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ABSTRACT

Objective: We sought to develop risk scores for the progression from cognitively normal (CN) to
mild cognitive impairment (MCI).

Methods: We recruited into a longitudinal cohort study a randomly selected, population-based
sample of Olmsted County, MN, residents, aged 70 to 89 years on October 1, 2004. At baseline
and subsequent visits, participants were evaluated for demographic, clinical, and neuropsycho-
logical measures, and were classified as CN, MCI, or dementia. Using baseline demographic
and clinical variables in proportional hazards models, we derived scores that predicted the risk
of progressing from CN to MCI. We evaluated the ability of these risk scores to classify partici-
pants for MCI risk.

Results: Of 1,449 CN participants, 401 (27.7%) developed MCI. A basic model had a C statistic
of 0.60 (0.58 for women, 0.62 for men); an augmented model resulted in a C statistic of 0.70
(0.69 for women, 0.71 for men). Both men and women in the highest vs lowest sex-specific quar-
tiles of the augmented model’s risk scores had an approximately 7-fold higher risk of developing
MCI. Adding APOE e4 carrier status improved the model (p 5 0.002).

Conclusions: We have developed MCI risk scores using variables easily assessable in the clinical
setting and that may be useful in routine patient care. Because of variability among populations,
validation in independent samples is required. These models may be useful in identifying patients
who might benefit from more expensive or invasive diagnostic testing, and can inform clinical
trial design. Inclusion of biomarkers or other risk factors may further enhance the models.
Neurology® 2015;84:1433–1442

GLOSSARY
CI 5 confidence interval; CN 5 cognitively normal; CDR 5 Clinical Dementia Rating; DSM-IV 5 Diagnostic and Statistical
Manual of Mental Disorders (Fourth Edition); IQR 5 interquartile range; MCI 5 mild cognitive impairment; MCSA 5 Mayo
Clinic Study of Aging; SE 5 standard error; STMS 5 Short Test of Mental Status; UPDRS 5 Unified Parkinson’s Disease
Rating Scale; WAIS-R 5 Wechsler Adult Intelligence Scale–Revised; WMS-R 5 Wechsler Memory Scale–Revised.

As clinicians and researchers strive to identify individuals at the highest risk of dementia in the
earliest possible stages, understanding the predictors of mild cognitive impairment (MCI) is cru-
cial because individuals with MCI have an increased risk of developing dementia. A method that
predicts an individual’s risk of developing MCI, particularly one that is brief, inexpensive, and
noninvasive, is essential for risk stratification at the population level and would enhance the
design and conduct of interventional trials.

Estimates of the prevalence and incidence of MCI have been published from the prospective
population-based Mayo Clinic Study of Aging (MCSA), designed to examine cognitive changes
among individuals initially without dementia.1–3 Analyses of MCSA data have identified several
factors associated with the risk of MCI including age, education, sex, APOE genotype,4 parkin-
sonism,5 diabetes,6–8 depressive symptoms,9 cardiovascular disease,10,11 stroke,12 and slow gait.13

In the present study, we focused on developing an algorithm that uses these variables to predict
the risk of transitioning from cognitively normal (CN) to MCI. We concentrated on
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information that could easily be obtained from
a medical record (i.e., prior to the physician
seeing the patient). Augmented models added
information obtained at the clinic visit (e.g.,
mental status examination, depression, and
anxiety symptoms), from an informant (e.g.,
Clinical Dementia Rating [CDR] scale), and
from a blood draw (APOE genotype). Because
risk factors for MCI have been found to vary
by sex, we developed sex-specific models and
risk scores.

METHODS Participants. The MCSA methods have previ-

ously been published.1–3 Briefly, we enumerated Olmsted County,

MN, residents between 70 and 89 years of age on October 1, 2004

using the medical records–linkage system of the Rochester Epide-

miology Project (total population in the age stratum5 9,953).14–17

We randomly sampled 5,233 participants, stratified by age and sex.

Of these, 4,398 were invited to participate and 2,719 (61.8%)

either participated in person (n 5 2,050) or by telephone (n 5

669). Compared with participants, nonparticipants had less educa-

tion, were older, more frequently men, and had more medical

comorbidities.2 The present study is based on individuals who par-

ticipated in person at baseline. As previously reported, the charac-

teristics of the individuals who participated in person, vs by

telephone, were generally similar. However, telephone participants

were more likely to be women (70.3% vs 48.9%; p , 0.0001)

and less likely to have $12 years of education (40.2% vs 51.9%;

p , 0.0001) than in-person participants.2

Standard protocol approvals, registrations, and patient
consents. The study protocols were approved by the Mayo

Clinic and Olmsted Medical Center institutional review boards.

All participants provided signed informed consent.

Clinical evaluation and attainment of risk factors. Each
visit included a study coordinator interview, physician visit, and

an extensive neuropsychological battery. A study coordinator

met with each participant and an informant and gathered demo-

graphic information, family history, body mass index, timed gait

speed, depressive (Beck Depression Inventory) and anxiety (Beck

Anxiety Inventory) symptoms, and the Short Blessed Test.18

Question 5 of the Short Blessed Test, “Do you feel as if you have

any problems with any aspect of your thinking or memory lately?”

was used to determine the presence of subjective memory com-

plaints. The informant interview included the Neuropsychiatric

Inventory,19 CDR,20 and Functional Activities Questionnaire.21

A physician performed a medical history review, administered the

Short Test of Mental Status (STMS),22 and performed a neuro-

logic examination including the Unified Parkinson’s Disease Rat-

ing Scale (UPDRS).23 A psychometrist assessed impairment in 9

tests covering 4 cognitive domains: memory: Wechsler Memory

Scale–Revised (WMS-R) Logical Memory II (delayed recall),

WMS-R Visual Reproductions II (delayed recall), and Auditory

Verbal Learning Test (delayed recall); attention-executive

function: Trail Making Test Part B and Digit Symbol

Substitution from the Wechsler Adult Intelligent Scale–Revised

(WAIS-R); language: Boston Naming Test and category fluency

scores; and visuospatial skills: Block Design and Picture

Completion Tests from the WAIS-R.

In addition, trained nurses abstracted information on medical

comorbidities (e.g., history of hypertension, diabetes, heart

disease, heart failure, and stroke), at the time of the baseline visit

and retrospectively during midlife (ages 50–69), from the medical

records–linkage system. APOE e4 genotype was assessed by stan-

dard laboratory procedures using DNA extracted from blood.24

Diagnosis of cognitive impairment at baseline and
subsequent visits. We did not use a cognitive score–based algo-

rithm to derive the diagnosis of MCI. Rather, a panel including

the study coordinator, neuropsychologist, and physician who had

examined the participant discussed each component of the exam-

ination and assigned a diagnosis of MCI according to published

criteria. Namely, the criteria for MCI included the following: (1)

cognition concern by the participant, informant, coordinator, or

physician; (2) impairment in at least one neuropsychological

domain; (3) essentially normal functional activities as derived

from the CDR and the Functional Activities Questionnaire;

and (4) the absence of dementia.1,2,25 Dementia was diagnosed

using DSM-IV criteria.26 Participants who did not meet these

criteria for MCI or dementia were classified as CN.27

Longitudinal follow-up for outcomes. Participants were fol-
lowed at 15-month intervals using the baseline protocol. Diagnosis

at follow-up was made without reference to data or clinical

diagnosis from prior visits. Individuals who participated in the

full assessment at the initial visit, but who declined further

in-person evaluations, were invited to continue their participation

via a telephone interview that included the Telephone Interview

of Cognitive Status–modified28–30 and the CDR.20 These data

were used to obtain a diagnosis of MCI.31 The Rochester

Epidemiology Project database was used to identify participants

who had died, and to obtain their date of death.

Statistical analyses. CN participants were followed from their

initial in-person evaluation until their first diagnosis of MCI,

diagnosis of dementia without an intervening diagnosis of MCI

(n 5 20), they withdrew from the study, died, or their last

study visit. The age at incident MCI was determined at the

midpoint between the last visit when a participant was

diagnosed as CN and the first diagnosis of MCI.

We first developed a basic clinical risk model using variables

that could be easily ascertained in the clinic (table 1). These

variables included demographics (e.g., age, education, marital sta-

tus) and clinical features (e.g., body mass index, cardiovascular

disease, diabetes, family history of dementia). We then developed

an augmented clinical model that also included informant-based

measures and information typically collected in clinical and neu-

rologic examinations (table 1). These variables included gait

speed, neuropsychiatric symptoms, CDR, UPDRS, STMS, and

Hachinski Ischemic Scale. Finally, we added APOE genotype to

the augmented clinical model. Variables endorsed by fewer than

10 people at baseline (see table 1) were not examined to avoid

inclusion of coefficients with unreliable estimates.

We used Cox proportional hazards models to examine the as-

sociations of the selected variables with incident MCI, with age as

the time scale. We estimated separate baseline hazard functions

within the sampling strata of sex by decade of age at enrollment

(70–79 or 80–89). Because our analyses allowed for separate

baseline hazard functions by sex, we evaluated whether variables

might contribute to risk scores differentially by sex. We identified

variables to be retained in the risk models using penalized regres-

sion approaches implemented in the glmnet R package. Penalized

regression approaches overcome some of the limitations of step-

wise model selection approaches by estimating model coefficients

while constraining, or “shrinking,” estimates to not be too large.

We used 10-fold cross-validation32 to estimate the shrinkage

parameter. We used all variables whose covariates retained
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Table 1 Variables examined for association with incident MCI in the initial clinical model (A) and in the
augmented clinical model (B)

A. Candidate variables for initial clinical model

Variable Cognitively normal, n (%)a Incident MCI, n (%)b p Valuec

Age ‡80 y 429 (40.9) 254 (63.3) —d

Male 523 (49.9) 199 (49.6) —d

Education £12 y 418 (39.9) 202 (50.4) ,0.001e

Self-reported memory concerns 260 (24.8) 136 (34.0) 0.003e

First-degree relative with dementia 286 (27.6) 110 (27.8) 0.831

Marital status 0.043e

Married 680 (64.9) 222 (55.4)

Single 97 (9.3) 46 (11.5)

Widowed 271 (25.9) 133 (33.2)

BMI, kg/m2 0.827

<18.5 7 (0.7) 5 (1.3)

18.5–24.9 301 (29.2) 119 (30.3)

25–29.9 431 (41.8) 166 (42.2)

‡30 291 (28.3) 103 (26.2)

Ever smoked 511 (48.8) 187 (46.6) 0.575

Ever diagnosed with alcohol problem 31 (3.0) 22 (5.5) 0.003e

Sleep apnea 112 (10.7) 43 (10.7) 0.495

History of stroke 85 (8.1) 53 (13.2) 0.009e

Hypertension 783 (74.7) 319 (79.6) 0.239

Untreated hypertension 41 (3.9) 7 (1.7) 0.084

Dyslipidemia 814 (77.7) 308 (76.8) 0.509

Atrial fibrillation 144 (13.7) 74 (18.5) 0.107

Angina 341 (32.5) 145 (36.2) 0.176

Congestive heart failure 99 (9.4) 52 (13.0) 0.067

Coronary artery disease 414 (39.5) 170 (42.4) 0.413

Myocardial infarction 150 (14.3) 64 (16.0) 0.524

CABG 106 (10.1) 45 (11.2) 0.446

Diabetes 140 (13.4) 80 (20.0) ,0.001e

Midlife diabetes 49 (4.7) 26 (6.5) 0.001e

Midlife hypertension 334 (31.9) 129 (32.2) 0.086

Midlife dyslipidemia 416 (39.7) 127 (31.7) 0.191

Maximum adult BMI, kg/m2 0.251

<18.5 3 (0.3) 1 (0.2)

18.5–24.9 266 (25.4) 109 (27.2)

25–29.9 485 (46.3) 174 (43.4)

‡30 294 (28.1) 117 (29.2)

No. of medications, median (25th, 75th percentile) 6 (4, 9) 7 (5, 10) 0.002e

B. Added variables for augmented clinical model

Variable Cognitively normal, n (%)a Incident MCI, n (%)b p Valuec

Slow gait, <0.9 m/s 189 (18.0) 118 (29.4) 0.002e

Anxiety, BAI ‡8 110 (10.5) 59 (14.8) 0.001e

Depressed, BDI ‡13 67 (6.6) 43 (11.1) ,0.001e

UPDRS total score >0 422 (40.3) 197 (49.3) 0.079

Continued
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nonzero coefficients, regardless of their statistical significance, from

these penalized models in separate Cox proportional hazards models

to obtain estimates of the regression coefficients for the final risk

models, combining estimates across men and women when this

improved model fit. We divided these coefficients by the smallest

coefficient in the correspondingmodel, and rounded the results to the

nearest integer to obtain a risk score contribution for each variable in

the model. An overall risk score from each model was obtained for

each participant by summing the per-variable risk score contributions.

We evaluated whether the risk scores were concordant with

observedMCI outcomes by computing C statistics,33 which estimate

the probability that a risk score is higher for an affected individual

than for an unaffected individual. We summarized the risk of MCI

using Kaplan–Meier survival curves, and estimated the cumulative

incidence of MCI while accounting for the competing risk of death

for groups of individuals defined by quartiles of the risk scores.34

Because we currently lack an external validation dataset, we

conducted a cross-validation exercise to preliminarily assess the sta-

bility of the risk scores. We used leave-one-out cross-validation,

where the risk scores from each individual were estimated using da-

tasets that did not include data from that individual.35 We assessed

the accuracy with which the cross-validated risk scores classified

participants according to MCI risk and report the C statistics and

model performance.

RESULTS At baseline, 1,640 participants were CN.
Of these, 82 died and an additional 109 did not

Table 1 Continued

B. Added variables for augmented clinical model

Variable Cognitively normal, n (%)a Incident MCI, n (%)b p Valuec

Short Test of Mental Status ,0.001e

<33 183 (17.6) 160 (40.4)

33–34 273 (26.2) 128 (32.3)

35 190 (18.2) 51 (12.9)

36 188 (18.0) 41 (10.4)

371 208 (20.0) 16 (4.0)

NPI

Delusions 4 (0.4) 1 (0.3) 0.786

Hallucinations 2 (0.2) 3 (0.8) 0.174

Agitation 14 (1.4) 19 (4.9) ,0.001e

Depression 93 (9.1) 60 (15.5) ,0.001e

Anxiety 37 (3.6) 29 (7.5) 0.002e

Euphoria 1 (0.1) 6 (1.6) 0.001e

Apathy 32 (3.1) 25 (6.5) ,0.001e

Disinhibition 10 (1.0) 12 (3.1) ,0.001e

Irritability/lability 59 (5.8) 37 (9.6) 0.001e

Motor behavior 4 (0.4) 3 (0.8) 0.467

Appetite/eating change 41 (4.0) 26 (6.7) 0.110

FAQ total score >0 236 (22.7) 137 (34.5) ,0.001e

CDR–Sum of Boxes >0 34 (3.3) 53 (13.3) ,0.001e

Hachinski total score >0 712 (68.1) 310 (77.5) 0.002e

Abbreviations: BAI 5 Beck Anxiety Inventory; BDI 5 Beck Depression Inventory; BMI 5 body mass index; CABG 5 coronary
artery bypass graft; CDR 5 Clinical Dementia Rating; FAQ 5 Functional Activities Questionnaire; MCI 5 mild cognitive
impairment; NPI 5 Neuropsychiatric Inventory; UPDRS 5 Unified Parkinson’s Disease Rating Scale.
a Total number of participants who were cognitively normal at baseline and who did not progress to MCI was 1,048. Data
missingness was low, with only self-reported memory concerns (1 participant), family history of dementia (10 participants),
BMI (18), ever diagnosed with an alcohol problem (4), BAI (1), BDI (37), UPDRS (2), Short Test of Mental Status (6), NPI (28),
FAQ (7), CDR–Sum of Boxes (4), and Hachinski (2 participants) having missing data.
b Total number of participants who were cognitively normal at baseline and who progressed to MCI was 401. Data
missingness was low, with only self-reported memory concerns (1 participant), family history of dementia (5), BMI (8), ever
diagnosed with an alcohol problem (1), BAI (1), BDI (13), UPDRS (1), Short Test of Mental Status (5), NPI (14), FAQ (4), CDR–
Sum of Boxes (1), and Hachinski (1 participant) having missing data.
cComparisons were made using Cox proportional hazards models while estimating separate baseline hazard functions for
combinations of sex and decade of age at enrollment.
dStratification factors were not tested individually for associations with incident MCI, because different baseline risks
were estimated within each of the 4 combinations of these 2 factors.
eAssociations significant at the p , 0.05 level.
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return for additional assessment before any follow-up,
leaving 1,449 participants with at least one follow-up
for these analyses. Over a median follow-up of 4.8
years (interquartile range [IQR]: 2.5, 6.4 years),
401 (27.7%) received a diagnosis of MCI and 319
(22.0%) died.

Table 1 presents baseline demographic and med-
ical history characteristics of participants by cognitive
status at last follow-up. To meet the proportional
hazards assumption, we allowed for potential age-
dependent (,75, 75–84, 85–89, and 901) diabetes
effects. Based on the cross-validated estimate of the
degree of shrinkage in penalized regression models,
13 variables with nonzero regression coefficients were
included in the initial model (table 2). The leave-one-
out cross-validated C statistic (standard error [SE])
from this initial model was 0.60 (0.03). The esti-
mated risk score contributions for each variable are
shown in table 2. For instance, having completed
#12 years of education adds 2 points to an individ-
ual’s risk score. The median (IQR) of the cross-
validated risk scores was 3 (2, 5) in men, and 3 (2,
4) in women. Panels A and D of the figure illustrate
the MCI-free survival for women and men by quar-
tiles of the cross-validated risk scores. Women in the

highest quartile were at a 2.1-fold (95% CI: 1.5, 2.9)
higher hazard of MCI vs the lowest quartile. Men in
the highest quartile were at a 3.0-fold (95% CI: 2.2,
4.2) higher hazard of MCI vs the lowest quartile.

Table 1 also presents summaries of the additional
patient characteristics that were examined for the aug-
mented clinical model. To meet the proportional
hazards assumption, we used 4 different diabetes
coefficients within the 4 baseline age groups (,75,
75–84, 85–89, and 901) and categorized the STMS
into quintiles. Based on the cross-validated estimate of
the degree of shrinkage in penalized regression mod-
els, 25 variables with nonzero regression coefficients
were included in the augmented model (table 3). The
leave-one-out cross-validated C statistic (SE) from this
augmented clinical model was 0.70 (0.03). The esti-
mated risk score contributions for each variable are
shown in table 3. The median (IQR) of the cross-
validated risk score was 36 (26, 45) in women and
27 (18, 37) in men. Panels B and E of the figure
illustrate the MCI-free survival by quartiles of the
cross-validated risk scores for women and men.
Women in the highest quartile were at a 7.2-fold
(95% CI: 4.3, 12.1) higher risk of MCI vs the lowest
quartile. Men in the highest quartile were at a 7.1-fold
(95% CI: 4.4, 11.4) higher risk of MCI vs the lowest
quartile.

APOE e4 carrier status significantly added to the
augmented clinical model (hazard ratio 5 1.44, 95%
CI: 1.14, 1.82). The median (IQR) of the cross-
validated risk score was 49 (37, 62) in women and
38.5 (26, 53) in men. The cross-validated C statistic
(SE) was 0.70 (0.03). Women in the highest quartile
were at a 6.0-fold (95% CI: 3.7, 9.6) higher risk vs
the lowest quartile (figure, C). Men in the highest
quartile were at a 7.5-fold (95% CI: 4.5, 12.4) higher
risk vs the lowest quartile (figure, F).

Table 4 illustrates the cumulative incidence of
MCI at 1-year follow-up intervals for men and
women at selected ages using the augmented clinical
model without APOE e4 genotypes and accounting
for the competing risk of death (table e-1 on the
Neurology® Web site at Neurology.org contains esti-
mates from the model that includes APOE). The
5-year cumulative incidence rates suggest greater risk
in men than women for participants 80 years and
younger, and a greater risk in women than men for
participants older than 80 years.

DISCUSSION We developed risk scores for predict-
ing incident MCI using variables that can easily be
obtained in a clinical setting. Although not all persons
with MCI progress to dementia, they are at greater
risk than CN individuals.36 Early detection of indi-
viduals at high risk of developing MCI provides a
wider window of opportunity to initiate preventive

Table 2 Predictors of MCI in the clinical risk model based on basic demographic
and medical history featuresa

Variable HR (95% CI)b
Risk score
contribution

Men and women

Education £12 y 1.50 (1.24–1.83) 2

Self-reported memory concerns 1.41 (1.15–1.73) 2

Ever diagnosed with alcohol problem 1.70 (1.09–2.65) 3

History of stroke 1.26 (0.94–1.70) 1

Diabetes and age at assessment <75 y 2.21 (1.27–3.84) 5

Diabetes and age at assessment 75–84 y 1.35 (0.97–1.87) 2

History of atrial fibrillation 1.20 (0.93–1.53) 1

Predictors for women only

Current smoker 1.83 (0.93–3.60) 3

Midlife dyslipidemia 1.34 (0.96–1.87) 2

Definite or probable diabetes in midlife 1.34 (0.67–2.69) 2

Midlife hypertension 1.27 (0.94–1.72) 1

Predictors for men only

Maximum adult BMI ‡30 kg/m2 1.41 (1.03–1.92) 2

Never married, or widowed 1.56 (1.12–2.18) 3

Abbreviations: BMI 5 body mass index; CI 5 confidence interval; HR 5 hazard ratio; MCI 5
mild cognitive impairment.
a The model was estimated using data obtained at baseline assessment from 1,418
cognitively normal individuals, 410 of whom progressed to MCI. The C statistic (standard
error [SE]) was 0.62 (0.03) and the cross-validated C statistic (SE) was 0.60 (0.03). The
cross-validated C statistic (SE) was 0.58 (0.03) for women and 0.62 (0.03) for men.
bMultivariable HR estimates.
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measures. Risk scores for MCI could likewise be used
to identify those patients most likely to benefit from
additional biomarker information, which must be
obtained via more invasive and expensive procedures,
e.g., MRI, PET scanning, or CSF analyses. These
scores could also be used in the design of primary
or secondary prevention clinical trials.

We previously identified risk factors associated
with an increased risk of MCI.1–13 The present anal-
yses demonstrate the predictive importance of these
risk factors when incorporated into multivariable
models and suggest that there are variables that

quantify MCI risk differently for men and women.
The risk scores obtained from these multivariable
models can be used to stratify CN individuals accord-
ing to their risk of MCI. Of note, all variables in these
risk models, except APOE e4 genotype, can be inex-
pensively assessed in the clinician’s office.

When evaluated individually, several variables
stand out as being associated with incident MCI.
Individuals with self-reported memory complaints
and those with diabetes were at higher risk of MCI.
Markers of general health, including number of med-
ications and slow gait, were also associated with risk of

Figure Kaplan–Meier curves for MCI-free survival among participants in the MCSA, classified by quartiles of the cross-validated MCI risk
scores measured at baseline

Panels A and D correspond to the basic clinical model. Panels B and E correspond to the augmented clinical model. Panels C and F correspond to the aug-
mented clinical model after the addition of APOE e4 carrier status. Panels A, B, and C show data from women and panels D, E, and F show data from men.
Women classified into the second, third, and fourth quartiles of the risk score by the basic model were 1.3 (95%CI: 0.8, 2.0), 1.4 (95%CI: 1.0, 2.0), and 2.1
(95%CI: 1.5, 3.0) times as likely to progress toMCI as women classified into the first quartile (A). Men classified into the second, third, and fourth quartiles of
the risk score by the basic model were 0.9 (95% CI: 0.5, 1.6), 1.3 (95% CI: 0.9, 1.9), and 3.0 (95% CI: 2.2, 4.2) times as likely to progress to MCI as men
classified into the first quartile (D). Women classified into the second, third, and fourth quartiles of the risk score by the augmented model were 2.7 (95%CI:
1.5, 4.6), 4.2 (95% CI: 2.5, 7.1), and 7.2 (95% CI: 4.3, 12.1) times as likely to progress to MCI as women classified into the first quartile (B). Men classified
into the second, third, and fourth quartiles of the risk score by the augmentedmodel were 1.8 (95%CI: 1.1, 3.2), 4.0 (95%CI: 2.4, 6.6), and 7.1 (95%CI: 4.4,
11.5) times as likely to progress to MCI as men classified into the first quartile (E). After adding APOE e4 carrier status to the augmented model, women
classified into the second, third, and fourth quartiles of the updated risk score were 2.2 (95%CI: 1.3, 3.7), 3.6 (95%CI: 2.2, 5.9), and 6.0 (95%CI: 3.7, 9.6)
times as likely to progress to MCI as women classified into the first quartile (C). Likewise, men classified into the second, third, and fourth quartiles of the
updated risk score were 2.0 (95% CI: 1.1, 3.6), 4.6 (95% CI: 2.8, 7.8), and 7.5 (95% CI: 4.5, 12.4) times as likely to progress to MCI as men classified into
the first quartile (F). CI 5 confidence interval; MCI 5 mild cognitive impairment; MCSA 5 Mayo Clinic Study of Aging.
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Table 3 Predictors of MCI in the augmented clinical model, both withouta and withb the inclusion of APOE e4
carrier status

Variable

Without APOE e4 With APOE e4

HR (95% CI)a
Risk score
contribution HR (95% CI)b

Risk score
contribution

Men and women

Education £12 y 1.13 (0.92–1.40) 2 1.11 (0.90–1.37) 2

Self-reported memory concerns 1.27 (1.02–1.59) 4 1.24 (0.99–1.55) 5

Ever diagnosed with alcohol problem 1.09 (0.68–1.77) 2 1.12 (0.69–1.80) 3

History of stroke 1.11 (0.80–1.53) 2 1.07 (0.77–1.48) 2

Diabetic and age at assessment <75 y 2.30 (1.29–4.10) 14 2.28 (1.28–4.06) 19

Diabetic and age at assessment 75–84 y 1.40 (0.99–1.99) 6 1.48 (1.04–2.09) 9

History of atrial fibrillation 1.12 (0.86–1.46) 2 1.10 (0.84–1.44) 2

Presence of agitation, NPI 2.29 (1.40–3.75) 14 2.37 (1.45–3.89) 20

Presence of apathy, NPI 1.36 (0.86–2.13) 5 1.34 (0.85–2.12) 7

Presence of anxiety, NPI 1.39 (0.94–2.07) 6 1.32 (0.89–1.97) 6

CDR–Sum of Boxes >0 3.11 (2.24–4.32) 19 3.09 (2.22–4.29) 26

APOE e4 carrier — — 1.44 (1.14–1.82) 8

Predictors for women only

Short Test of Mental Statusc

<33 9.04 (3.90–20.9) 38 9.11 (3.92–21.1) 51

33–34 7.27 (3.13–16.9) 34 7.19 (3.10–16.7) 46

35–36 3.89 (1.66–9.15) 23 3.91 (1.67–9.20) 32

371 1.0 (Ref.) 0 1.0 (Ref.) 0

Midlife dyslipidemia 1.43 (1.01–2.02) 6 1.41 (1.00–1.99) 8

UPDRS total score >0 1.06 (0.79–1.42) 1 1.04 (0.78–1.40) 1

FAQ total score >0 1.07 (0.79–1.47) 1 1.09 (0.80–1.50) 2

Predictors for men only

Maximum adult BMI ‡30 kg/m2 1.23 (0.89–1.71) 4 1.24 (0.89–1.71) 5

Never married, or widowed 1.72 (1.20–2.48) 9 1.76 (1.22–2.54) 13

Slow gait, <0.9 m/s 1.69 (1.20–2.37) 9 1.63 (1.16–2.29) 11

Anxiety, BAI ‡8 1.45 (0.94–2.24) 6 1.47 (0.95–2.26) 9

Depressed, BDI ‡13 1.19 (0.74–1.92) 3 1.23 (0.76–1.97) 5

Short Test of Mental Statusc

<33 5.32 (2.69–10.5) 29 5.42 (2.75–10.7) 39

33–34 3.32 (1.69–6.52) 21 3.25 (1.65–6.37) 27

35–36 2.31 (1.15–4.61) 14 2.28 (1.14–4.56) 19

371 1.0 (Ref.) 0 1.0 (Ref.) 0

Abbreviations: BAI 5 Beck Anxiety Inventory; BDI 5 Beck Depression Inventory; BMI 5 body mass index; CDR 5 Clinical
Dementia Rating; CI5 confidence interval; FAQ5 Functional Activities Questionnaire; HR5 hazard ratio; MCI5mild cognitive
impairment; NPI 5 Neuropsychiatric Inventory; Ref. 5 reference; UPDRS 5 Unified Parkinson’s Disease Rating Scale.
a The HRs for the augmented clinical model were estimated using data from 1,321 cognitively normal individuals, 381 of
whom progressed to MCI. The C statistic (standard error [SE]) of the risk score was 0.73 (0.03) and the cross-validated C
statistic (SE) was 0.70 (0.03). The cross-validated C statistic (SE) was 0.69 (0.03) for women, and for men it was 0.71
(0.03).
b The HRs for the augmented clinical model plus APOE e4 carrier status were estimated using data from 1,318 cognitively
normal individuals, 380 of whom progressed to MCI. The C statistic (SE) of the risk score was 0.73 (0.03) and the cross-
validated C statistic (SE) was 0.70 (0.03). The cross-validated C statistic (SE) was 0.69 (0.03) for women and 0.71 (0.03)
for men.
c Individuals scoring 37 or higher on the Short Test of Mental Status comprise the reference group, and therefore receive
no points for this variable in the overall risk score.
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MCI. In addition, informant-reported neuropsychi-
atric features, and clinical and neurologic assessment
summary scores (e.g., STMS and UPDRS) were asso-
ciated with MCI risk. Although it remains unclear
whether these features are precursors to, or effects
of, cognitive change, all measurements were made
when the study participants were CN. Although it
is difficult to interpret these results from an etiologic
standpoint, it is possible to use this baseline informa-
tion to predict a later diagnosis of MCI.

The cross-validated C statistic from the basic
model was 0.60, suggesting it has a relatively low abil-
ity to classify individuals by MCI risk. The perfor-
mance of the augmented model was significantly
better. In this model, STMS22 was the strongest
predictor of MCI risk. A nonzero score on the
CDR–Sum of Boxes20 and measures from the Neu-
ropsychiatric Inventory19 were also associated with an
increased risk of MCI. Notably, many predictive fac-
tors were different for men and women. The cross-
validated C statistic was 0.70, and the separation of
the survival curves for quartiles of the risk score was
much greater than for the basic risk model.

APOE e4 carrier status was associated with an
increased risk of incident MCI. However, while
APOE information did improve the estimation of risk
scores at the individual level, the C statistic for the
model that incorporated this genetic feature was
unchanged from the augmented clinical model.
This finding highlights a need to conduct further
population-based studies to determine whether addi-
tional biomarkers improve risk stratification for MCI,
and ultimately dementia.

The cumulative incidence estimates shown in
table 4, adjusted for the competing risk of death,
may be used to estimate the risk of MCI for individ-
uals with a given score and a given age. Overall, the
risk of MCI increases with age. Younger men have
higher risk than younger women, whereas older
women have somewhat higher risk than older men,
consistent with our prior observations in the MCSA.3

It should be noted that these estimates were obtained
using sex-specific groupings, from risk scores that
incorporated different risk factors for men and
women. These apparent age-sex differences in cumu-
lative incidence raise critical questions about the
potential impact of sex differences in the etiology or
survival on MCI. It is our intention to identify addi-
tional features that further explain these differences in
cumulative incidence by age and sex as we accrue
additional follow-up and obtain greater statistical
power.

Limitations of the work must be acknowledged.
First, although we have utilized a cross-validation
approach to model development and assessment,
the results need to be validated in an independent

Table 4 Cumulative incidence of MCI in the 5 years after baseline assessment,
obtained ingroupsdefinedbyquartilesof thecross-validated risk score from
the augmented clinical model that did not include APOE e4 carrier status

Risk score

Cumulative incidence of MCI

1 y 2 y 3 y 4 y 5 y

Woman, age 70 y

<27 0.8 1.4 1.6 3.1 4.7

27–36 0.8 1.4 1.7 3.2 5

37–45 1.4 2.4 2.7 5.3 8.1

461 2.5 4.3 4.9 9.4 14.2

Woman, age 75 y

<27 1.3 2.2 2.5 4.9 7.5

27–36 1.4 2.3 2.7 5.2 7.9

37–45 2.2 3.8 4.4 8.4 12.7

461 4 6.8 7.8 14.6 21.6

Woman, age 80 y

<27 2.7 4.6 7.3 12.4 17.5

27–36 2.8 4.9 7.7 13 18.3

37–45 4.7 7.9 12.4 20.6 28.4

461 8.3 13.9 21.3 34 44.8

Woman, age 85 y

<27 4.3 7.3 11.5 19 26.1

27–36 4.6 7.7 12 19.7 26.7

37–45 7.5 12.5 19.1 30.4 39.9

461 13.2 21.4 31.7 47.1 58.1

Man, age 70 y

<19 2.3 3.9 5.2 7.2 9.8

19–27 2.4 4.1 5.5 7.6 10.3

28–37 4 6.8 8.9 12.3 16.4

381 7.2 11.9 15.6 21.1 27.6

Man, age 75 y

<19 3.7 6.2 8.3 11.3 15.1

19–27 4 6.6 8.7 11.9 15.7

28–37 6.4 10.7 14 18.9 24.5

381 11.4 18.5 23.8 31.2 39.1

Man, age 80 y

<19 4.8 7.8 9 13.4 17.5

19–27 5.1 8.3 9.5 14 18.1

28–37 8.2 13.3 15.2 22 28

381 14.5 22.8 25.7 35.8 43.7

Man, age 85 y

<19 7.6 12.3 14 20.1 25.3

19–27 8.1 12.8 14.6 20.5 25.2

28–37 13.1 20.3 22.9 31.5 37.8

381 22.5 33.3 36.9 47.7 54.1

Abbreviation: MCI 5 mild cognitive impairment.
Estimates are shown as percentages, and were obtained while accounting for the compet-
ing risk of death for the selected baseline ages for men and women.
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cohort. It is possible that the identified risk scores
may have different behavior outside of the MCSA.
Second, our analyses focused onMCI incidence with-
out regard for MCI subtype. It is likely that risk fac-
tors are different for nonamnestic vs amnestic MCI.
We plan to assess these differences as we accrue more
follow-up, and more incident cases of both amnestic
and nonamnestic MCI. Lastly, the population of
Olmsted County, MN, aged 70 and older is predom-
inantly white and of European ancestry. Assessment
of this risk score in more heterogeneous populations
is needed to ascertain generalizability.

Important strengths of our study are that the mod-
els are based on longitudinally gathered data, ob-
tained from a population-based sampling, and that
the model estimates are applicable to CN individuals
between the ages of 70 and 89 years, ages when symp-
toms of cognitive impairment typically emerge at
increasing frequency. We have initiated studies of
younger participants (less than 70 years), and the
findings from a younger group will help develop risk
scores for early-onset cognitive impairment, and will
also provide critical information regarding the etiol-
ogy of MCI and dementia.

We have developed models and scores that predict
the risk of MCI among CN persons between the ages
of 70 and 89 years. This may be useful to clinicians as
they evaluate and counsel their patients, and to re-
searchers as they design trials to study treatments to
reduce the risk of cognitive impairment and demen-
tia. Although additional validation in independent
cohorts is essential, this is an important first step in
classifying individuals into different categories of
MCI risk.
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