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Abst ract : The abi l i ty to predict  which individuals wi th mi ld cogni t ive
impairment (MCI) will eventually develop AlzheimerÕs disease (AD) would be a
valuable clinical tool. This study aimed to predict conversion from MCI to AD
within two years using baseline neuropsychological measures from 49 individuals
with amnestic MCI. Stepwise discriminant function analysis including Dementia
Rating Scale Initiation/Perseveration and Wechsler Memory Scale, 3rd Edition,
Visual  Reproduct ion Percent  Retent ion scores correct ly classi fied r isk for
conversion to AD in 85.7% of the sample, ident i fying them as ei ther M CI
Nonconverters or AD Converters. Establishing cutoff scores below 37 for DRS
Initiation/Perseveration and below 26 for Visual Reproduction Percent Retention
correctly classified 87.8% of the sample as MCI Nonconverters or AD Converters
with regard to risk for conversion to AD. These results suggest that commonly used
neuropsychological measures possess the predictive ability to determine risk of
conversion to dementia in MCI patients within 1-2 yearsÕ time.   

INTRODUCTION

Mild cognitive impairment (MCI) is often considered a prodrome to the
diagnosis of dementia, particular ly A lzheimerÕs disease (A D) [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
A D. These cr i ter i a, i ncl ud i ng, 1) subject i v e compl ai nt  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 identi f ied a cl inical  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
pred ictors of  dement ia r i sk . One potent ial l y  usefu l  cl i ni cal  tool  for
i dent i f y i ng dement i a r i sk  i s neuropsychol ogi cal  test i ng. Pr i or
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 w ith amnestic MCI based on Mayo criteria in the process of a
consensus diagnostic conference between March 2000 and September 2003,
and w ho had received at least one fol low -up consensus diagnosis by
December 2004. A ll participants were drawn from the participant pool of
the A lzheimerÕs Disease Research Center (A DRC) at the Universi ty 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 consensus of three neurologists and two
neuropsychologists w i th exper t ise in diagnosing dementia and M CI.
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 receiv ing a pr imary d iagnosis of  non-amnest i c M CI  w ere
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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 il lness, or conditions
expected to cause death w ithin 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
scores greater than 4 indicate significant risk for cognitive problems related
to vascular changes.

RESULTS

The initial sample of 49 patients w ith MCI at baseline experienced an
annual rate of conversion to dementia of 17.11%. The resulting groups of 36
M CI N onconverters and 13 A D Converters w ere compared on several
demographic, medical, and neuropsychological factors (See Table 1). A ll
participants received a basel ine 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.
H ow ever , there w ere more par t i ci pants w ho w ere tak ing memory-
enhanci ng med i cat i ons i n the A D Conv er ter  group than the M CI
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  correct ion for  mul t iple compar isons. Whi le no
measures reached significance at this level, several showed trends toward
significance at p < 0.01, including poorer performance by AD Converters on
DRS M emory, Visual Reproduction II and Percent Retention, and DRS
Initiation/Perseveration (See Table). These 4 measures were entered into a
discriminant function analysis (DFA) to determine whether group status
(MCI Nonconverter vs. AD Converter) at fol low-up could be predicted
f rom basel i ne neuropsychologi cal  test  scores. The DFA  model  w as
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.
A lternate 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

between MCI Non-Converters and AD Converters
Note: AD = AlzheimerÕs Disease, MCI = mild cognitive impairment, DRS = Dementia Rating Scale, WAB =
Western Aphasia Battery, CFL = measure of phonemic word fluency, HVLT = Hopkins Verbal Learning Test,
CLOX = Execut i ve Clock Draw ing Task, Semant ic Fluency = composi te f luency score of  animals,
fruits/vegetables, & clothing.

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 I 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 I 57.31 (18.31) 47.31 (17.35) .094
Visual Reproduction II 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
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Cut scores for the DRS Initiation/Perseveration and Visual Reproduction
Percent Retention were determined by selecting raw scores at which 76.9%
of the AD converters were identified and at which less than 20% of the MCI
non-converters were identified (approximating the sensitivity/ specificity
stat i st i cs for  the DFA ). Combi ned  cu t  scores of  36 on the DRS
Ini t iat ion/ Perseverat ion and 26 on the Visual  Reproduct ion 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

Thi s p r i or  study  [5]  i nv est i gated  the abi l i t y  of  basel i ne
neuropsychological measures to predict eventual r isk for conversion to
dementia in new ly diagnosed M CI patients. We successful ly modeled
predictors of eventual ÒAD conversionÓ using baseline neuropsychological
data, and were able to correctly classify the vast majority of MCI patients
using the Percent Retention score from the WMS-III Visual Reproduction
subtest and the DRS Initiation/Perseveration Subscale score. In comparison,
potential cl inical and demographic predictor factors such as race, use of
chol inesterase inhibi tors at basel ine, and histories of hypertension and
diabetes at baseline did not improve the predictor model above and beyond
the predictor findings with the neuropsychological tests. Our findings are in
accord with previous studies using neuropsychological measures to predict
subsequent dementia in memory-disordered patients [3, 4]. However, none
of these pr ior studies investigated prediction of dementia for persons
diagnosed w ith M CI using M ayo cri teria. Thus, to our know ledge 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
usefu l  i n p red i ct i ng conv ersi on to dement i a. 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 Ð a
logic that runs contrary to this class of medication having a benefit in terms
of delaying onset of dementia. This finding suggests that patients nearing
conversion are likely to have a more aggressive form of clinical memory
loss that w ill 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 w ithout signi f icant vascular disease, and thus w e employed a
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Hachinski Ischemia Index cutoff score of 4. It is possible that in patients with
more significant vascular risk factors these factors 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 A fr ican-Americans were present in the MCI non-
converter group (although this group difference did not reach significance).
This disproportionate representation of A fr ican-A mericans in the non-
conver ter  group did not appear  to be related to racial  d i f ferences 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 A frican-American
(9%) and Caucasian (8%) MCI patients [5]. The issue of potential differences
in AD conversion risk in Caucasians and 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  i n the conv ersi on pred i ct i on w ere both commonl y
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 w ith MCI and offer important clinical data in
determining risk of dementia conversion in MCI patients. The potential
cl inical  benefi t of identi fying persons w ho are at r isk of conversion to
dementia lies in the abilit y to offer prognostic info rmation to patients and
thei r  fami l y  members to aid  i n preparat i on of  estate ar rangements,
considerat ion of  i ssues of  long-term care, and enhance v igi lance for
potential changes in instrumental activities of daily life [1]. 

In conclusion, the study demonstrated that baseline neuropsychological
measures are capable of identifying persons w ith MCI who are l ikely 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 l i terature, is that MCI patients
should be monitored to ensure that patient care is enhanced through early
identi f icat ion, planning, and exposure to appropr iate treatments and
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investigative studies. Future studies w i l l  need to address longi tudinal
follow-up, a broader array of neuropsychological measures, other potential
markers for  conversi on such as neuroimaging, and  more r i gorous
examination of racial and ethnic differences in conversion rates.
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