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Abstract

We present neuropsychological data from an 81-year-old individual who was followed over a six-
year period, initially as a healthy control participant. She performed above age-adjusted cutoff
scores for impairment on most neuropsychological tests, including learning and memory
measures, until the final assessment when she received a diagnosis of probable Alzheimer's
disease (AD). Despite generally normal scores on individual cognitive tests, her cognitive profile
revealed increasingly large cognitive discrepancies when contrasting verbal versus visuospatial
tasks, and complex versus basic-level tasks. The present case provides intriguing evidence that
cognitive-discrepancy measures could improve our ability to detect subtle changes in cognition at
the earliest, preclinical stages of AD.

Keywords
Alzheimer's disease; Neuropsychology; Cognition; Discrepancy; Preclinical

Introduction

Identifying cognitive markers of a preclinical phase of Alzheimer's disease (AD) has been a
major research focus in neuropsychology. This line of study is important both scientifically

for increasing our understanding of the earliest effects of this neurodegenerative process,
and clinically for individuals who may benefit from pharmacological, environmental,
behavioral, and long-term planning interventions (Akaike, 2006; Allain, Bentue-Ferrer,
Gandon, Le Doze, & Belliard, 1997; Giovannetti et al., 2007; Miguel-Hidalgo, Alvarez,
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Cacabelos, & Quack, 2002; Morrison et al., 2005; Vajda, 2002). Memory deficits are
arguably the most frequently identified cognitive markers for AD, and they also constitute a
primary diagnostic criterion for amnestic mild cognitive impairment (Petersen, 2004).
However, individuals in prodromal stages prior to a dementia diagnosis often demonstrate
heterogeneous cognitive deficits sometimes without significant memory deficits (Backman,
Jones, Berger, Laukka, & Small, 2004), which poses a diagnostic challenge for clinicians.
Recent studies of preclinical AD (Pre-AD) have documented a range of subtle changes in
cognitive domains in addition to learning and memory, including executive functions,
processing speed, working memory and attention, and visuospatial skills (Chen et al., 2001,
Greenwood, Sunderland, Friz, & Parasuraman, 2000; Jacobson, Delis, Bondi, & Salmon,
2005a; Jacobson et al., 2005b; Twamley, Ropacki, & Bondi, 2006). Other studies have
failed to identify a distinct or consistent pattern of cognitive deficits in Pre-AD (Goldman et
al., 2001) resulting in a closer examination of the characterization and classification of
preclinical and prodromal periods of AD (Dubois et al., 2007). Even the hallmark signs of
insidious onset and gradual cognitive decline have been questioned, as some studies describe
a plateau period with largely preserved cognition, followed by a rapid decline just prior to an
AD diagnosis (Small, Fratiglioni, & Backman, 2001).

Not surprisingly, no single test or cognitive domain has proven sufficient for identifying the
majority of individuals in the earliest, preclinical stages of AD (Albert, Blacker, Moss,
Tanzi, & McArdle, 2007; Backman et al., 2004; Chen et al., 2000; Lopez et al., 2006).
Cognitive markers like delayed-recall that have been investigated in large-scale studies do
not always translate into accurate diagnosis at the individual-patient level (Ivnik et al.,
2000), particularly when “atypical’ cognitive profiles emerge. Consequently, case studies
that characterize less frequent phenomenon (Godbolt et al., 2005) promise to make
important contributions to identifying clinical characteristics of Pre-AD.

In the current study, we present an individual (DH) who was medically and cognitively
healthy and followed annually as an elderly control participant over a six-year period before
a rapid cognitive decline resulted in an AD diagnosis. The results of annual cognitive testing
are inherently valuable, given the scarcity of comprehensive longitudinal data in a
documented preclinical phase. This case also illustrates another potentially important feature
of Pre-AD: the possibility that significant cognitive discrepancies exist during an
asymptomatic period when overall cognitive performance is above a cutoff-level of
impairment. In a recent series of studies, we have used cognitive-discrepancy analyses to
identify normal-functioning elderly subgroups with subtle cognitive changes that may herald
the onset of AD (Houston et al., 2005; Jacobson et al., 2005a, 2005b; Wetter et al., 2005,
2006). We have suggested that inconsistent findings in the search for preclinical cognitive
markers could reflect the use of central-tendency analyses of single test scores that were not
sensitive to the presence of subgroups within the larger, at-risk elderly group. For example,
both AD and Pre-AD subgroups have been identified with disproportionate impairment in
verbal relative to spatial skills (or vice versa) (Albert, Duffy, & McAnulty, 1990; Demadura,
Delis, Jacobson, & Salmon, 2001; Finton et al., 2003; Martin, 1990; Massman & Doody,
1996; Strite, Massman, Cooke, & Doody, 1997). It follows that cognitive-discrepancy
analyses contrasting two domains may be superior to central-tendency analyses of each task
individually for identifying asymmetric deficits, particularly in Pre-AD.

For example, Jacobson, Delis, Bondi, and Salmon (2002) investigated verbal/spatial
discrepancies in cognitively intact, community-dwelling elderly participants, half of whom
showed a subsequent decline in cognition and conversion to an AD diagnosis. When test
scores were examined two years prior to the cognitive decline, performance discrepancies
between the Boston Naming Test (Kaplan, Goodglass, & Weintraub, 1983) and Block
Design subtest (Wechsler, 1981) revealed that the subgroup who would later convert to an
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AD diagnosis had significantly greater cognitive-discrepancy scores. Importantly, these
discrepancies existed despite the groups obtaining comparable scores on each measure when
examined individually. Similar results were also found in older adults genetically at-risk for
AD because of the Apolipoprotein E4 allele (ApoE-e4) using discrepancy scores derived
from verbal versus spatial tests of attention (Jacobson et al., 2005a), global versus local
memory task (Jacobson et al., 2005b), and verbal versus design fluency (Houston et al.,
2005). Discrepancy scores derived from higher-level versus more basic tasks within the
same modality (i.e., verbal memory versus vocabulary) (Wetter et al., 2006) were found to
be effective for distinguishing elderly individuals with a higher genetic risk for AD.

We present a case study that examines neuropsychological tests data from an elderly
individual who had intact cognitive abilities initially, but whose test performances also
suggested emerging cognitive discrepancies over the six-year period prior to a diagnosis of
probable AD diagnosis. Our goal was to apply our previous methodologies to this
individual's annual cognitive assessments to determine if cognitive-discrepancy scores
would be sensitive to subtle declines in DH's cognitive functioning during a ‘plateau’ period
in which most test scores were within normal limits. We highlight cognitive-discrepancy
scores because they can potentially identify intra-individual changes that might not be
apparent in a single, norm-referenced test score (Bondi et al., 2008).

Case Study

Methods

DH is a right-handed, Caucasian woman with two years of college education who was one
of approximately 30 participants recruited as a healthy control participant through the UCSD
Alzheimer's Disease Research Center (ADRC) for a study of executive functions in older
adults. In addition to comprehensive neuropsychological assessments, she received annual
neurologic and psychosocial evaluations to confirm stable physical and emotional health, as
well as functional independence. We followed this participant for 6 years beginning at age
81. At the fifth assessment, DH reported symptoms consistent with mild depression, she
received a working diagnosis of pseudodementia, and she was referred for neuroimaging
studies. At the sixth assessment (age 86), DH complained of subjective changes in her
memory ability and some functional impairment in activities of daily living. The assessment
at this time revealed moderately impaired performance on memory tests and in multiple
cognitive domains, and she subsequently received a consensus diagnosis of probable AD.
Prior to this time, DH was living independently, had no obvious impairment in her daily
activities, and met standard ADRC criteria for participation as a normal control subject,
which excluded individuals with a history of significant neurologic or psychiatric disorder,
alcohol or substance abuse or dependence, traumatic brain injury with loss of consciousness,
stroke, learning disability, or use of medications that impair cognition. DH was initially in
an asymptomatic, preclinical stage of AD according to recent diagnostic criteria (Dubois et
al., 2007). Subsequent MRI confirmation of medial temporal lobe atrophy was followed by a
brief, prodromal period when cognitive and functional deficits became apparent, until she
finally met criteria for a probable AD diagnosis after the final, sixth assessment.
Apolipoprotein E genotyping had been completed using the method described in previous
studies (Corder et al., 1993) and indicated an Apolipoprotein E status of e3/3. She completed
a UCSD IRB-approved informed consent process prior to the assessments.

Neuropsychological assessment

Trained psychometrists using standardized test procedures supervised by a
neuropsychologist administered all cognitive tests. In addition to an annual
neuropsychological test battery (see Salmon et al., 2002), we administered several additional
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tests to measure cognitive discrepancies based on our previous studies cited above. Table 1
provides a description of DH's cognitive test results, and Table 2 details specific test
variables and normative information used to calculate cognitive-discrepancy scores in the
present study. Specifically, we examined three cognitive discrepancies that contrast
differential declines in tasks that are more verbally mediated relative to tasks that are more
non-verbally or spatially mediated (Bisiacchi, Borella, Bergamaschi, Carretti, & Mondini,
2008; Jacobson et al., 2002). We also examined four discrepancies between a complex
higher-level cognitive skill and a corresponding basic-ability skill in the same domain. Tests
were selected to contrast an ability that is likely to be resilient (e.g., vocabulary ability) with
an ability considered to be more vulnerable to a dementing process (e.g., verbal memory).

For most comparisons, cognitive-discrepancy scores were calculated by first converting raw
scores to z-scores based on archival data from a cohort of older, normal control participants
from the UCSD ADRC with a range of age and education similar to DH. This group met
normal control criteria, and had a minimum of 4 consecutive annual neuropsychological and
neurologic examinations without a significant cognitive decline or change in diagnosis. The
resulting group (n = 28) had a mean age of 82.1 (SD = 2.1), and education range from 12 to
18 years, mean = 15.4 (SD = 2.5). Because DH received executive function tests that were
not administered to the ADRC group, we calculated some z-scores from the D-KEFS
normative database (Delis & Kaplan, 2001), using the age-adjusted scaled scores for
calculation of z-scores [cohort age range was 80-89; n = 100; mean (SD) educational level
of 12.06 (2.54) years].

Overall cognitive functioning

Based on her ANART score, DH had an estimated premorbid Verbal 1Q in the high average
range, consistent with her previous level of education and occupation as a teacher. On a
screening measure for dementia, her initial performance was in the above-average range
(Mattis Dementia Rating Scale total = 138 points; age-scaled score 60-81%ile) and declined
to average, then low-average range (132 points; 24-40%ile) at her final two assessments.
Her MMSE total scores remained within normal limits (29-27 points) during all six
assessments.

Table 2 summarizes DH's longitudinal neuropsychological test scores (raw and standardized
z-scores). With a few exceptions (confrontation naming at the fourth assessment), her
performances on individual tests in most domains (language, psychomotor speed,
visuoconstruction, attention and working memory, executive functioning) were above
typical cutoff levels for impairment (i.e., >1.5 SD below age-adjusted means) relative to the
normative group. Her performances on the most commonly used indicators of Pre-AD such
as the CVLT long-delay recall scores did not decline into an impaired range (—1.5 SD below
the normative group mean) until the final assessment prior to her AD diagnosis. For all six
evaluations, her scores were at or above the average range relative to the normative
comparison group on all other memory measures including the Wechsler Memory Scale-
Revised, Logical memory delayed recall, Heaton Visual Reproduction Test delayed recall,
DRS memory subscale, and CERAD verbal recall.

Cognitive discrepancies: Verbal versus Spatial tasks

Figure 1 shows cognitive-discrepancy scores derived from an auditory attention test (WAIS-
R Digit Span subtest) relative to a visual attention test (Visual Scanning condition of the
DKEFS Trail Making Test). Her auditory attention span remained within the average to low-
average ranges while her visual attention ability was within normal limits for her age. In
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contrast, there were cognitive discrepancies greater than 1 SD in four of the six assessments
despite relatively unimpaired performance on each task individually.

Figure 2 shows DH's performance on the Boston Naming Test (BNT) relative to the Block
Design subtest of the WAIS-R (BD) across six years of testing. Although her naming ability
showed a gradual decline, her performance did not reach a consistent level of impairment
until the final two assessments. Her block construction skills remained stable, at or above
the average range throughout this period. However, cognitive-discrepancy score analyses
showed a greater than 1 SD discrepancy between BNT and BD z-scores in five of the six
annual assessments prior to her diagnosis change, with increasing discrepancies over time.

Figure 3 shows cognitive-discrepancy scores comparing the CVLT long-delay free recall
condition relative to the delayed recall condition of the Visual Reproduction subtest (Heaton
version [HVRT]). Her non-verbal recall remained in the average to high average range for
all six assessments relative to a gradual decline in her verbal recall ability. However, her
CVLT delayed-recall scores remained above a level of mild to moderate impairment until
one year prior to her AD diagnosis. Her cognitive-discrepancy scores steadily increased over
time, yielding a 1 SD difference between verbal/visual recall in four of six assessments.

Cognitive discrepancies: Executive function and Memory tasks

We examined verbal fluency discrepancies using three conditions of the D-KEFS Verbal
Fluency test: Letter Fluency (average of F, A, and S), Category Fluency (animals and boy's
names) and Category-Switching (alternating fruit and furniture words); see Figure 4. Her
test scores demonstrated consistently above-average and stable performance on letter
fluency relative to a gradual decline on the two types of category-fluency tasks. The
cognitive-discrepancy scores between letter and category-switching fluency was greater than
1 SD in all six assessments.

We used the D-KEFS Trail Making Test to examine discrepancies between complex
visuomotor sequencing/shifting ability, and a basic-skill task requiring visuomotor speed
(tracing a line between a series of circles with no letters or numbers; see Figure 5). While
DH's performance on the basic-ability task remained stable (and within normal limits), her
scores on the Number/Letter Switching showed considerable variability, eventually
declining into the impaired range. Her cognitive-discrepancy scores reflected a 1 SD
difference between complex and basic-skill tasks on three of six assessments.

DH's performance on four conditions of the DKEFS Color/Word Interference Test (CWIT)
is shown in Figure 6. A basic-skill composite measure was computed as the average of the
Color Naming (CN) and the Word Reading (WR) conditions. The complex skills consisted
of (a) interference-only condition (traditional Stroop test), and (b) the interference/shifting
condition (switching between naming the dissonant ink-color and reading the dissonant
word). Cognitive-discrepancy scores between basic-skill and interference-only measures
were greater than 1 SD in two of six assessments. However, the cognitive discrepancy score
using the more difficult interference/shifting paradigm resulted in a greater than 1 SD
discrepancy relative to the basic-skill measure (mean of CN & WR) in five of six
assessments, largely the result of declining scores on the two complex CWIT conditions.

We examined the participant's discrepancy between basic word knowledge (WAIS-R
Vocabulary subtest) and complex verbal learning ability (CVVLT learning trials; total for
trials 1-5) (see Figure 7). DH showed a significant cognitive discrepancy between her word
knowledge and her total verbal learning ability on three of the six assessments prior to her
diagnosis change. She exhibited a gradual decline in verbal learning ability, relative to stable
and average to above-average performance on the Vocabulary task.
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Figure 8 summarizes the pattern of the two types of cognitive-discrepancy scores across six
assessments. We plotted the average of the combined cognitive discrepancy scores (z-score
differences) for each assessment for all verbal/spatial discrepancies (Figure 8a), and for all
complex/basic-skill discrepancies (Figure 8b). We fitted two linear trend lines to these data,
which indicated positive slopes over time for verbal/spatial discrepancies (y =.391) and
complex/basic-skill discrepancies (y = .387), suggesting an overall increase in cognitive-
discrepancy scores as D.H. approached an AD diagnosis.

Neuroimaging

The participant underwent structural magnetic resonance imaging (MRI) following the fifth
assessment, one year prior to a change in diagnosis to probable AD. High-resolution
anatomical images were acquired using a T1-weighted fast-spin echo (SPGR) at a 1.5-Tesla
GE MRI scanner (TR =24 ms, TE =5 ms, flip angle = 45 degrees, FOV =24 cm, 1.2 mm
contiguous sections). Selected axial and coronal slices reveal asymmetric atrophy in medial
temporal regions (Figure 9a), particularly in the left hemisphere. The neuroradiologist's
impressions described generalized cortical atrophy greater in temporal lobe regions,
ventricular enlargement, and no indication of significant ischemic changes, tumor or mass.
A 3-dimensional reconstruction (Bigler et al., 2002) of the T1-weighted image is also
depicted (Figure 9b) to illustrate cortical atrophy and ventricular enlargement.

Discussion

The present case illustrates the diagnostic challenges inherent in identifying preclinical AD
when an individual's cognitive profile lacks many of the typical hallmarks of this phase.
Despite an eventual diagnosis of probable AD after the sixth year of participation, none of
the first four assessments would justify an MCI diagnosis: her performances on most
individual cognitive tasks, including memory tests, were within or above the average range,
she was living independently, and she had no subjective memory complaints until the final
assessment. With few exceptions (e.g., naming ability at the fourth assessment), her
performances on individual neuropsychological tests remained above a level of impairment
until the final year. Discrepancy scores have been used in many contexts as a means of
identifying subtle declines in cognitive skills relative to those that are more resilient to a
neurodegenerative process or dementia (Dori & Chelune, 2004; Finton et al., 2003; Ivnik et
al., 2000; Wilde et al., 2001). Analysis of DH's intra-individual differences revealed a
consistent pattern of cognitive discrepancies that may have signaled an impending decline
despite generally intact performances on individual tasks. DH's complex versus basic-level
task discrepancy scores reflected stable performance on more fundamental task components
in the face of mild declines in executive function or memory abilities. Her verbal versus
non-verbal discrepancies reflected an asymmetric decline in largely verbally mediated tasks.

Although the majority of DH's discrepancy scores reflected at least a 2 SD difference by the
final assessment, the question arises as to what constitutes an atypical discrepancy? There is
a considerable body of literature addressing the question of clinical versus statistical
significance of cognitive discrepancies (Crawford & Garthwaite, 2005; Crawford,
Garthwaite, & Gault, 2007; Lange & Chelune, 2006; Lange, Chelune, & Tulsky, 2006). A
commonly used criteria considers a discrepancy ‘unusual’ or significant if it occurs in less
than 10% of the population (Hawkins & Tulsky, 2001; Kramer et al., 2006), although
methods for discrepancy score calculations vary. Fortunately, many tests now incorporate
discrepancy measures (e.g., CVLT-II, WAIS-III, D-KEFS, Warrington Recognition
Memory Test) as standardized variables, although base rate information is not always
available. Chelune, Holdnack, and Levy (2006) examined D-KEFS normative data and
found that a letter-category fluency scaled-score discrepancy of +3 occurs in 10% of the
sample (with 13-15 years of education). By comparison, DH's letter-category fluency
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discrepancy (at age 82) showed a scaled score difference of 5, with a contrast scaled score of
15 (95" percentile rank) based on her same age peers in the D-KEFS sample. In addition to
the discrepancy magnitude, the frequency of significant discrepancies is also a
consideration. A pattern of large, recurring discrepancies that are internally consistent may
provide more convincing evidence of impending cognitive decline than a single, isolated
discrepancy. For example, three significant discrepancy measures occurred in 2% of the in
the CVLT-II normative sample, while a single significant discrepancy occurred in 22% of
the sample (Donders, 2006). Finally, discrepancy scores vary by 1Q and education with
higher functioning individuals exhibiting larger discrepancies, so the use of stratified norms
will prove important for accurate interpretation (Hawkins & Tulsky, 2001).

A longitudinal review of DH's performance offers some evidence for a sub-clinical decline
on certain tests, although neuropsychologists in clinical practice rarely have the benefit of
examining six consecutive annual assessments. The current case underscores some of the
benefits afforded by serial assessments in individuals who have high premorbid abilities.
Cognitive impairment can be masked in these individuals because declining scores remain
above norm-based cutoff scores (Mitrushina & Satz, 1991) as was seen in DH's case. Her
test scores eventually indicated a very rapid decline in the two years prior to her conversion
to a probable AD diagnosis, and may be representative of a subgroup of patients whose
disease onset begins with a plateau period followed by a precipitous rate of cognitive decline
(Small & Backman, 2007; Smith et al., 2007). The abrupt decline also was concurrent with
subjective reports of emational changes. The emergence of depression and anxiety has been
documented as a common feature associated with symptoms of dementia (Potter & Steffens,
2007), perhaps contributing to both subjective complaints and objective deficits (van Norden
etal., 2008).

DH's cognitive profile may be characteristic of individuals with greater ‘cognitive reserve’
who are less likely to exhibit obvious cognitive deficits on individual tests until
neurodegenerative changes overwhelm ‘compensatory’ strategies (Riis et al., 2008; Tuokko,
Garrett, McDowell, Silverberg, & Kristjansson, 2003). However, it is possible that her
putative cognitive resilience was reinforced by repeated testing. Confirmation of significant
change in neuropsychological test scores is a complex issue. Interpreting change in
difference scores has additional considerations, as differential practice effects of the two
component tasks could serve to either mask or accentuate performance discrepancies.
Detailed studies of practice effects in older adults typically show either stable or improved
performance on subsequent testings (Hickman, Howieson, Dame, Sexton, & Kaye, 2000;
Paolo, Troester, & Ryan, 1997) with the most significant performance gains occurring at the
second testing occasion (lvnik et al., 1999). Thus, practice effects could have contributed to
the attenuation of cognitive discrepancy scores in the second year. Drawing firm conclusions
about significant change is ultimately enhanced with the use of reliable change indices
(Ivnik et al., 1999) and confidence interval estimates which require information about
measurement error, reliability estimates, standard error of difference, and test
intercorrelations (that are not always readily available). Theoretically, verbal/spatial
discrepancies would be more prone to practice effects than would complex/basic-skill
discrepancies because many performance based tasks (e.g., Block Design) show greater
improvement on re-test relative to verbal tasks (Theisen, Rapport, Axelrod, & Brines, 1998).

Additional limitations of discrepancy scores can be attributed to psychometric measurement
issues, as the reliability of a contrast measure will typically be lower than either of the
contributing test variables (Woods et al., 2005). Recently published data on D-KEFS
contrast measures showed reliability ranging from r = .43 (color/word naming vs. switching/
interference) to r = .66 (letter vs. category fluency (Crawford, Sutherland, & Garthwaite,
2008). Discrepancy scores also can be influenced by relative differences in the sensitivity
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and difficulty of the component tasks, differences in score distributions, and floor or ceiling
effects (Cherry, Buckwalter, & Henderson, 2002; Orsini, Trojano, Chiacchio, & Grossi,
1988). Finally, the use of tests that quantify more discrete components of a cognitive domain
(e.g., evaluating types of semantic memory rather than general semantic knowledge)
(Ahmed, Arnold, Thompson, Graham, & Hodges, 2008) could improve sensitivity to
prodromal changes compared to discrepancy scores that are based on variables from multi-
factorial cognitive tests.

The presence of cognitive discrepancies in multiple domains could represent another early
indicator of an incipient decline in functioning. Prior research has shown that cognitive
discrepancies greater than 1 SD were more frequent in older individuals who ultimately
developed AD (Jacobson et al., 2002), and in elderly groups at increased risk for AD
(Jacobson et al., 2005a,b). Several of our previous studies examining cognitive discrepancies
in older adults have shown that only 10-20% of older adults (over age 65) who do not have
an increased genetic risk for AD (ApoE-e4 allele) show a greater than 1 SD discrepancy
between verbal/spatial tasks or complex/basic-level tasks. In contrast, 40-55% of those with
increased ApoE-e4 genetic risk had large discrepancies (Houston et al., 2005; Jacobson et
al., 2005a,b; Wetter et al., 2005), a ratio that is consistent with other studies of AD subjects
with asymmetric cognitive functioning (Massman & Doody, 1996; Strite et al., 1997). A
significant caveat to the use of cognitive discrepancies is the possibility of premorbid
asymmetries in individual examinees. However, a recent study of cognition in middle-aged
twins who were at increased genetic risk for AD due to ApoE-E4 genotype found larger
verbal/non-verbal cognitive discrepancies relative to those without the E4 genetic risk
(Schultz et al., 2008). Cognitive discrepancies have been documented in the early stages of
AD as well (Delis et al., 1992; Demadura et al., 2001; Finton et al., 2003; Massman &
Doody, 1996).

Most of DH's discrepancy scores resulted from declining scores on tasks with a substantial
verbal component, a profile often associated with greater left hemisphere compromise (Ott
et al., 2000). Consistent with such profiles, DH's MRI findings after her fifth assessment
revealed atrophy in brain regions most likely to be impacted by AD-related
neurodegeneration, particularly in medial temporal regions of the left hemisphere. Some
studies suggest that verbal/spatial discrepancies reflect asymmetric changes in brain
functions (Delis et al., 1992; Haxby et al., 1990), brain structures (Finton et al., 2003;
Soininen et al., 1994), or brain metabolism (Franceschi et al., 1995). It should be noted,
however, that the intermediate stages of progression to an AD diagnosis are likely to be
heterogeneous both in terms of cognition and sites of neuropathology, particularly in
individuals with multiple deficits (Mariani, Monastero, & Mecocci, 2007; Troster, 2008).
Rather than lateralized changes in brain structure and function, cognitive discrepancies—
particularly complex versus basic-ability contrasts—could reflect a more general disruption
of neural networks (Parasuraman & Martin, 1994). Recent studies suggest that early AD is
characterized by the loss of cortico-cortical projections that facilitate interactions of multiple
brain regions (Andrews-Hanna et al., 2007), which would likely result in greater deficits in
higher-level, executive functions relative to more fundamental cognitive abilities. The base-
rates for structural brain asymmetry in Pre-AD require sample sizes that are only possible
with large, multi-site neuroimaging studies.

In conclusion, some individuals without significant memory impairment, and with generally
normal performance on individual cognitive tests, may nevertheless be in a preclinical phase
of AD. In some situations, cognitive-discrepancy scores may be more sensitive than
individual test scores for identifying preclinical AD, because they highlight intra-individual
changes in cognitive skills (Storandt, Grant, Miller, & Morris, 2006). The present case
suggests that serial assessments and the unfolding of cognitive discrepancies over time may
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improve detection of subtle cognitive changes in individuals with high premorbid ability
who are at the earliest, preclinical stages of AD.
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Figure 1.
Visual Scanning versus Verbal Attention Span Discrepancies: D-KEFS Visual Scanning
with Mildly Impaired Digit Span Scores.
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Figure 2.
Visuoconstruction versus Verbal Naming Discrepancies: Stable Block Design Scores with
Declining Boston Naming Scores.
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Figure 3.
Visual Recall versus Verbal Recall Discrepancies: Increasing Discrepancy between HVRT
and CVLT Long-delay Recall Scores.
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Figure 5.
Trail Making Test Discrepancies: Stable Basic Motor, Sequencing Skills with Variable

Performance and Deficits in Shifting Condition.
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Figure 6.
Stroop Discrepancies: Color/word Naming Scores and Traditional Stroop Scores with

Impaired Interference/Switching Condition.
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Scatterplot and Trend Lines: Increasing Longitudinal Discrepancies in (a) Verbal/Spatial
Discrepancies and (b) Basic-ability/Complex Task Discrepancies.
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Figure 9.
Selected T1-weighted MRI scan: (a) images highlighting left temporal atrophy and (b) 3D
cortical reconstruction with ventricular system.
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Tests and variable descriptions used for cognitive discrepancy analyses

Verbal/spatial discrepancy

Verbal test

Non-verbal test

Verbal naming vs. visuoconstruction

Verbal vs. non-verbal attention

Verbal vs. non-verbal memory

Basic skill versus Complex task Discrepancy

Boston Naming Test! 30 item short
form: total spontaneous correct

Digit Span subtest! (WAIS-R) total
correct forward/backward

California Verbal Learningl Test:
total words recalled on Long-delay
free recall

Basic skill task

Block Design subtest? (WAIS-R): total points
including time bonus

D-KEFS Trail-making testZ: seconds to completion

Heaton Visual Reproduction1 Test: total points
delayed recall of designs

Complex skill task

Psychomotor speed vs. Sequencing/set-shifting
(D-KEFS Trail-making test) 2

Color/Word naming vs. Inhibition & set-
shifting (D-KEFS Color Word Interference

Test)2

Phonemic vs. Semantic fluency (D-KEFS
Verbal Fluency Test)2

Vocabulary vs. verbal list learning

motor speed condition (secs. to
completion)

average of color naming & color
word reading (secs. to completion)

letter fluency: total words (‘F, A, S°)
in 60 secs.

Vocabulary subtest? (WAIS-R) total
pts.

a.  average of letter & number sequencing
conditions

b.  letter/number sequencing shifting
condition
a.  interference condition

b.  color word interference/set shifting
condition

a.  category fluency animals, boys names

b.  category shifting vegetables/furniture
CVLT learning trials? (total trials 1-5)

Notes: z-Scores based on normative information from these sources:

1UCSD ADRC age-corrected norms (ages 80-87; n = 18); see Salmon et al. (2002).

2

D-KEFS age-corrected norms (80-89 years, n = 100). (Delis & Kaplan, 2001).
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TABLE 3

Verbal vs. spatial discrepancies: Mean (SE), frequency and range over six years
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Mean (SE) z-score
discrepancy

# Years with >1 SD
z-score discrepancy

Minimum and
maximum z-score
discrepancy

Cognitive Discrepancy: Verbal vs. Spatial Task Comparisons

Naming (BNT) vs. Visuoconstruction (BD) 2.56 (.72)
Auditory Attention (DS) vs. Visuospatial Attention (VS) 1.38(.13)
Verbal Recall (CVLT) vs. Visuospatial Recall (HVRT) 1.47 (41)
Basic-level Task vs. Complex Skill Comparisons
Letter (LF) vs. Category Fluency (CF) 1.89(.31)
Letter vs. Category-Shifting Fluency (CSF) 2.71(.23)
Motor Speed (MS) vs. Number/Letter Sequencing & Shifting (SS) 1.05 (.36)
Color Naming & Word Reading (CNWR) vs. Color/Word 0.73 (.33)

Inhibition only (CWIT)

Color Naming & Word Reading (CNWR) vs. Inhibition & Shifting ~ 2.39 (.60)
(CWITS)

Vocabulary (VOC) vs. Verbal Learning Trials (CVLT1-5) 1.40 (.42)

5/6
5/6
4/6

5/6
6/6
3/6
216

5/6

3/6

0.85-5.26
1.0-1.66
0.31-3.04

0.67-2.66
1.99-3.66
0.25-2.66
0-1.66

0-3.33

0.05-2.90

Abbreviations: BNT, Boston Naming Test; BD, WAIS-R Block Design subtest; DS, WAIS-R Digit Span subtest; VS, Visual Scanning condition
D-KEFS Trail Making; CVLT, California Verbal Learning Test Delayed Recall; HVRT, Heaton Visual Reproduction Test— Russell version
(Russell, 1975); LF / CF / CSF, D-KEFS Verbal Fluency: Letter / Category / Category Shifting; MS / SS, D-KEFS Trail Making Motor Speed /
Sequencing and Shifting; CNWR, D-KEFS Color Word Interference Test combined Color and Word reading; CWIT, D-KEFS Color Word
Interference Test-Interference condition; CWITS / Interference Shifting condition; VOC, WAIS-R Vocabulary subtest; CVLT1-5, California

Verbal Learning Test Learning Trials 1-5.

Neurocase. Author manuscript; available in PMC 2010 May 24.



