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Abstract
Background—Our objective was to develop a point-based tool to predict conversion from
amnestic mild cognitive impairment (MCI) to probable Alzheimer’s disease (AD).
Methods—Subjects were participants in ADNI1. Cox proportional hazards models were used to
identify factors associated with development of AD, and a point score was created from predictors
in the final model.
Results—The final point score could range from 0 to 9 (mean, 4.8) and included Functional
Assessment Questionnaire (2–3 points); MRI middle temporal cortical thinning (1 point); MRI
hippocampal subcortical volume (1 point); ADAS-cog (2–3 points); and Clock Test (1 point).
Prognostic accuracy was good (Harrell’s c, 0.78; 95% CI: 0.75, 0.81); 3-year conversion rates
were 6% (0–3 points), 53% (4–6 points) and 91% (7–9 points).
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Conclusions—A point-based risk score combining functional dependence, cerebral MRI
measures and neuropsychological test scores provided good accuracy for prediction of conversion
from amnestic MCI to AD.
Keywords
Alzheimer’s disease; mild cognitive impairment; prognostic modeling; risk factors

1. INTRODUCTION
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Mild cognitive impairment (MCI) was conceptualized more than a decade ago as a
transitional stage between normal cognitive aging and Alzheimer’s disease (AD).1 More
recently, the criteria have been expanded to include both amnestic and non-amnestic subtypes,2 and individuals with amnestic MCI have been found to be especially likely to
develop AD.3 In addition, new diagnostic criteria have proposed using biomarkers to
identify individuals with preclinical AD (biomarker evidence with no clinical symptoms)4
and MCI due to AD (biomarker evidence with mild clinical symptoms).5 However, not all
individuals with MCI (amnestic or non-amnestic, including those with positive biomarkers)
progress to AD, particularly in community-based settings.6–8 Therefore, it is critically
important to examine alternative strategies for distinguishing between those with MCI who
will develop AD from those who will not so that potential treatments and preventative
therapies can be tested in and targeted toward those most likely to benefit.
Numerous recent studies have examined the ability of various neuroimaging techniques and
biomarkers to predict conversion from MCI to AD. These have primarily included markers
of amyloid beta (Aβ) deposition such as Pittsburgh compound B (PiB) positron emission
tomography (PET)9, 10 and cerebrospinal fluid (CSF) Aβ levels11 and markers of neuronal
injury such as CSF total and phosphorylated tau,11 fluorodeoxyglucose (FDG) PET,12, 13
and structural magnetic resonance imaging (MRI).14, 15 However, to date, no single
biomarker has emerged that predicts conversion with high accuracy.
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A recent hypothetical model of the AD neuropathological process posited that Aβ deposition
and tau-mediated neuronal injury and dysfunction occur earlier in the disease process, many
years prior to the onset of symptoms, whereas structural brain changes, cognitive decline
and functional decline occur later in the disease process, closer to development of clinical
AD.16 We hypothesized that a multi-domain model that included a combination of MRI,
cognitive and functional measures would predict conversion from MCI to AD with good
accuracy.
Finally, point-based risk prediction tools have proven to be useful in other settings for
stratification of individuals into high- and low-risk groups.17–19 Thus, a point-based riskstratification tool may be useful in research settings to identify individuals with MCI who
are at high risk of conversion. Therefore, the goal of the current study was to develop a
multi-domain point-based risk prediction tool to stratify patients with amnestic MCI into
those with high versus low risk for conversion to AD.
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2.1 Study population
Subjects were participants in the Alzheimer’s Disease Neuroimaging Initiative 1 (ADNI-1),
an ongoing, multicenter study initiated in 2003 to develop clinical, imaging, genetic and
biochemical biomarkers for the early detection and tracking of AD.20 Detailed information
on ADNI study procedures can be found at http://www.adni-info.org/Scientists/
ADNIScientistsHome.aspx. Data are publically available at http://adni.loni.ucla.edu/ and
were downloaded for this study on July 31, 2012.
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This study focuses on the 382 ADNI participants who were diagnosed with amnestic MCI at
baseline and had at least one follow-up visit. Baseline interviews were performed from
10/20/2005 to 10/19/2007. All subjects in ADNI were age 55–90 and had no evidence of
cerebrovascular disease (Modified Hachinski Ischaemia Score ≤ 4),21 no evidence of
depression (Geriatric Depression Scale < 6),22 stable medications, a study partner, no visual
or hearing impairment, good general health, six grades of education or equivalent, English
or Spanish language fluency, and no medical contraindications to magnetic resonance
imaging (MRI). MCI was defined based on the following criteria: memory complaint
verified by study partner, abnormal memory function based on education-adjusted cut-off on
the Logical Memory II subscale (delayed paragraph recall) from the Wechsler Memory
Scale – Revised (WMS-R),23 Mini-Mental State Examination (MMSE)24 score of 24–30
(inclusive), Clinical Dementia Rating (CDR)25 score of 0.5, and cognitive and functional
impairment not severe enough to meet criteria for AD or dementia.
All ADNI subjects or their proxies provided written, informed consent. This project was
submitted for review to the UCSF Committee on Human Research (CHR). However, since it
involved no contact with human subjects and utilized completely de-identified data, UCSF
CHR determined this project did not require review.
2.2 Measures
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We first reviewed the literature and identified domains of predictors that were available in
the ADNI dataset and either had been associated with conversion from MCI to AD in prior
studies or could plausibly be considered as potential predictors of conversion. The domains
considered included demographic predictors, medical history predictors, symptoms/vital
signs, MRI measures, genetic/blood-based biomarkers and neuropsychological tests, and the
specific variables considered within each domain are described in more detail below. We did
not consider the domains of positron emission tomography (PET) imaging or cerebrospinal
fluid (CSF) biomarkers because these were collected only in subsets of ADNI study
participants. In addition, we did not consider the Clinical Dementia Rating (CDR) as a
potential predictor because we felt that it was too collinear with the outcome variable of
conversion to AD. All potential predictor variables were collected at either the screening or
baseline visit.
2.2.1 Demographic predictors—Variables included age, sex, race/ethnicity, marital
status, family history of AD, education, and premorbid intelligence based on the American
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National Adult Reading Test (ANART; range: 0–45, higher scores reflect higher
intelligence).26
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2.2.2 Medical history predictors—History of medical conditions was determined based
on self-report and was classified into categories that included history of depression, stroke,
hypertension, other cardiovascular disease (e.g., high cholesterol, coronary artery disease),
diabetes, respiratory conditions (e.g., asthma, pneumonia), hematopoetic/lymphatic or
malignancy (e.g., anemia, prostate cancer), kidney disease (e.g., kidney stones, renal
insufficiency), smoking, head injury, and thyroid conditions (e.g., hypothyroidism,
hyperthyroidism).
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2.2.3 Symptoms/vital signs—Variables considered in the symptoms/vital signs domain
included low energy or insomnia (self-reported, present/absent); abnormal gait (neurologic
assessment, present/absent); blood pressure (normal: diastolic < 90 mmHg and systolic <140
mmHg; stage 1 hypertension: diastolic 90–99 or systolic 140–159; stage 2 hypertension:
diastolic ≥100 or systolic≥160); and pulse (beats/minute). In addition, body mass index
(BMI) was calculated from measured weight and height (kg/m2). Functional dependence
was assessed with the 10-item Functional Assessment Questionnaire (FAQ; range: 0–30,
higher scores reflect greater functional dependence).27 Neuropsychiatric symptoms were
assessed with the 12-item Neuropsychiatric Inventory (NPI; range: 0–36, higher scores
indicate more severe neuropsychiatric symptoms).28 Depressive symptoms were assessed
with the 15-item GDS (range: 0–15, higher scores reflect greater depressive
symptomatology).22
2.2.4 Magnetic resonance imaging (MRI) measures—Cerebral MRI predictor
variables were selected from those that have been identified as being predictive of
conversion from MCI to AD in prior ADNI studies29, 30 and included hippocampal
subcortical volume, entorhinal cortical volume, entorhinal cortical thickness, middle
temporal cortical volume, middle temporal cortical thickness, inferior temporal cortical
thickness, and inferior parietal cortical thickness. For all MRI measures, the mean value for
the left and right hemispheres was used. Only 1.5 Tesla MRI data were considered as 3.0
Tesla data were available on only a subset of subjects. ADNI included extensive MRI
quality control procedures to ensure consistency of scanning across the study sites.
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2.2.5 Genetic/blood-based biomarkers—Variables included apolipoprotein-E (APOE)
e4 genotype as well as plasma levels of amyloid-β (Aβ)-40 and Aβ-42. All samples were
processed using a standard protocol and shipped to the University of Pennsylvania (UPenn)
Biomarker Core Laboratory for processing.
2.2.6 Neuropsychological tests—Predictor variables in the neuropsychological test
domain included the Alzheimer’s Disease Assessment Scale – cognitive subscale (ADAScog),31 which assesses 13 aspects of cognitive function (traditional range: 0–70; expanded
range: 0–85; higher scores reflect worse cognitive function).32 The Rey Auditory-Verbal
Learning Test33 assesses verbal learning and memory based on a 16-word list; scores
considered included the number of words recalled on the 6th learning trial and following a
30-minute delay (range: 0–16; higher scores reflect better recall). Digit Span Forward and
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Backward34 were utilized to assess working memory; the score is the longest number of
digits repeated forward or backward. Category Fluency35 was assessed for animals and
vegetables; scores were the number correct in one minute. The Clock Drawing Test36 was
utilized to assess visuospatial/executive function (range: 0 to 5; lower scores reflect greater
impairment). The Trail Making Test (Parts A & B)37 was performed to assess processing
speed and executive function; scores reflect the time to complete the test (higher scores
reflect worse/slower performance). The Digit Symbol Substitution Test34 was utilized to
assess processing speed; scores reflect the number of items completed in 90 seconds (higher
scores reflect better performance). The Boston Naming Test38 was used to assess naming
ability; scores reflect the number of items named correctly (range: 0 to 30; higher scores
reflect better performance).
2.3 Conversion to AD
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Our primary outcome was conversion to probable AD. As part of ADNI-1, subjects were
reassessed at 6, 12, 18, 24 and 36 months. Additional follow-ups are being performed
annually as part of ADNI-2.20 Potential conversions from MCI to probable AD were
initially detected and reported by physicians at each site. Conversions were then reviewed
by a clinical monitor and confirmed by the conversion committee to establish a consensus
diagnosis. Diagnoses were based on National Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association
(NINCDS-ADRDA) criteria for probable AD.39 Since the exact date of conversion to AD
was not known, we used the midpoint between the last follow-up without an AD diagnosis
and the first follow-up with an AD diagnosis for our analyses. Subjects that did not convert
were censored at the time of their last interview.
2.4 Statistical analyses
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We first examined univariate distributions of all potential predictors to assess for evidence
of outlier values. Bivariate associations between potential predictors and the outcome
(conversion to AD) were then examined using t-tests or analysis of variance for continuous
variables and Chi-square tests for categorical variables. For continuous variables, we
assessed for non-linearity using graphical techniques and examining percent conversion over
categories. Clinically meaningful categories were utilized when available (e.g., blood
pressure); for most continuous variables, quartiles were utilized. Variables with ≤ 5 subjects
in a given cell were not considered further.
To develop the final predictive model, we first performed a series of Cox proportional
hazards analyses in which all variables within a given domain were considered together. For
example, all MRI variables were considered together, competing with each other in a single
multivariate model to determine which MRI variables were most strongly associated with
our outcome. Those variables within each domain that were associated with conversion to
AD at p<0.20 were then carried forward and allowed to compete against each other. A less
stringent p-value was used at this step to ensure consideration of a wide range of potential
predictors.
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In the final stage of model development, all variables that were identified within the 6
domains were simultaneously evaluated in a single multivariate model. All variables that
were significantly associated with conversion to AD at p<0.05 in this final Cox model were
then retained as independent predictors of conversion. Each variable was then assigned a
point value by dividing its model coefficient value by the coefficient for the Clock Test and
rounding to the nearest integer. The Clock Test was used because it had the smallest
coefficient for a dichotomous variable in the final model. This method for determining
points has been successfully used in the development of other clinical prediction tools.17, 19
We used Cox proportional hazards rather than logistic regression to account for differential
length of follow-up and withdrawals. Analyses were performed using all available data.
Mortality and drop-outs were handled by censoring subjects who did not develop AD at the
time of their last interview.
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Model discrimination was assessed using Harrell’s c statistic. The final model was validated
by bootstrapping the entire model selection process to correct for potential optimism due to
overfitting.40 Model calibration was assessed by plotting the predicted vs. actual conversion
rates (based on Kaplan-Meier estimates) at 1 year and 3 years as a function of point scores.
To determine whether the model was equally predictive in younger and older study
participants, we also performed analyses stratified based on the median age.

3. RESULTS
Baseline characteristics of the study population and their association with AD are shown in
Table 1. Subjects had a mean (SD) age of 75 (7) years; 36% were women, 91% were nonHispanic white, 20% had ≤ 12 years of education and 80% were married. More than onefourth of subjects had a history of depression and approximately half had a history of
hypertension or other cardiovascular disease. More than half of subjects had 1 or more
APOE e4 alleles. Consistent with their MCI diagnosis, mean scores on most
neuropsychological tests were in the normal-to-low range.
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A total of 179 (46.9%) study participants converted to probable AD over a mean (SD, range)
follow-up period of 2.9 (1.1, 0.5–4.0) years. Of the 203 who did not convert, 71 had <3
years of follow-up data and were censored while 132 were followed for at least 3 years.
Subjects had a mean (SD) of 4.7 (1.5) visits, and the mean time to AD was 2.2 years.
Twenty-three subjects had only one follow-up visit.
The factors that emerged as being predictive of AD (p<0.20) within each domain are shown
in Table 2. Demographic predictors included being female or married. None of the medical
history variables considered were associated with conversion to AD. In the symptoms/vital
signs domain, greater functional dependence (based on FAQ score), more neuropsychiatric
symptomatology (NPI≥4), low BMI (<22) and lack of insomnia all were predictors of
conversion to AD. The strongest MRI predictors were hippocampal subcortical volume,
entorhinal cortical volume and middle temporal cortical thickness. APOE e4 emerged as the
only genetic/blood-based predictor. Finally, many neuropsychological assessment measures
were associated with conversion to AD, including ADAS-cog score, RAVLT Trial 6 or
delayed word recalled, impaired Clock Test, and Trails B score.
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The factors identified in the final model as being most predictive of conversion from MCI to
AD are shown in Table 3 along with the coefficient values and number of points for each
predictor. Total point score values could range from 0 to 9, with a mean (SD) of 4.8 (2.3).
Key predictors included greater functional dependence based on the FAQ (2–3 points); MRI
middle temporal cortical thinning (1 point); MRI hippocampal subcortical volume (1 point);
worse neuropsychological test performance on the ADAS-cog (2–3 points); and impaired
Clock Test (1 point). The total point score was highly predictive of conversion from MCI to
AD (Harrell’s c, 0.78; 95% CI: 0.75, 0.81). Furthermore, when subjects were grouped based
on their risk scores, 6.2% of subjects with low risk scores (0 to 3 points, n=111) converted to
AD over 3 years, compared to 52.9% of those with moderate risk scores (4 to 6 points,
n=169) and 91.4% of those with high risk scores (7 to 9 points, n=102) (Figure 1).
Validation of the final model using boot-strapping techniques estimated optimism as 0.04
(Harrell’s c corrected for optimism, 0.74). Figure 2 shows the actual and predicted rates of
conversion to AD at 1 year and 3 years as a function of the point score, suggesting excellent
calibration of the final model. The median age of study participants was 75 years, and the
model was equally predictive in those <75 (Harrell’s c, 0.80) and those ≥75 years old (0.78).
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4. DISCUSSION
We found that a point-score-based combination of functional dependence,
neuropsychological test performance and cerebral MRI measures at baseline stratified
subjects with amnestic MCI into those with a low, moderate or high risk of converting to
probable AD within 1 to 3 years with good accuracy. If validated in other study populations,
this point-score may be useful in research settings, where it could potentially be used to
identify MCI subjects with a high risk of conversion who could be targeted for secondary
prevention trials.

NIH-PA Author Manuscript

Most prior studies of predictors of conversion from MCI to probable AD have focused on
various imaging techniques and biomarkers. However, to date, these approaches have been
limited by relatively low overall prognostic accuracy. For example, the Spatial Pattern of
Abnormalities for Recognition of Early AD (SPARE-AD), which applies advanced pattern
analysis methods to structural MRIs, was found to have c statistics for prediction of
conversion from MCI to AD that ranged from 0.66 to 0.73, depending on the sample.41
Furthermore, accuracy of SPARE-AD was not appreciably improved by inclusion of CSF
biomarkers, with c statistics of 0.66–0.68.41 Vermuri et al. found only modest prognostic
accuracy using structural imaging based on the Structural Abnormality (STAND) Index (c
statistic, 0.69) or CSF Aβ1-42 (0.62).42
The key predictors of conversion from MCI to probable AD in our study were greater
functional impairment, lower neuropsychological test scores on measures of global cognitive
function and executive function, and evidence of atrophy on cerebral MRIs. This is
generally consistent with the conceptual model proposed by Jack et al.,16 which
hypothesized that impairments in brain structure, memory and function would occur most
proximally to the development of clinical AD symptoms, although additional studies are
needed to examine the more distal predictors of conversion in the model.
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Surprisingly, several recent studies that have compared the effects of different predictors of
conversion from MCI to AD have not considered functional measures.43–45 This may be
because individuals with MCI, by definition, must be generally functionally independent;1, 2
however, consistent with other studies,46 our findings suggest that even very mild functional
limitations are strong predictors of conversion to probable AD in individuals with amnestic
MCI.
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Our findings are complimentary to several recent publications that have examined multidomain models for predicting conversion from MCI to AD. Cui at al.30 found that a
combination of functional, neuropsychological and MRI measures had a c statistic of 0.78,
and addition of CSF biomarkers improved this only slightly to 0.80.30 Gomar et al.47 also
found that cognitive and MRI measures were the strongest predictors of conversion, with a c
statistic of 0.80. Devanand et al.48 achieved even higher accuracy in models that included
functional, cognitive, and MRI measures, with c statistics of 0.86 and 0.94 in two cohorts.
Ye et al.49 created the Biosignature-15 that included MRI, cognitive, genetic, functional and
lab values and had a c statistic of 0.86. Our findings build on this prior work by creating a
point score to stratify individuals with amnestic MCI into those with low, moderate or high
risk of conversion to probable AD. Taken together, these studies suggest that multi-domain
prognostic models are more accurate than single-domain models; however, in some settings,
it may be preferable to accept lower accuracy in exchange for parsimony.
In research settings, interventions and strategies for secondary prevention of AD could
potentially restrict enrollment to individuals with MCI who receive a high-risk score. A
limitation of many prior RCTs has been that AD conversion rates are lower than expected
and, as a result, larger sample sizes are needed to test treatment effects.50 This inefficiency
increases the costs of RCTs and also exposes a large number of low-risk individuals to
unnecessary side effects. Therefore, restricting RCTs to MCI subjects with a high risk of
conversion has the potential to both lower costs and minimize potential harms. Furthermore,
a key finding of this study and other recent studies is that multi-domain models have the
highest prognostic accuracy, which suggests that multi-domain intervention strategies may
also be needed.
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Our study has several limitations that should be considered when interpreting the results.
Most study participants are white and have high educational attainment and only 36% were
women. In addition, individuals with cerebrovascular disease, depression or
contraindications to MRI were excluded. Therefore, it is critically important to determine
the accuracy of the risk score in other settings and study populations. We also were unable
to consider PET imaging or CSF biomarkers as these were measured at baseline in a small
subset of ADNI 1 participants. However, other studies that have considered these
biomarkers have found that they do not appear to appreciably improve accuracy for
predicting conversion from MCI to AD.30, 41 ADNI also does not routinely collect data on
other potentially important predictors such as physical performance (e.g., walking speed) or
lifestyle factors (e.g., physical activity) that may be predictive of conversion rates. Some
variables initially identified as being predictive of conversion within domains were
counterintuitive (e.g., being married, lack of insomnia); however, these likely reflect false
positives due to our relaxed p-value of 0.20 at that step, as they were not retained in the final
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model. Finally, our risk score was internally validated using bootstrapping techniques to
estimate optimism and should be used in limited research settings until it is externally
validated. It is possible that different approaches may be necessary depending on the target
population, intervention of interest, and length of follow-up. Also, this risk score is not
intended as a diagnostic tool, and patients and family members should be counseled that risk
scores are never 100% predictive.
In conclusion, we have created a point score that uses a combination of cognitive, functional
and structural MRI measures to stratify individuals with amnestic MCI into those with a
low, moderate or high risk of conversion to AD with good accuracy. This tool could
potentially be used in research settings to identify individuals for secondary prevention
trials.
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Systematic Review
We searched PUBMED using “Alzheimer’s” (major subject heading) AND “mild
cognitive impairment OR MCI” (any field) AND (“risk index” OR “risk score” OR
“prognostic index” OR risk prediction OR predict conversion) with results restricted to
Engligh-language publications in humans aged 65 years or older. A total of 101
publications were retrieved. The references of relevant publications also were reviewed.
Interpretation
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Many recent studies have attempted to identify predictors of conversion from MCI to
AD. Most studies have focused on various neuroimaging techniques and biomarkers,
especially markers of amyloid beta (Aβ) deposition such as Pittsburgh compound B (PiB)
positron emission tomography (PET) and cerebrospinal fluid (CSF) Aβ levels and
markers of neuronal injury such as CSF total and phosphorylated tau, fluorodeoxyglucose
(FDG) PET, and structural magnetic resonance imaging (MRI). However, to date, no
single biomarker has emerged that predicts conversion with high accuracy. Several recent
studies also have examined multi-domain models. Consistent with our findings, most of
these studies have found that cognitive, functional and structural MRI measures are most
strongly predictive of conversion from MCI to AD. The current study builds on this prior
work by creating a risk prediction score to help classify individuals with MCI into those
with a low, moderate or high risk of conversion.
Future Directions
Our model was internally validated using boot-strapping techniques to estimate
optimism. If it is validated in other settings and study populations, our risk score may be
useful in research settings, where it could potentially be used to identify MCI subjects
with a high risk of conversion who could be targeted for secondary prevention trials.
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Figure 1. Conversion to AD in Participants with Low, Moderate and High Risk Scores

Figure 1 shows actual conversion to AD as a function of risk score group, with low risk (0 to
3 points) shown in blue, moderate risk (4 to 6 points) shown in green and high risk (7 to 9
points) shown in red.
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Figure 2. Actual and Predicted Conversion Rates Over 1 and 3 Years
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Figure 2 shows actual and predicted conversion rates over 1 year and 3 years of follow-up as
a function of point score. The grey bars show the number of subjects with each point score
value. The overlapping of the actual and predicted curves suggests good calibration of the
model.
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Table 1
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Baseline Characteristics of 382 Participants with Amnestic MCI
Characteristic

No. (%) or Mean ± SD

Demographic
Age, years

75 ± 7

Gender, female

137 (36)

Race, non-Hispanic white

346 (91)

Education, ≤ 12 years

77 (20)

Marital status, married

307 (80)

Family history of AD, positive

132 (35)

Premorbid IQ (ANART), score

13.7±9.9

Medical history
Depression

106 (28)

Stroke

13 (3)

Hypertension

188 (49)

Other cardiovascular disease

207 (54)

NIH-PA Author Manuscript

Diabetes

32 (8)

Respiratory condition

88 (23)

Cancer/blood condition

89 (23)

Kidney disease

24 (6)

Smoking

13 (3)

Head injury

12 (3)

Thyroid condition

56 (15)

Symptoms and vital signs
Low energy

78 (20)

Insomnia

46 (12)

Abnormal gait

35 (9)

Systolic blood pressure, mmHg

132.3 (19.4)

Diabolic blood pressure, mmHg

73.5 (10.8)

Pulse, beats/minute

66±10.7

Body mass index, kg/m2

26.1 ± 4.0

NIH-PA Author Manuscript

Functional dependence (FAQ), score

3.8±4.5

Neuropsychiatric symptoms (NPI), score

1.9 (2.7)

Depressive symptoms (GDS), score

1.6 (1.4)

MRI variables
Hippocampal subcortical volume, mm3
Entorhinal cortical volume,

mm3

1641±381

Entorhinal cortical thickness, mm

3.0±0.5

Middle temporal cortical thickness, mm
Middle temporal cortical volume,

3168±537

mm3

2.6±0.2
9266.8±1455

Inferior temporal cortical thickness, mm

2.6±0.2

Inferior parietal cortical thickness, mm

2.1±0.2
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Characteristic

No. (%) or Mean ± SD

Blood-based biospecimens
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Apolipoprotein E, ≥1 e4 allele

207 (54)

Aβ-40, pg/mL

151±54

Aβ-42, pg/mL

36±12

Neuropsychological measures
ADAS-cog, total score

18.7±6.4

RAVLT Trial 6, words recalled

3.8±3.1

RAVLT delayed, words recalled

2.8±3.3

Digit Span Forward, no. digits

8.2±2

Digit Span Backward, no. digits

6.2±2

Category fluency-animals, no. correct
Category fluency-vegetables, no. correct

15.9±5
10.8±3.5

Clock Drawing Test, score<4

79 (21)

Trail Making Test-A, seconds

45±22

Trail Making Test-B, seconds
Digit Symbol Substitution Test, no. correct

NIH-PA Author Manuscript

Boston Naming Test, no. correct

131±73
36.9 (11.1)
25.5±4

AD, Alzheimer’s disease; ADAS-cog, Alzheimer’s Disease Assessment Scale – cognitive subscale; ANART, American National Adult Reading
Test; FAQ, Functional Assessment Questionnaire; GDS, Geriatric Depression Scale; MCI, mild cognitive impairment; NPI, Neuropsychiatric
Inventory; RAVLT, Rey Auditory Verbal Learning Test. Data missing as follows: ANART (2), Blood pressure (4), pulse (1), FAQ (3), all MRI (3),
Aβ-40 (34), Aβ-42 (34), Trail Making Test-B (4), Boston Naming Test (2), Digit Symbol Substitution Test (1), Digit Span Backward (2), ADAScog (3).
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Table 2
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Factors Associated with Conversion to AD (p<0.20) Within Each Domain
Characteristic

3-Year Conversion to AD

Domain-Specific HR (95% CI)

Demographic
Gender
Male

45.1%

1

Female

53.5%

1.33 (0.96,1.84)

Not married

47.4%

1

Married

48.3%

1.34 (0.88, 2.04)

Lowest quartile (0)

21.4%

1

Second quartile (1–2)

43.0%

2.47 (1.46,4.16)

Third quartile (3–6)

57.6%

3.99 (2.44,6.53)

Highest quartile (≥ 7)

79.9%

6.81 (4.16,11.17)

Marital status

Symptoms/vital signs
Functional dependence (FAQ) score
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Neuropsychiatric symptoms (NPI)
<4

44.4%

1

≥4

66.2%

1.46 (1.01,2.11)

≥22

45.3%

1

<22

62.0%

1.47 (1.01, 2.15)

Body mass index (kg/m2)

Insomnia
Yes

38.9%

1

No

49.4%

1.60 (0.97,2.64)

Highest quartile (3546–4716.5)

25.6%

1

Third quartile (3132.5–3546)

37.9%

1.35 (0.80, 2.27)

Second quartile (2792.5–3132.5)

53.7%

1.60 (0.93, 2.75)

Lowest quartile (1640.5–2792.5)

76.3%

2.08 (1.18, 3.67)

MRI variables
Hippocampal subcortical volume, mm3
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Entorhinal cortical volume, mm3
Highest quartile (1908.5–2830)

23.5%

1

Third quartile (1640.25–1908.5)

39.0%

1.59 (0.92, 2.73)

Second quartile (1354.4–1640.25)

60.6%

2.01 (1.17, 3.44)

Lowest quartile (779–1354.4)

70.7%

2.31 (1.30, 4.10)

Highest quartile (2.761–3.052)

30.7%

1

Third quartile (2.624–2.761)

32.3%

1.17 (0.71,1.92)

Second quartile (2.48–2.624)

51.3%

1.69 (1.05,2.72)

Lowest quartile (1.781–2.48)

80.7%

2.85 (1.80,4.54)

Middle temporal cortical thickness, mm

Genetic/blood-based biospecimens
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Characteristic

3-Year Conversion to AD

Domain-Specific HR (95% CI)

No e4 alleles

35.1%

1

≥1 e4 alleles

59.1%

1.86 (1.36,2.56)

Lowest quartile (3–14.33)

13.7%

1

Second quartile (14.34–18.67)

48.5%

2.90 (1.59,5.27)

Third quartile (18.68–23.00)

65.8%

3.76 (2.04,6.93)

Highest quartile (>23.00)

68.1%

3.82 (2.04,7.15)

APOE e4
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Neuropsychological measures
ADAS-cog, total score

RAVLT Trial 6, words recalled
Highest quartile (≥ 5)

13.2%

1

Third quartile (4–5)

46.8%

2.00 (0.95,4.20)

Second quartile (2–3)

65.1%

2.54 (1.17,5.52)

Lowest quartile (0–1)

65.8%

2.41 (1.09,5.31)

Highest quartile (≥ 5)

17.6%

1

Third quartile (3–4)

45.1%

1.14 (0.58, 2.25)

Second quartile (1–2)

53.4%

1.08 (0.55, 2.13)

Lowest quartile (0)

69.6%

1.63 (0.83, 3.20)

RAVLT delayed, words recalled
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Clock Test score
4–5

42.2%

1

0–3

71.0%

1.57 (1.11,2.23)

Lowest quartile (0–76)

35.7%

1

Second quartile (77–105.5)

42.7%

0.98 (0.61, 1.56)

Third quartile (105.5–165)

50.8%

1.44 (0.92, 2.26)

Highest quartile (>165)

65.8%

1.61 (1.03, 2.51)

Trail Making Test-B, seconds
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TABLE 3
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Final Prognostic Model for Conversion from Amnestic MCI to AD
Characteristic

Coefficient

Points

Functional dependence (FAQ) score
Lowest quartile (0)

0

0

Second quartile (1–2)

0.95

2

Third quartile (3–6)

1.02

2

Highest quartile (≥ 7)

1.52

3

0

0

Third quartile (2.624–2.761)

0.03

0

Second quartile (2.48–2.624)

0.47

1

Lowest quartile (1.781–2.48)

0.75

1

0

0

Third quartile (3132.5–3546.0)

0.27

0

Second quartile (2792.50–3132.5)

0.61

1

Lowest quartile (1640.5–2792.5)

0.81

1

0

0

Second quartile (14.34–18.67)

1.29

2

Third quartile (18.68–23.00)

1.64

2

Highest quartile (>23.00)

1.59

3

Clock Test score, <4

0.56

1

Total range

0–9

Middle temporal cortical thickness, mm
Highest quartile (2.761–3.052)

Hippocampal subcortical volume, mm3
Highest quartile (3546.0–4716.5)
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ADAS-cog, total score
Lowest quartile (3–14.33)

Harrell’s c (95% CI)

0.78 (0.75,0.81)

Corrected for optimism

0.74
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