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Abstract
Background—The utility of combining early markers to predict conversion from mild cognitive
impairment (MCI) to Alzheimer’s Disease (AD) remains uncertain.

Methods—148 outpatients with MCI, broadly defined, were followed at 6-month intervals.
Hypothesized baseline predictors for follow-up conversion to AD (entire sample: 39/148 converters)
were cognitive test performance, informant report of functional impairment, apolipoprotein E
genotype, olfactory identification deficit, MRI hippocampal and entorhinal cortex volumes.

Results—In the 3-year follow-up patient sample (33/126 converters), five of eight hypothesized
predictors were selected by backward and stepwise logistic regression: FAQ (informant report of
functioning), UPSIT (olfactory identification), SRT immediate recall (verbal memory), MRI
hippocampal volume, MRI entorhinal cortex volume. For 10% false positives (90% specificity), this
five-predictor combination showed 85.2% sensitivity, combining age and MMSE showed 39.4%
sensitivity, and combining age, MMSE, and the three clinical predictors (SRT immediate recall,
FAQ, and UPSIT) showed 81.3% sensitivity. Area under ROC curve was greater for the five-
predictor combination (0.948) than age plus MMSE (0.821; p =.0009), and remained high in sub-
samples with MMSE ≥ 27/30 and amnestic MCI. For the entire patient sample, based on
dichotomizing estimated risk at 0.5, positive likelihood ratio was 16.8 (95% CI 6.4, 44.3) and negative
likelihood ratio was 0.2 (95% CI 0.1, 0.4).

Conclusions—The five-predictor combination strongly predicted conversion to AD and was
markedly superior to combining age and MMSE. Combining only clinically administered measures
also led to strong predictive accuracy. If independently replicated, the findings have potential utility
for early detection of AD.
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Introduction
A large number of elderly people have cognitive impairment, which increases with age (1,2).
Mild cognitive impairment (MCI) often represents a transition between age-related memory
decline and Alzheimer’s disease (AD) (3,4). The annual conversion rate from MCI to AD is
8–15%, and most conversions occur within 3 years of presentation (3,5). Identifying predictors
of conversion to AD will aid in estimating prognosis and targeting early treatment in likely
converters.

In a single-site, long-term study of cognitively impaired outpatients without dementia, specific
baseline measures across several domains were hypothesized to predict conversion to AD.
Among these measures, our original predictive findings on olfactory identification deficits
(6,7), and informant report of functional deficits (8), are consistent with related studies in
cognitively impaired subjects (9,10). Our published predictive accuracy of specific
neuropsychological deficits (11) and MRI hippocampal and entorhinal cortex atrophy (12) are
consistent with the literature (13,14). Each measure significantly predicted conversion to AD
after adjusting for age, sex, and education. However, as in other studies, no individual measure
was strong enough to use as the sole predictor. Therefore, the value of combining predictors,
and their added value to the widely used combination of age and MMSE, was assessed. To aid
clinicians in early detection, an initial algorithm to predict conversion to AD was developed.

Methods And Materials
Participants

Patients presented with memory complaints to a Memory Disorders Clinic jointly run by
Psychiatry and Neurology at New York State Psychiatric Institute/Columbia University, and
met study criteria for cognitive impairment without dementia and without a specific identifiable
cause. These patients, and age and sex-matched healthy control subjects, were followed
systematically. Healthy controls were recruited primarily by advertisement, had normative
MMSE and SRT test scores, met all other inclusion/exclusion criteria, and were group-matched
to patients on age and sex. All subjects signed informed consent in this IRB-approved protocol.

Eligibility Criteria
Inclusion criteria were age 41–85 years, cognitive impairment ≥ 6 months and ≤ 10 years, and
Folstein MMSE score ≥ 22/30 (15). Neuropsychological screening inclusion guidelines were
Folstein MMSE recall ≤ 2/3 objects at 5 minutes, or Selective Reminding Test (SRT) delayed
recall score > 1 SD below norms, or Wechsler Adult Intelligence Scale-Revised (WAIS-R)
performance IQ score ≥ 10 points below WAIS-R verbal IQ score. Patients without these
neuropsychological deficits were considered if they met three criteria: subjective complaint of
memory decline, informant’s confirmation of memory decline, and modified Blessed
Functional Activity Scale score ≥ 1 on the first 8 items that cover memory-related cognitive
and functional problems (16). Final determination for inclusion was based on a consensus
diagnosis between two expert raters (D.P.D., Y.S.) who reviewed clinical, functional and
neuropsychological information, laboratory test results, and MRI clinical report, while
remaining blind to all other data.

These inclusion criteria identified a broad group of cognitively impaired non-demented
patients. This study began before mild cognitive impairment (MCI) criteria were published
(17). Since all patients had subjective memory complaints (diagnostic criterion for MCI) and
completed an extensive neuropsychological test battery, baseline MCI subtype was determined
post-hoc by using age, education, and sex-based regression norms derived from 83 healthy
control subjects (63 from this study and 20 from other studies) who received the same test
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battery, as previously described (11). Based on this approach, 73% of patients met criteria for
amnestic MCI with or without other cognitive domain deficits, 13.5% had non-amnestic MCI,
and 13.5% had cognitive scores < 1.5 SD below norms, i.e., insufficient to meet MCI criteria
(11).

Exclusion criteria were a diagnosis of dementia, schizophrenia, current major affective
disorder, alcohol/substance dependence, history of stroke, cortical stroke or infarct ≥ 2 cm in
diameter based on MRI, cognitive impairment entirely caused by medications, or other major
neurological illness, e.g., Parkinson’s disease.

Procedures
At baseline, the study neurologist/psychiatrist completed history, physical, neurological, and
psychiatric examination. Laboratory tests included complete blood count, serum electrolytes,
thyroid, liver and renal function tests, rapid plasma reagin (RPR), serum vitamin B12 and folate
levels, and MRI brain scan.

All subjects received an annual neuropsychological test battery, reviewed by an experienced
neuropsychologist (Y.S.). Two expert raters (D.P.D. and Y.S.) made a consensus diagnosis at
each follow-up, while remaining blind to data from prior visits. The diagnosis of dementia was
based on DSM-IV criteria and possible or probable AD on NINCDS-ADRDA criteria (18).
The endpoint of conversion to AD required this diagnosis at two consecutive annual
assessments during follow-up. The Clinical Dementia Rating (CDR) was the secondary
outcome criterion. At each visit, the physician rated an initial CDR and the final CDR was
scored at the consensus diagnosis meeting based on the physician’s CDR plus
neuropsychological test data.

Baseline predictors of future conversion to AD
At study inception, predictors were chosen based on the existing scientific literature. In this
sample, among five neuropsychological variables that were examined, SRT immediate recall
(12-item, 6-trial sum score) and WAIS-R digit symbol were the strongest predictors (11).
Apolipoprotein E genotype was assessed and patients were classified as ε4 carriers (ε3/ε4 or
ε2/ε4 or ε4/4) or ε4 non-carriers (19). The University of Pennsylvania Smell Identification Test
(UPSIT) employs 40 microencapsulated common odorants, each presented with four written
response alternatives (scratch and sniff forced choice format). The test score ranges 0 to 40
(20). The Pfeffer Functional Activities Questionnaire (FAQ) (21) assesses 10 common
activities that focus on complex cognitive/social functioning. The informant report’s total score
(range 0 to 10) was obtained (8).

Brain MRI was acquired on a single GE 1.5T unit. Volumetric ratings utilized a 3D coronal
volume spoiled gradient recalled echo (SPGR) sequence, 2 mm thick contiguous slices
perpendicular to the temporal horns (12). After establishing intra-rater reliability and inter-
rater reliability with experts (ICCs 0.90–0.99) (12), a single rater (G.P.) quantified hippocampal
and entorhinal cortex volume by published methods (22), blind to all other information.

Statistical Analyses
Demographic, clinical and predictor variables were compared in converters to AD, non-
converters to AD, and controls by χ2 and Kruskal-Wallis test (several variables were non-
normally distributed) for categorical and continuous variables, respectively. ANCOVA was
used for group differences in hippocampal and entorhinal cortex volume, adjusting for
intracranial volume.
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The hypothesized predictor variables were age, SRT immediate recall, WAIS-R Digit Symbol,
UPSIT, FAQ, apolipoprotein E ε4 carrier status, MRI hippocampal and entorhinal cortex
volumes (adjusting for intracranial volume). Bivariate associations among these variables and
baseline age and education were examined by Spearman correlation coefficients.

Since the UPSIT score had a skewed distribution, the log (41-UPSIT score) transformation
(23) was applied in regression analyses.

Logistic regression analyses were conducted to assess the incremental effect of predictors (each
predictor’s individual effect controlled by other predictors’ effects) on probability of
conversion to AD by 3-year follow-up. The equal follow-up duration for all subjects permitted
assessment of sensitivity, specificity, positive and negative predictive values, and likelihood
ratios. The 3-year duration was chosen because most conversions occurred within this time
frame, consistent with the literature (3), and to evaluate clinically relevant short-term to
intermediate-term conversion to AD. For early converters who did not reach 3-year follow-up,
the diagnosis was assumed to have remained AD.

From the eight hypothesized predictors, stepwise and backward procedures selected predictors
for a final logistic regression model in which all remaining predictors were significantly
associated with conversion to AD. For these selected predictors, sensitivity and false positive
rate (1-specificity) were calculated for Receiver Operating Characteristic (ROC) curves. Area
under the ROC curve was used for classification accuracy. Based on the fitted logistic model
and dichotomizing estimated risk at 0.5, likelihood ratios (LR) with 95%CI were calculated
for LR(+) as the ratio of true-positive percent to false-positive percent, and LR(−) as the ratio
of false-negative percent to true-negative percent. The added value of the predictors to the
combination of age and MMSE (age+MMSE) in predicting conversion to AD, based on logistic
regression, was examined. These analyses were repeated in subsamples with amnestic MCI
(11), MMSE ≥ 27/30, age > 55 years, and the 5-year follow-up sample.

From the final logistic regression model, a predictor algorithm based on dichotomizing the
selected predictors was developed. The optimal dichotomized cutoff scores for the selected
predictors were derived from their individual ROC curves with each cutoff point minimizing
the distance between perfect and actual estimates of sensitivity and specificity. Likelihood
ratios (percent of number of abnormal predictors among AD converters to percent among non-
converters) and their 95% confidence intervals were calculated. For internal validation, the
prediction error of this algorithm was estimated by a five-fold cross-validation procedure
(24). The cross-validation procedure randomly partitioned the sample into 5 roughly equal size
samples. In each of 5 runs, one of these random sub-samples was the test sample and the rest
(combined 4 random sub-samples) was the training sample (24). The training sample was used
to estimate parameters of the logistic regression model with the selected predictors to predict
the outcome in the test sample. Combining misclassification on the test sample and averaged
across the 5 runs, the cross-validation procedure gave the misclassification error rate of the
predictor algorithm.

Results
Demographic and Clinical Features

Based on initial statistical power estimation for the neuropsychogical and MRI predictors
derived from the literature, 150 consecutive eligible patients were recruited. Two patients
diagnosed with other neurological disorders (corticobasal degeneration, and amyotrophic
lateral sclerosis presenting with frontal lobe deficits) within 6 months of presentation were
excluded, leaving 148 patients in the sample.
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Future converters were older and scored lower on baseline MMSE than non-converters or
controls, but the groups did not differ significantly in sex distribution and apolipoprotein E
ε4 carrier frequency (Table 1). Baseline SRT immediate recall, WAIS-R Digit Symbol, UPSIT,
hippocampal and entorhinal cortex volumes decreased from controls to non-converters to
converters. FAQ informant scores were greater in converters than non-converters (controls did
not have informant interviews). There were no sex differences for any predictor. Table 2
illustrates baseline correlations among the predictors and age, education and MMSE.

Of the 148 patients, 128 met the neuropsychological inclusion guidelines and 20 patients had
neuropsychological deficits not severe enough to meet these guidelines but they met the other
criteria (subjective memory complaints, informant’s confirmation of memory decline, and
Blessed rating criteria). These two groups did not differ significantly in age, sex, years of
education, or conversion rates to AD. Patients who met neuropsychological inclusion
guidelines had lower baseline MMSE scores compared to those who did not (mean 27.3±2.1
versus mean 28.5±2.6, t=2.3, p < .03).

Follow-up sample
In all instances when dementia was diagnosed, the CDR rating was confirmatory (≥ 1,
indicating dementia), and hence the analyses were not repeated for this secondary outcome.
Follow-up duration averaged 5 years in controls (Table 1). In patients, converters had shorter
follow-up because they exited the study after two consecutive annual AD diagnoses (Table 1).
MMSE showed greater annual percent decline in converters (mean ± SD: 3.08±5.8) compared
to non-converters (0.11±2.52; p < .0001). Of the 39 converters, 31 had probable AD and 8 had
possible AD, i.e., AD with concomitant conditions that developed during follow-up (depression
n=6, prescription drug abuse n=1, Parkinsonian features without meeting criteria for Lewy
Body Dementia n=1). Decline in cognitive scores during follow-up did not differ between
probable and possible AD converters who were combined for data analysis. All converters
were greater than 55 years old at baseline evaluation.

Of nineteen deaths during follow-up, there were four autopsies, all of which confirmed the
clinical diagnoses (3 AD, 1 healthy control).

3-year follow-up sample: variable selection
Thirty-three of 126 patients converted to AD by 3-year follow-up (incidence 9.2% per person
year). Twenty-two patients dropped out before the 3-year follow-up time-point. At baseline,
they did not differ from the 126 patients who were followed for at least 3 years in age, education,
MMSE or any hypothesized predictor (all p’s > 0.3).

All eight a priori hypothesized predictors were entered into a logistic regression model with
the outcome of AD/no AD by 3-year follow-up. Using either stepwise or backward selection
in the model, age, WAIS-R Digit Symbol and apolipoprotein E ε4 did not meet the criterion
for significance (alpha=0.1) to be in the final model. Five predictors remained significant and
entered the final model: FAQ, UPSIT, SRT immediate recall, hippocampal volume, entorhinal
cortex volume.

Sensitivity and specificity
In the 3-year follow-up sample, at 80% specificity (20% false positives), age, MMSE and the
five predictors showed individual sensitivities ranging 41–72%. Since a low false positive rate
is clinically important (a patient should not be told erroneously that he/she has AD), the
individual sensitivities were also calculated at the 10% false positive rate (90% specificity).
These sensitivities ranged 28–51% for age, MMSE and the five selected predictors individually
(Table 3).
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For the combination of age and MMSE (age+MMSE), sensitivity declined from 72.7% for
20% false positives to 39.4% for 10% false positives. For the five-predictor combination,
sensitivity was 92.6% for 20% false positives and remained high at 85.2% for 10% false
positives (Table 3). For 10% false positives, combining age, MMSE, and the five predictors
showed 85.2% sensitivity (Table 3).

Further analyses focused on clinically relevant combinations of the five predictors, together
with the widely used measures of age and MMSE. For 10% false positives, the clinically
administered measures, SRT immediate recall, UPSIT, and FAQ informant report, each added
markedly to the sensitivity and positive predictive value of age+MMSE (Table 3). Combining
age, MMSE, SRT immediate recall, FAQ, and UPSIT showed 81.3% sensitivity and 83.3%
positive predictive value. Based on estimated risk of 0.5, this combination led to a positive
likelihood ratio of 13.0 and negative likelihood ratio of 0.2. Although UPSIT and FAQ
informant report are brief, inexpensive and easy to administer, they are not routinely used
clinically. Therefore, the combined effect of age, MMSE, SRT immediate recall, and MRI
hippocampal and entorhinal cortex atrophy was evaluated. For 10% false positives, this
combination showed 70.4% sensitivity and 82.6% positive predictive value, and based on
estimated risk of 0.5, positive likelihood ratio of 15.5 and negative likelihood ratio of 0.3 (Table
3). The positive likelihood and negative likelihood ratios (16.8, 0.2, respectively) were
strongest for the five predictors plus age and MMSE, but with fairly wide confidence intervals
(Table 3).

Both hippocampal and entorhinal cortex volume statistically contributed to prediction.
Removing either measure lowered sensitivity for 10% false positives to some degree: all five
predictors sensitivity=85.2% (95% CI 63.4–93.8), four predictors excluding entorhinal cortex
volume sensitivity=78.6% (95% CI 71.8–98.6), four predictors excluding hippocampal volume
sensitivity=81.5% (95% CI 66.8–96.1).

For the five-predictor combination, in ROC analyses the area under the curve (AUC) was high
(0.948) and greater than for age+MMSE (0.821; p =.0009; Figure 1 Panel A). AUC was higher
for the five-predictor combination added to age+MMSE compared to age+MMSE (p=.0012,
Figure 1 Panel B). The five-predictor combination also led to strong prediction in amnestic
MCI patients (32/90 converters by 3 years, AUC 0.934), patients with baseline MMSE ≥ 27/30
(19/92 converters by 3 years, AUC 0.941), patients followed for 5 years (37/90 converters,
AUC 0.938), and patients over 55 years old (33/112 converters by 3 years, AUC 0.942).

Including education with age and MMSE in similar models, and replacing SRT immediate
recall by SRT delayed recall, led to virtually identical results.

Predictor algorithm
Using the 3-year follow-up sample, a predictor algorithm from the logistic regression model
was developed. The optimal dichotomized cutoff scores for the 5 predictors were derived from
their individual ROC curves with each cutoff point minimizing the distance between perfect
and actual estimates of sensitivity and specificity. Dichotomized cutoffs for “abnormality”
were SRT immediate recall < 40, UPSIT < 32, FAQ > 1, hippocampal volume < 4.1 cc,
entorhinal cortex volume < 0.4 cc (Table 4). These dichotomized variables were then entered
in the logistic model, and the estimated risk of AD conversion tabulated for every predictor
combination.

In the five-predictor algorithm, the 3-year probability of conversion was very low if only one
predictor was abnormal (1.4 to 3%) and low (7.5 to 24%) if only two of five predictors were
abnormal. For three abnormal predictors the probability of conversion ranged 34–67%, for four
abnormal predictors this probability ranged 84–92%, and if all five predictors were abnormal
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this probability was 98% (Table 4). The likelihood ratio for predicting conversion to AD
increased with increasing number of abnormal predictors, particularly for three or more
abnormal predictors (Table 4).

For internal validation of the five-predictor algorithm, the five-fold cross-validation procedure
estimated the misclassification error of the predictor algorithm as 14.95%.

Discussion
In this broadly defined clinical sample of cognitively impaired, non-demented patients
presenting with memory complaints, each predictor’s effect was consistent with other studies
that examined predictors of MCI conversion to AD (25,26), with the exception of
apolipoprotein E ε4 carrier status that was not significant when included with other predictors
in logistic regression analyses. Sampling differences may account for discrepancies across
studies; apolipoprotein E ε4 carrier status is a significant predictor in several studies (25–28)
but some recent reports indicate weak prediction (29,30).

In the 3-year follow-up sample, individual baseline measures significantly predicted future
conversion to AD but the five-predictor combination markedly improved prediction. The five-
predictor combination led to very strong prediction at the MCI stage, exceeding consensus
threshold criteria for markers of AD of sensitivity >80% and specificity > 80% (31). The five-
predictor combination markedly added predictive value above the combination of age and
MMSE at a 10% false positive rate, and positive and negative likelihood ratios confirmed strong
prediction. A low false positive rate is necessary when predicting likely conversion to AD, i.e.,
predicting AD when the patient does not develop AD can lead to adverse clinical consequences.
The findings indicate that knowing the patient’s age and administering the MMSE, a
combination commonly used by practicing physicians, are together insufficient to accurately
predict conversion to AD.

The diagnosis of MCI requires lack of impairment in activities of daily living (17). This is the
first study to explicitly examine informant report of impairment in complex social/cognitive
abilities, which can be impaired in MCI patients, and odor identification deficits together as
predictors of conversion to AD. These inexpensive measures do not require prior training to
administer: FAQ 2–3 minutes (can be self-report), UPSIT 12–15 min (multiple choice, can be
self-administered). In the predictor models, for 10% false positives the combination of SRT
immediate recall, FAQ and UPSIT, together with age and MMSE, led to strong predictive
accuracy.

The combination of SRT immediate recall with age, MMSE and the MRI variables also led to
fairly strong prediction. Neuropsychological testing of episodic verbal memory and other
cognitive abilities is time-consuming and can be expensive. MRI volumetric evaluation of
hippocampal and entorhinal cortex volumes is expensive and currently limited to research/
academic centers. Nonetheless, neuropsychological and MRI assessment improve prediction
of conversion to AD, provide other useful diagnostic information, and their serial assessment
may clarify the MCI/AD diagnosis. A trained MRI rater, after completing image alignment,
can assess hippocampal volume in 30–45 minutes and entorhinal cortex volume in 15–20
minutes using this study’s methods (22,32). Since MRI hippocampal and entorhinal cortex
volumetric assessment techniques vary by research group, their identified algorithm cutoffs
may not apply for other assessment methods. In contrast, the SRT, UPSIT and FAQ employ
uniform administration and scoring.

In other studies, combining MMSE/verbal recall measures with MRI hippocampal volume/
medial temporal lobe atrophy or apolipoprotein E genotype led to moderately strong accuracy
(65–84% correctly classified) in predicting conversion to AD (25,26). We found that adding
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olfactory identification deficits and informant report of functional impairment, and entorhinal
cortex volume, led to strong predictive accuracy (92.5% correctly classified) that was
appreciably higher than prior reports (25,26). The predictor algorithm developed from the data
obtained in our study emphasizes the need to examine multiple predictors.

For the five-predictor combination, similar findings were obtained in the amnestic MCI, high
baseline MMSE, and 5-year follow-up sub-samples. Strong prediction in the high MMSE (≥
27/30) group is clinically important because diagnosis and estimation of prognosis is difficult
in patients with minimal global cognitive impairment.

The individual effects of olfactory identification deficits and informant report of functional
impairment were consistent with related reports (9,10), and the combined effects of episodic
memory deficits and MRI volumetric measures were highly consistent with the literature
(14,32). For the algorithm, to reduce the risk of over-fitting, the cutoff scores for the 5 predictors
were identified from their individual ROC curves and not from their combined ROC curve.
Since SRT immediate recall, UPSIT and hippocampal volume declined with increasing age
(5,22,33), and SRT immediate recall correlated with education in years, the optimal algorithm
cutoffs for the five predictor variables may need alteration when applied in older, less educated
samples. A complete independent external validation in a larger sample is needed, but to date
no other study has evaluated informant report of functional impairment and odor identification
deficits together with neuropsychological and MRI volumetric measures. Further, using the
five-predictor combination does not preclude the need for proper subsequent verification of
diagnostic classification.

The MRI, olfactory and verbal recall measures tapped into early AD pathology: neurofibrillary
tangles begin in trans-entorhinal cortex and progress through limbic areas to neocortex (34).
Impairment in complex, integrated brain functions were sensitive to incipient AD: short + long-
term verbal memory (SRT immediate recall incorporates encoding with recognition,
comparison to a bank of memories, retrieval over 6 consecutive trials), odor identification
(UPSIT incorporates odor detection, odor memory, odor naming) and complex cognitive/social
functional abilities (FAQ informant report captures the behavioral output of multiple brain
regions acting together).

Gender, obesity, vascular risk factors, and family history predict dementia in large-scale
epidemiologic studies. Given the known small effect size of these variables, they were not
hypothesized predictors in this clinical sample. In secondary analyses, we examined gender,
body mass index and family history, and none were significant predictors (data not shown).

This study had some limitations. The study was conducted in a University academic medical
center; the results need validation in broader clinical settings and cannot be directly applied to
the general elderly population. The sample inclusion/exclusion criteria were broader than the
narrowly defined amnestic MCI samples studied by other groups (3,4), but they did identify a
clinically relevant, heterogenous group of patients. The findings in our large amnestic MCI
subsample were consistent with the results obtained in the entire sample, thus permitting direct
comparison to other studies that restricted their samples to amnestic MCI patients (3,4). The
raters were not blind to one of the selected predictors, SRT immediate recall, which was part
of the neuropsychological test battery. However, the expert raters employed strict diagnostic
methods, and the diagnoses were indirectly supported by differences in global cognitive decline
in converters versus non-converters. Patients with stroke or MRI cortical or large lacunar
infarctions were excluded, reducing the chance of cerebrovascular disease influencing MCI
conversion to AD (35).

Other measures that strongly distinguish AD from controls and potentially predict MCI
conversion to AD include decreased temporoparietal metabolism with FDG PET (36) and
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increased uptake of ligands that label amyloid using PET (37,38). PET has high costs and
limited availability. PET amyloid imaging may not show disease progression because maximal
brain amyloid saturation occurs early in AD (39). Cerebrospinal fluid (CSF) elevated tau or
phosphorylated tau levels, and decreased amyloid ßeta42 levels, and their ratio, have been
shown to strongly predict MCI conversion to AD (40). Future studies will need to assess these
CSF measures when combined with other predictors. Lack of patient acceptability of lumbar
puncture can be a limitation. A recent report showed that combining immune and related plasma
markers strongly separated AD from controls and predicted MCI conversion to AD in a small
MCI sample, but independent replication in a larger sample is needed (41).

In our study, a combination of five measures led to strong predictive accuracy for MCI
conversion to AD, and markedly added value to the combination of age and MMSE. These
findings clearly need independent replication in larger samples before widespread clinical use
is justified. Another potential use is to enrich patient selection in treatment trials.
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Figure 1.
Comparisons of Receiver Operating Characteristic (ROC) curves in the 3-year follow-up
patient sample.
Panel A. Comparison of ROC curves for Age + MMSE (AUC=0.821), SRT + UPSIT + FAQ
(AUC=0.920), and the 5 selected predictors: SRT + UPSIT + FAQ + Hippocampal volume
(HIPV) + Entorhinal volume (ENTV) (AUC=0.948).
Panel B. Comparison of ROC curves for Age + MMSE (AUC=0.821), Age + MMSE + SRT
+ UPSIT + FAQ (AUC=0.934), and Age + MMSE + SRT + UPSIT + FAQ + Hippocampal
volume (HIPV) + Entorhinal volume (ENTV) (AUC=0.951).
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Table 1
Baseline features of 148 MCI patients (converters and non-converters to AD during 1–9 years of follow-up) and 63
healthy control subjects.

Feature Patients Healthy Controls * P value
39 Converters mean
(SD) or %

109 Non-converters
mean (SD) or %

63 controls mean (SD) or
%

Sex % female 56.4 55.1 54.0 .971
Baseline Age (years) 73.2 (7.1) 64.9 (9.9) 65.7 (9.3) <.0001
Education in years 14.0 (4.7) 15.4 (4.1) 16.7 (2.6) .0014
+ Follow-up duration in months 41.5 (18.5) 57.3 (28.3) 62.1 (31.5) .001
Baseline MMSE 26.3 (2.2) 27.9 (2.0) 29.4 (0.8) <.0001
Apolipoprotein E ε4 carrier % 34.3 23.6 22.4 .3826
SRT Immediate Recall 34.8 (8.5) 45.2 (8.0) 52.8 (6.6) <.0001
WAIS-R Digit Symbol 32.5 (10.2) 43.3 (11.6) 50.3 (11.3) <.0001
UPSIT 25.8 (8.4) 33.2 (4.6) 34.8 (4.2) <.0001
FAQ 2.76 (2.1) 1.23 (1.84) ---------- <.0001
** Hippocampal volume (R+ L) 3.77 (0.72) 4.37 (0.62) 4.34 (0.57) <.0001
** Entorhinal cortex volume (R+ L) 0.381 (0.093) 0.465 (0.085) 0.548 (0.096) <.0001

All values are means ± standard deviations, or percentages.

MMSE: Folstein Mini-Mental State Exam, range 0–30.

SRT: Selective Reminding Test, 12-item, 6-trial version.

UPSIT: 40-item University of Pennsylvania Smell Identification Test, range 0–40.

FAQ: Pfeffer Functional Activities Questionnaire score, administered to informant, range 0–10.

+
Converters to AD exited the study after 2 consecutive annual AD diagnoses, thereby reducing the follow-up duration in this group.

*
Based on χ2 test or Kruskal-Wallis Test for three-group comparisons in categorical and quantitative variables.

**
Hippocampal and entorhinal cortex volumes are in cubic cm, and three-group differences were tested with ANCOVA adjusting for intracranial volume.

Among the 148 patients, missing baseline data for specific measures were as follows. SRT: one patient, UPSIT: one patient was anosmic and one had an
upper respiratory infection leading to exclusion, FAQ: 7 patients did not have informant interviews, MRI: 8 patients did not have an MRI scan and one
patient had entorhinal cortex volume that could not be rated (poor quality scan), and 8 patients did not have blood drawn for apolipoprotein E genotype.
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Table 2
Baseline correlations in MCI patients among age, education, MMSE and specific hypothesized predictors.

Predictor Age in years r Education in years r MMSE r
SRT immediate recall −0.44

p < .0001
0.31
p < .0002

0.47
p < .0001

WAIS-R Digit Symbol −0.35
p < .0001

0.53
p < .0001

0.51
p < .0001

UPSIT −0.50
p < .0001

0.15
p =.079

0.45
p < .0001

FAQ informant 0.02
p = 0.85

−0.15
p=.078

−0.22
p < .01

Hippocampal Volume −0.32
p < .0001

0.17
p < .05

0.32
p < .0001

Entorhinal cortex volume −0.25
p < .003

0.14
p = .11

0.09
p = .27

r=Spearman correlation coefficient.

Number of patients with available data for specific variables: age=148, education=148, MMSE=147, SRT=147, WAIS-R Digit Symbol=147, UPSIT=145,
FAQ=140, Hippocampal volume=140, Entorhinal cortex volume=139.

Apolipoprotein E carrier status (categorical variable) obtained in 140 patients was not included in these analyses.
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