided in Table 2.

Discussion

In the present study, we examined and compared the utility of the CVLT-3 nonparametric
and parametric Total RD indices in characterizing and distinguishing yes/no recognition
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performance in individuals with HD and AD in mild and moderate stages of dementia. In a
previous study (Graves et al., 2017), we found that although HD patients had significantly
higher raw scores than AD patients on nonparametric and parametric Total RD indices, the
HD and AD groups had comparable standardized scores on the CVLT-1I parametric Total
RD index. At that time, standardized nonparametric Total RD scores could not be generated
or examined as CVLT-Il norms on a nonparametric Total RD index were not available. The
present study expands upon these earlier findings by 1) exploring HD and AD differences on
Total RD as a function of dementia severity via categorization of HD and AD patients into
mild and moderate subgroups based on DRS/DRS-2 scores, and 2) including an analysis of
scaled scores in addition to raw scores on both nonparametric and parametric Total RD
indices. It was hypothesized that relative to the parametric Total RD index, the
nonparametric Total RD index — in more fully accounting for high FP rates — would be more
sensitive to HD and AD differences in yes/no recognition across mild and moderate stages
of dementia.

In the present study, analyses of raw and scaled scores on the CVLT-3 nonparametric and
parametric Total RD indices provided further evidence that relative to the parametric Total
RD index, the nonparametric Total RD index may be more sensitive to HD and AD
differences in yes/no recognition. Specifically, on both the nonparametric and parametric
Total RD indices, HD patients with mild dementia exhibited significantly higher raw scores
than AD patients with mild or moderate dementia. However, HD patients with moderate
dementia were shown to perform better than AD patients with moderate dementia on the
nonparametric Total RD index, whereas this difference was not observed on the parametric
Total RD index. In the context of scaled scores, HD patients with mild dementia exhibited
significantly higher scaled scores than AD patients with moderate dementia on both the
nonparametric and parametric Total RD indices. However, HD patients with mild dementia
also were shown to perform better than AD patients with mild dementia on the
nonparametric Total RD index, but not on the parametric Total RD index. Although HD and
AD differences appeared less robust in the analysis of scaled scores versus raw scores, this is
not surprising given that the correction for age in scaled scores likely impacts HD
performance to a greater degree than AD performance given earlier disease onset in HD
relative to AD (i.e., many HD patients are compared to cognitively normal middle-aged
adults whereas most AD patients are compared to cognitively normal older adults). Taken
together, the present findings highlight that relative to the parametric Total RD index, the
nonparametric Total RD index may be more sensitive to HD and AD differences in yes/no
recognition.

The present study expanded upon our previous work through the examination of HD and AD
performance on nonparametric and parametric Total RD as a function of dementia severity.
Previously, we found that although HD patients had significantly higher raw scores than AD
patients on nonparametric and parametric Total RD indices, the HD and AD groups had
comparable standardized scores on the parametric Total RD index (Graves et al., 2017). We
hypothesized that for individuals with AD, the impact of high FP rates on Total RD scores
may be inadvertently reduced when applying the parametric formula for Total RD (which
incorporates FP errors as a rate or probability by way of a ztransformed proportion), and
that the nonparametric formula (which incorporates FP errors as an absolute proportion or
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percentage) may more fully account for significantly elevated FP rates that are often
observed in individuals with AD. In the present study, we conducted an exploratory analysis
in which we combined (a) the HD-mild and HD-mod groups as well as (b) the AD-mild and
AD-mod groups to mirror the sample of HD and AD patients from our previous study (note:
there is some overlap between the two study samples, although the present AD sample is
substantially larger than the previous AD sample). In this analysis, we found that the HD
group exhibited significantly higher raw scores than the AD group on nonparametric and
parametric Total RD indices, whereas the HD and AD groups showed comparable scaled
scores on both Total RD indices, congruent with the results of our previous study. Notably,
results from the primary analysis of raw scores on Total RD indices in particular suggested
that, when assessed using the nonparametric method, performance was significantly higher
in HD than in AD among individuals in mild and moderate stages of dementia; however,
when assessed using the parametric method, HD and AD differences were only observed
among individuals in the mild stage of dementia. These findings support our hypothesis that
the nonparametric formula for Total RD may more fully account for high FP rates to yield
more accurate assessments of Total RD in those who are prone to significantly elevated FP
rates, including individuals with AD in the moderate stage of dementia. Moreover, just as FP
errors were more strongly correlated with nonparametric Total RD scores than with
parametric Total RD scores in the AD group in our previous study, HD and AD group
differences on FP errors in the present study more closely corroborated group differences on
the nonparametric Total RD index than group differences on the parametric Total RD index
(see Table 2). This finding further suggests that relative to the parametric Total RD index,
the nonparametric Total RD index may more fully account for high FP rates and,
accordingly, be more sensitive to HD and AD differences in yes/no recognition.

Future Directions, and Other Considerations

The present study is not without limitations. We acknowledge that a number of demographic
and clinical characteristics are typically used to distinguish HD from AD. However, the
present findings help to enhance the distinction between the memory disorders associated
with HD and AD, and may apply to the assessment of memory disorders associated with
other neurodegenerative conditions (such as others involving primarily subcortical-frontal or
medial-temporal involvement). Moreover, it may be useful to examine the incremental utility
of the nonparametric (versus parametric) Total RD index relative to other CVLT-3 variables
in distinguishing between individuals with HD versus AD. Furthermore, while the present
study utilized a cross-sectional design and there were no observed group differences
between individuals in mild versus moderate stages of dementia among those with HD or
those with AD, it may be useful to examine and compare nonparametric and parametric
Total RD scores and their correlations with functional status while tracking the course of
neurodegenerative processes in HD and AD across the wider spectrum of mild to severe
impairment.

The literature suggests that many individuals with HD or AD are affected by depression
(Alzheimer’s Association, 2019; Paulsen et al., 2005). The present study was conducted
using archival data and we did not have access to information regarding the number or
proportion of participants in the sample who carried a diagnosis of a mood disorder.
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However, we encourage future studies to examine or account for potential influences of
mood on cognition in HD or AD more closely. We also acknowledge that sample size
(particularly that of HD participants with moderate dementia) may impact the
generalizability of our findings. Additionally, as we compare our present findings to those
we reported in our previous work (Graves et al., 2017), it is worth noting that the CVLT-3
scaled scores we examined in the present study corrected for age, whereas the CVLT-II
standardized (z-) scores examined in our previous study corrected for age and gender (note:
controlling for gender would not have significantly impacted results in the present study).
Finally, while we must acknowledge that clinical judgments about recognition memory and
other aspects of cognitive function are often based on standardized scores, the present
findings highlight that examining raw scores (in addition to standardized scores) may
provide useful information. We encourage readers to take the issues noted above into
consideration when interpreting the present results.

Although the memory profiles of HD and AD have been well characterized, the present
findings provide further evidence that the degree to which yes/no recognition is shown to
differ between these populations may depend on the manner in which FP errors are
incorporated into assessments of yes/no recognition. Of note, the CVLT-3 nonparametric
Total RD index — in more fully accounting for high FP rates — may be more sensitive than
the parametric Total RD index to HD and AD differences in yes/no recognition across mild
and moderate stages of dementia. The present results bolster our previous findings and
highlight the utility of examining nonparametric (in addition to parametric) Total RD on the
CVLT-3 in assessments and comparisons of yes/no recognition involving clinical
populations that are prone to high FP rates.
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Table 1.

Frequency, mean (standard deviation), and percentage values on demographic variables and Dementia Rating
Scale (DRS)/DRS-2 scores in the Huntington's disease-mild (HD-mild), Huntington's disease-moderate (HD-
mod), Alzheimer's disease-mild (AD-mild), and Alzheimer's disease-moderate (AD-mod) groups.

Variable HD-mild HD-mod AD-mild AD-mod
n 39 16 25 27

Age 49.62 (11.55) 50.00(12.22) 7528 (4.84)  78.67 (5.02)
% Female 66.67 56.25 40.00 33.33
Education 14.15(2.32)  14.19(2.29) 1544 (2.89)  15.22(3.39)

DRS/DRS-2 Total  129.36 (5.29) 113.31(6.72) 126.88 (3.79) 112.70 (4.11)
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