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Abstract: The ability to predict which individuals with mild cognitive
impairment (MCI) will eventually devdop Alzheimer®@ disease (AD) would be a
valuable dinical todl. This study aimed to predict conversion from MCI to AD
within two yearsusing baselineneuropsychologicaheasuredgrom 49 individuals
with amnesticMCI. Stepwisediscriminant function analysisincluding Dementia
Rating Scale Initiation/Perseveration and Wechsler Memory Scale, 3rd Edition,
Visual Reproduction Percent Retention scores correctly classified risk for
conversion to AD in 85.7% of the sample, identifying them as either M CI
Nonconverters or AD Converters. Establishing cutoff scores bdow 37 for DRS
Initiation/Perseverationand below26 for Visual ReproductionPercentRetention
correctly classifiedd7.8% of the sampleas MCI Nonconvertersor AD Converters
with regardto risk for conversiorto AD. Theseesultssuggesthat commonlyused
neuropsychological measures possess the predictive ability to determine risk of
conversion to dementia in MCI patients within 1-2 yearsO time.

INTRODUCTION

Mild cognitive impairment (MCI) is often considered a prodrome to the
diagnosis of dementia, particularly Alzheimer@® disease (AD) [1]. The
implementation of Mayo diagnostic criteria for MCI in clinical practice has
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proven useful in identifying individuals at risk for eventual conversion to
AD. These criteria, including, 1) subjective complaint of memory
impairment, 2) psychometric evidence of memory loss, 3) normal function
in other cognitive domains, 4) normal activities of daily living (ADLs), and
5) no diagnosis of dementia, have identified a clinical population that
converts to a diagnosis of dementia at a rates of approximately 15-20%per
year [1, 2], although rates vary somewhat across studies. These conversion
rates demonstrate that a significant number of individuals with MCI do not
convert to AD [2], indicating the need for a method of risk identification
above and beyond diagnosis of MCI. Despite the need to identify patients
with MCI at risk for dementia, few clinical techniques have proved useful
predictors of dementia risk. One potentially useful clinical tool for
identifying dementia risk is neuropsychological testing. Prior
neuropsychological investigations have demonstrated that measures of
immediate and delayed memory [3, 4], mental control [3], and set-shifting
and sequencing [4] are useful in predicting conversion to dementia in older
persons with various memory disorders. However, no neuropsychological
investigation to date has examined these predictors in a patient group
identified by the Mayo diagnostic criteria.

The prior study described herein examined the clinical, demographic, and
neuropsychological predictors of conversion to probable AD in individuals
with MCI over a 2-year follow-up period [5].

METHODS
Participants & Procedures

Participants in this previously reported study [5] were 49 individuals
diagnosed with amnestic MCI based on Mayo criteria in the process of a
consensusdiagnostic conference between March 2000and September 2003,
and who had received at least one follow-up consensus diagnosis by
December 2004. All participants were drawn from the participant pool of
the Alzheimer® Disease Research Center (ADRC) at the University of
Alabama at Birmingham (UAB) and underwent a comprehensive medical,
neurological, and neuropsychological evaluation designed specifically to
detect cognitive impairment in older individuals. Baseline and follow-up
diagnoses were assigned by group consensusof three neurologists and two
neuropsychologists with expertise in diagnosing dementia and MCI.
Diagnostic outcomes of interest to the study were 1) Static amnestic MCI
(i.e., MCI Nonconverters), and 2) Conversion to AD (i.e., AD Converters).

Persons receiving a primary diagnosis of non-amnestic MCI were
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excluded from the study. Other exclusion criteria included suffering from a
potentially treatable form of dementia, another neurodegenerative disease,
another chronic debilitating neurological or physical illness, or conditions
expected to cause death within 1 year. Persons suffering from untreated
major depression (but not mild depression), any other severe psychiatric
disorder, and/ or severe behavioral problems were also excluded. Persons
receiving a Hachinski Ischemia Index score greater than 4 were excluded, as
scoresgreater than 4 indicate significant risk for cognitive problems related
to vascular changes.

RESULTS

The initial sample of 49 patients with MCI at baseline experienced an
annual rate of conversion to dementia of 17.11%.The resulting groups of 36
MCI Nonconverters and 13 AD Converters were compared on several
demographic, medical, and neuropsychological factors (See Table 1). All
participants received a baseline CDR staging score of 0.5 regardless of
follow-up diagnosis. The two groups were found to be equivalent on all
demographic factors, cognitive screening tests, and most medical factors.
However, there were more participants who were taking memory-
enhancing medications in the AD Converter group than the MCI
Nonconverter group (p < 0.001).

Baseline neuropsychological performance was compared between AD
Converters and MCI Nonconverters for significant differences at the p !
0.002 after Bonferroni correction for multiple comparisons. While no
measures reached significance at this level, several showed trends toward
significance at p < 0.01,including poorer performance by AD Converters on
DRS Memory, Visual Reproduction Il and Percent Retention, and DRS
Initiation/Perseveration (SeeTable). These 4 measureswere entered into a
discriminant function analysis (DFA) to determine whether group status
(MCI Nonconverter vs. AD Converter) at follow-up could be predicted
from baseline neuropsychological test scores. The DFA model was
significant (p < 0.001) and included DRS Initiation/ Perseveration (Step 1)
and Visual Reproduction Percent Retention (Step 2). This model had
predictive sensitivity of 76.9%and specificity of 88.9%,correctly classifying
85.7%of the MCI sample as either AD Converters or MCI Nonconverters.
Alternate models that included various medical and demographic factors
did not improve the predictive value of this initially derived model.
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Table 1
Comparison of Demographic, Clinical, and Neuropsychological Factors
Non-Converters Converters p value
(n=36) (n=13)
Age: Mean (SD) 67.86 (9.25) 70.15 (6.74) 418
Gender 742
Male 10 3
Female 26 10
Race .100
Caucasian 25 12
African-American 11 1
Education: Mean (SD) 13.33(2.08) 13.54 (1.94) .758
MMSE: Mean (SD) 28.47 (1.73)  28.25(1.36) .688
Geriatric Depression Scale: Mean (SD) 7.57 (4.58) 7.31(5.42) .867
AD Meds (Yes/No) 5/31 8/5 .001
Overall Cognition
DRS Total Score 133.42 (6.21) 128.54 (4.99) .014
Attention
DRS Attention 35.22 (1.50) 35.46 (2.03) .655
Digit Span Total 15.06 (3.56) 15.85 (4.12) .514
Spatial Span Total 12.61 (3.24) 12.00 (2.97) .554
Letter-Number Sequencing 8.44 (2.26) 7.85 (3.08) 462
Receptive Language
WAB Auditory Comprehension 59.75 (0.84) 59.54 (1.66) .559
Expressive Language
Boston Naming Test (short form) 12.58 (2.76) 13.23 (2.17) 449
CFL Fluency 31.00 (9.18) 33.00 (10.60) 521
Semantic Fluency 45.53 (8.33) 39.77 (7.42) .033
Memory
DRS Memory 22.36 (2.26) 20.00 (3.16) .006
Logical Memory | 29.86 (10.26) 25.54 (7.25) .170
Logical Memory II 16.58 (8.67) 11.39 (7.31) .060
Logical Memory % Retention 71.39 (18.80) 59.46 (34.15) .251
Visual Reproduction | 57.31(18.31) 47.31 (17.35) .094
Visual Reproduction I 27.72 (15.98) 12.92 (16.25) .006
Visual Reproduction % Retention 47.19 (21.04) 24.46 (29.04) .004
HVLT Recall 18.03 (4.45) 17.77 (3.11) .848
HVLT Discrimination Index 9.861 (1.94) 9.77 (1.74) .881
Visual Spatial
DRS Construction 5.06 (1.41) 5.31 (0.86) .456
CLOX 2 13.14 (1.52) 13.15(1.63) .983
Abstraction
DRS Conceptualization 34.75 (3.11) 35.31 (2.90) .576
Executive Function
DRS Initiation / Perseveration 36.00 (1.76) 32.46 (3.64) .005
Trail Making Test A (sec.) 48.58 (20.09) 55.23 (24.79) .342
CLOX 1 11.29 (2.16) 11.39 (2.02) .887
Token Test (Short Form) 14.23 (2.13) 15.00 (1.29) .228
Digit Symbol 48.31 (14.66) 42.23 (15.58) 214

between MCI Non-Converters and AD Converters

Note: AD = AlzheimerOsDisease,MCI = mild cognitive impairment, DRS = Dementia Rating Scale, WAB =
Western Aphasia Battery, CFL = measure of phonemic word fluency, HVLT = Hopkins Verbal Learning Test,
CLOX = Executive Clock Drawing Task, Semantic Fluency = composite fluency score of animals,
fruits/vegetables, & clothing.
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Cut scoresfor the DRS Initiation/Perseveration and Visual Reproduction
Percent Retention were determined by selecting raw scoresat which 76.9%
of the AD converters were identified and at which lessthan 20% of the MCI
non-converters were identified (approximating the sensitivity/ specificity
statistics for the DFA). Combined cut scores of 36 on the DRS
Initiation/ Perseveration and 26 on the Visual Reproduction Percent
Retention resulted in a sensitivity of 76.9%and a specificity of 91.7%,with
an overall correct classification of 87.8% of the sample.

DISCUSSION

This prior study [5] investigated the ability of baseline
neuropsychological measures to predict eventual risk for conversion to
dementia in newly diagnosed MCI patients. We successfully modeled
predictors of eventual OAD conversionOusing baseline neuropsychological
data, and were able to correctly classify the vast majority of MCI patients
using the Percent Retention score from the WM SHII Visual Reproduction
subtestand the DRSInitiation/Perseveration Subscalescore.In comparison,
potential clinical and demographic predictor factors such as race, use of
cholinesterase inhibitors at baseline, and histories of hypertension and
diabetes at baselinedid not improve the predictor model above and beyond
the predictor findings with the neuropsychological tests.Our findings arein
accord with previous studies using neuropsychological measuresto predict
subsequentdementia in memory-disordered patients [3, 4]. However, none
of these prior studies investigated prediction of dementia for persons
diagnosed with MCI using Mayo criteria. Thus, to our knowledge this
study represented the first attempt to predict eventual dementia in MCI
patients diagnosed with the Mayo criteria [5].

Medical factors potentially related to memory loss in MCI were not as
useful in predicting conversion to dementia. Use or non-use of
cholinesterase inhibitors did not add to prediction of conversion status in
our MCI group. Interestingly, in our MCI patient sample, converters were
more likely to have been taking a cholinesterase inhibitor at baseline ba
logic that runs contrary to this classof medication having a benefit in terms
of delaying onset of dementia. This finding suggeststhat patients nearing
conversion are likely to have a more aggressive form of clinical memory
loss that will result in cholinesterase use earlier on. Vascular risk factors
such as diabetes and hypertension did not appear to impact the risk of
conversion in this sample; however, the intent of our study was to present
patients without significant vascular disease, and thus we employed a
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Hachinski Ischemia Index cutoff scoreof 4.1t is possible that in patients with
more significant vascular risk factors thesefactors will have a greater impact
on identifying dementia conversion risk.

The race of persons with MCI also did not aid in predicting conversion.
The majority of patients in the AD converter group were Caucasian,while a
greater proportion of African-Americans were present in the MCI non-
converter group (although this group difference did not reach significance).
This disproportionate representation of African-Americans in the non-
converter group did not appear to be related to racial differences in
hypertension or diabetes, or to non-representative neuropsychological test
norms. In fact, using the cut-score method for predicting group membership
resulted in a very similar number of false positives in African-American
(9%) and Caucasian (8%) MCI patients [5]. The issue of potential differences
in AD conversion risk in Caucasiansand African-Americans is an important
one to be addressed by future research.

Clinical Implications

The findings of this previously reported study [5] have potential relevance
regarding the utility of using neuropsychological test results at baseline to
determine risk of eventual dementia conversion. The neuropsychological
measures used in the conversion prediction were both commonly
administered neuropsychological measures used to assess and track
presence and progression of dementia. Given the prevalence of the Mayo
criteria for MCI [1], these findings may prove useful for practitioners who
evaluate and treat persons with MCI and offer important clinical data in
determining risk of dementia conversion in MCI patients. The potential
clinical benefit of identifying persons who are at risk of conversion to
dementia lies in the ability to offer prognostic information to patients and
their family members to aid in preparation of estate arrangements,
consideration of issues of long-term care, and enhance vigilance for
potential changes in instrumental activities of daily life [1].

In conclusion, the study demonstrated that baseline neuropsychological
measures are capable of identifying persons with MCI who are likely to
convert to probable AD over a two year time-span of clinical follow-up [5].
Such data could prove useful for identifying participants for prevention
studies, pharmacological interventions, and clinical counseling regarding
prognosis and planning. Overall, the clinical application of these findings,
and similar findings throughout the MCI literature, is that MCI patients
should be monitored to ensure that patient care is enhanced through early
identification, planning, and exposure to appropriate treatments and
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investigative studies. Future studies will need to address longitudinal
follow-up, a broader array of neuropsychological measures,other potential
markers for conversion such as neuroimaging, and more rigorous
examination of racial and ethnic differences in conversion rates.
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