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Abstract

Introduction: This study aimed to develop and validate a 3-year dementia risk score in

individuals with mild cognitive impairment (MCI) based on variables collected in rou-

tine clinical care.

Methods:Theprediction scorewas trainedanddevelopedusingdata fromtheNational

Alzheimer’s Coordinating Center (NACC). Selection criteria included aged 55 years

and older with MCI. Cox models were validated externally using two independent

cohorts from the Prospective Registry of Persons withMemory Symptoms (PROMPT)

registry and the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database.

Results: Our Mild Cognitive Impairment to Dementia Risk (CIDER) score predicted

dementia risk with c-indices of 0.69 (95% confidence interval [CI] 0.66–0.72), 0.61

(95% CI 0.59–0.63), and 0.72 (95% CI 0.69–0.75), for the internally validated and the

external validation PROMPT, and ADNI cohorts, respectively.
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1 BACKGROUND

Dementia is typically preceded bymild cognitive impairment (MCI). On

average, the annual risk of progression in specialist clinic populations

is 9.6% and and in community-based studies is 4.9%,1 with progression

usually occurring within 2 to 3 years.2 Persons withMCI often request

information about their risk of developing dementia.3 Accurate knowl-

edge of being at a higher personal risk might serve as motivation to

adopt beneficial preventive lifestyle modifications as well as planning

for the future by completing advance care directives.4

There is currently no dementia risk score for individuals with MCI

that is suitable for application in routine clinical practice.5 System-

atic reviews5,6 identified two dementia risk scores for individuals with

amnestic MCI (excluding studies without any validation process or in

which the number of events is smaller than 100), but neitherwas exter-

nally validated, and both used information unlikely to be available in a

routine clinical practice.

The objective of this study was to develop and validate a pragmatic

and clinically useful score,MildCognitive Impairment toDementiaRisk

(CIDER), to predict dementia risk in persons with MCI, suitable for

application in a care setting without access to advanced imaging, cere-

brospinal fluid analysis, or neuropsychological testing. Additionally, we

sought to determine whether two commonly used global cognitive

screening tools, the Folstein Mini-Mental State Examination (MMSE)7

and the Montreal Cognitive Assessment (MoCA)8, provide predictive

information on the prognosis ofMCI.

2 METHODS

2.1 Data sources

We used data from three sources: the National Alzheimer’s Coor-

dinating Center’s Uniform Data Set (NACC-UDS; naccdata.org), the

Prospective Registry of Persons with Memory Symptoms (PROMPT)

of the Cognitive Neurosciences Clinic at the University of Calgary; and

the Alzheimer’s Disease Neuroimaging Initiative (ADNI). NACC was

established by National Institute on Aging (NIA)-funded Alzheimer’s

Disease Research Centers (ADRCs) that recruit and collect data on

subjects with cognitive function ranging from normal to dementia. The

NACC-UDS is a longitudinal dataset that includes demographic and

standardized clinical data collected approximately annually. All test

centers administered standardized forms and informed consent was

collected from all subjects and their informants. Detailed information

on the cohort and neuropsychological battery of tests included in the

UDS is described elsewhere.9–11 The PROMPT registry was estab-

lished in July 2010 and enrolls patients referred to the Cognitive Neu-

rosciences Clinic, operating in two tertiary care centers in Calgary,

for assessment of cognitive or behavioral dysfunction.12 Consecutive

patients are approached for consent, and all patients attending the

clinic are eligible to participate. The ADNI was used as another inde-

pendent external validation dataset.13 The primary goal of ADNI has

been to test whether biomarkers can be combined tomeasure the pro-

gression ofMCI and early Alzheimer’s disease (AD).

2.2 Ethical considerations

The NACC database itself is exempt from institutional review board

review. The PROMPT has been approved by the University of Cal-

gary Conjoint Health Research Ethics Board. All ADNI subjects or their

proxies provided written informed consent.

2.3 Derivation cohort

As the NACC is one of the largest and most comprehensive longitudi-

nal datasets for dementia research, it was used to develop our models.

There were 6222 patients withMCI, aged 55 years and older, who had

at least one follow-up after the baseline visit within 3 years, and had

eitherMoCA orMMSE scores. MCI was defined based on criteria from

the NIA-Alzheimer’s Association (NIA-AA).14 There are three versions

of NACC-UDS (version 1: 2005–2008; version 2: 2008–2015; version

3: 2015-present). The MoCA was administered from 2015 on, while

the MMSE was collected in the previous versions. Test administration

in Spanish was allowed. The “NACC-MoCA” cohort (N = 1233) refers

to those enrolled from 2015 onward, and the “NACC-MMSE” cohort

(N = 4989) refers to those enrolled earlier. Figure S1 in supporting

information shows the identification of the study cohort for model

development.

2.4 Validation cohorts

In PROMPT, there were 452 individuals aged 55+ years with MCI

based on NIA-AA criteria.14 MCI participants were not required to

have AD biomarkers or a working diagnosis of AD. Figure S2 in sup-

porting information shows the identification of this validation cohort

http://naccdata.org
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for model testing. Figure S3 in supporting information shows the iden-

tification of the ADNI validation cohort. Participants included in ADNI

were between 55 and 90 years of age, English or Spanish speakers,

and were accompanied by study partners. We identified a sample of

598 individuals with MCI that was defined as having a MMSE score

between 24 and 30, reported subjective complaints, objectivememory

deficits defined as Wechsler Memory Scale Logical Memory II scores

below education-adjusted thresholds, and a Clinical Dementia Rating

score of 0.5.

2.5 Outcome measures

For the NACC cohort, the outcome was time to dementia of any cause

within 3 years of an MCI diagnosis made at their first (baseline) NACC

visit. In NACC, trained clinicians make diagnoses in accordance with

published research diagnostic criteria, and most ADRCs at this time

used Diagnostic and Statistical Manual 4th edition (DSM-IV) crite-

ria for dementia. In addition, AD was determined using criteria from

either the National Institute of Neurological and Communicative Dis-

orders and Stroke and the Alzheimer’s Disease and Related Disorders

Association (NINCDS-ADRDA)15 or NIA-AA.16 Patients were followed

approximately annually.

In PROMPT, a dementia diagnosis based on DSM-IV criteria was

made by experienced clinicians. Patients were followed about every

6 to 12 months for the occurrence of dementia. To ensure complete

follow-up, we linked PROMPT clinic participants to Alberta health

administrative data for surveillance of new dementia diagnoses. We

excluded any dementia diagnoses within 30 days of the PROMPT

first visit at which MCI was diagnosed, reasoning that they proba-

bly reflected miscoded MCI. The administrative dementia case defini-

tion was based on that used by the Public Health Agency of Canada

(PHAC).17 Specifically, dementia was defined as one or more hospi-

talizations with any dementia-related International Classification of

Diseases codes, three or more physician claims for dementia at least

30 days apart within a 2-year time period, and/or prescription of a

cholinesterase inhibitor.17 The date of dementia was defined as the

date of first diagnosis of dementia from either PROMPT or the admin-

istrative data.

In the ADNI validation cohort, dementia was defined as patients

who had anMMSE score between 20 and 26, Clinical Dementia Rating

score of 0.5 or 1, andmet DSM-IV criteria. Dementia status was ascer-

tained at a prospective research visit conducted at 6, 12, 18, 24, and

36 months. For those without dementia, follow-up time was censored

at their last follow-up date (if less than 3 years), at 3-year event-free

follow-up (right censoring), or at time of death.

2.6 Predictors

To create the CIDER score, we restricted candidate predictors to

variables that are obtainable during the first office visit of a patient

with suspected MCI: age; sex; education (in years); marital status at

RESEARCH INCONTEXT

1. Systematic Review: Based on recent systematic reviews

on dementia risk prediction models, there are currently

no pragmatic, externally validated dementia risk scores

to use in routine care for individuals with mild cognitive

impairment (MCI).

2. Interpretations: The authors developed and externally

validated the Mild Cognitive Impairment to Dementia

Risk (CIDER) score to predict dementia within 3 years in

patients with MCI. The CIDER score was designed to use

variables collected in most clinical care, and it was based

on data from three independentMCI cohorts. The CIDER

score could be used to inform clinicians and patients

about the relative probabilities of developing dementia in

patients withMCI.

3. Future Directions: Further research needs to further val-

idate the CIDER score in general clinical practice and

to determine the added value of additional testing and

more advancedmarkers such as neuropsychological test-

ing, neuroimaging, andbiomarkers ofAlzheimer’s disease.

HIGHLIGHTS

∙ TheMild Cognitive Impairment to Dementia Risk (CIDER)

scorewas derived and validated to predict risk for demen-

tia in 3 years in persons diagnosed clinically with mild cog-

nitive impairment (MCI).

∙ The input variables use simple clinical information and

cognitive test scores often used in routine clinical practice,

making the score pragmatic for use in a general neurology

or geriatric setting.

∙ Using the CIDER score, clinicians can communicate an

objectively derived assessment of risk to their patients,

facilitating discussion of prognosis, risk factor modifica-

tion, and advance care planning.

the time of assessment (married/common-law vs. never married, sep-

arated divorced, or widowed); smoking (former, current, and never);

MoCA or MMSE score; and presence or absence (yes/no) of diabetes

mellitus, hypertension, traumatic brain injury (TBI), cardiovascular

diseases, mood disorder, and history of alcohol abuse. Full operational

definitions for the predictor measures used in the three cohorts are

provided in Table S1 in supporting information. Hypertension, diabetes

mellitus, and TBI were defined based on self-report, documentation

in the medical records, or use of a medication for that condition.

Cardiovascular disease was defined if at least one of the following

was reported: congestive heart failure, atrial fibrillation, angioplasty/
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endarterectomy/stent, cardiac bypass procedure, pacemaker, or heart

valve replacement or repair. A mood disorder was defined if at least

one of the followingwas reported in the subject health history: depres-

sion, anxiety disorder, or the use of an anti-depressant medication.

Smoking history was categorized as current (if individuals reported

they smoked cigarettes in the last 30 days), former, or never. Alcohol

abuse was defined as alcohol use during the last 12-month period

resulting in a failure to fulfill major role obligations at work, school, or

home. Every predictor was measured at baseline (first) visit across the

three cohorts.

2.7 Statistical analysis

Cox regression models were used to estimate the risk of demen-

tia within 3 years. The linear relationship between continuous candi-

date predictors and outcome were assessed using the restricted cubic

splines. The assumption of proportional hazards was checked based

on Schoenfeld residuals.18 Variable selection was based on a combi-

nation of clinical knowledge, Akaike information criterion (AIC), and

the availability of the predictors in the three cohorts to obtain the

most parsimonious models, while retaining age and sex. All variables

were included in the model prior to selection and any possible two-

way interactions were tested and retained if statistically significant (at

α = 0.05) and deemed clinically relevant and supported by previous

literature.19–21 Hazard ratioswith 95% confidence intervals (CIs) were

reported.We evaluated predictive accuracy based on measures of dis-

crimination (the ability to distinguish dementia high-risk individuals

from the low-risk individuals), and calibration (the agreement between

predicted and observed dementia [survival] probability). The discrim-

inatory performance was evaluated using Harrell’s C-index and cali-

brationwas assessed by graphically comparing predicted and observed

values based on a flexible hazard regression approach.22,23 Bootstrap-

ping (B = 500) was used to obtain overfitting-corrected estimates

of discrimination index and calibration. Independent model develop-

ment and validation processes were carried out for including either

the MoCA or the MMSE, which are referred as the “CIDER-MoCA”

and the “CIDER-MMSE” models, respectively. The PROMPT and ADNI

database were used to externally validate the developed models in

termsof discrimination and calibration.Monogramswere reported and

for eachpredictor in themodel, the rangeof the scoringwere restricted

to be 0 to 100. Analyses were performed using the R studio “rms”

package.21

3 RESULTS

Table 1 shows that for the NACC-MoCA cohort (N = 1233), 25%

developed dementia over 3 years. The mean age at baseline was 73

years (standard deviation [SD]= 7.5), about half were females, and the

median number of years of education was 16 years. For the NACC-

MMSE cohort (N = 4989), MCI conversion rate was higher (31%) but

demographic characteristics were similar to the NACC-MoCA cohort.

In the PROMPT registry (N = 452), 42% were diagnosed with demen-

tia over 3 years, mean age at baseline was 67 (SD = 8), approximately

43% were females, and median number of years of education was 13

years. In ADNI (N = 598), 37% were diagnosed with dementia over 3

years, mean age at baseline was 74 years (SD = 8.1), about 40% were

females, and median years of education was 16. The median follow-

up time was 17.4 (interquartile range [IQR] = 14.3), 29.6 (IQR = 41.3),

17.3 (IQR = 37.5), and 24.0 (IQR = 35.5) months, in the NACC-MoCA,

NACC-MMSE, PROMPT, and ADNI cohorts, respectively.

3.1 Missing data

For the development of the CIDER-MoCA model, we retained 96%

(1185/1233) of eligible individuals who had complete data. In the cre-

ation of the CIDER-MMSE model 95% (4737/4989) were retained.

Comparisons were made between individuals included and excluded

because of missing data and are shown in Tables S4 and S5 in support-

ing information for NACC-MoCA and NACC-MMSE cohort, respec-

tively.

3.2 Derivation in NACC

The CIDER-MoCA model included age, sex, education, marital status,

hypertension, andmooddisorder in addition to theMoCAscore. TheC-

indices were 0.69 (95% CI 0.66–0.73) and 0.69 (95% CI 0.66–0.72) for

the derivation cohort and bootstrapped validatedmodels, respectively

(Table 2). The CIDER-MMSE model (where the MMSE score was used

rather than MoCA) had the same set of predictors in addition to the

cognitive test result. The C-index was 0.67 (95% CI 0.65–0.69) for the

derivation cohort and bootstrapped validatedmodels. Figure 1 depicts

calibration curves, which showed that all models had excellent cali-

bration after bootstrapping validation. The median predicted 3-year

dementia risk of CIDER-MoCA was 38%. The average risk within the

lower quartilewas 21%andwithin the upper quartilewas 68%, respec-

tively. The median predicted 3-year dementia risk of CIDER-MMSE

was 32% with average risks within lower and upper quartiles of 16%

and 61%, respectively.

3.3 Validation in PROMPT and ADNI

External validation of the CIDER-MoCA model resulted in C-indices

of 0.61 (95% CI 0.59–0.63) and 0.72 (95% CI 0.69–0.75) for the

PROMPT and ADNI cohorts, respectively. External validation of the

CIDER-MMSE model resulted in C-indices of 0.62 (95% CI 0.60–0.64)

and 0.61 (95% CI 0.59–0.63) for PROMPT and ADNI, respectively.

Figure 2 shows calibration curves resulting from the direct applica-

tion of our models to the PROMPT and ADNI cohorts. CIDER-MoCA

showedoverly extremeestimateswhenapplied to thePROMPTcohort

where it had a tendency of overestimating dementia risk for patients

with a higher risk, and underestimating dementia risk for patients
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TABLE 1 Descriptive characteristics for individuals withMCI

Derivation cohorts External Validation cohort

NACCMoCA

N= 1233

NACCMMSE

N= 4989

PROMPT

N= 452

ADNI

N= 598

Dementia diagnosis in 3 years, n (%) 303 (24.6) 1528 (30.6) 189 (41.8) 222 (37.1)

Follow-up inmonths, median (Q1–Q3) 17.3 (12.8–27.1) 29.6 (15.6–57.1) 17.3 (6.3–43.8) 24.0 (12.2–47.7)

Died in 3 years from initial visit, n (%) 28 (2.3) 227 (4.6) 29 (6.4) 14 (2.3)

Age, mean (SD) 72.6 (7.5) 74.0 (8.3) 67.2 (8.1) 73.9 (7.5)

Female sex, n (%) 619 (50.2) 2463 (49.4) 194 (42.9) 234 (39.1)

Education in years, median (Q1–Q3) 16 (14–18) 16 (12–18) 13 (12–16) 16 (14–18)

Marital status, n (%)

Married/common-law 860 (69.8) 3341 (67.0) 329 (72.8) 467 (78.1)

Othersa 366 (29.7) 1605 (32.2) 116 (25.7) 129 (21.6)

Missing 7 (0.6) 43 (0.9) 7 (1.6) 2 (0.3)

MoCA score, median (Q1–Q3) 23 (20–25) 22 (19–24) 22 (20–25)

MMSE score, median (Q1–Q3) 28 (26–29) 28 (25–29) 27 (26–29)

Vascular diseases, n (%)

Yes 270 (21.9) 1387 (27.8) 122 (27.0) 415 (69.4)

No 957 (77.6) 3599 (72.1) 330 (73.0) 183 (30.6)

Missing 6 (0.5) 3 (0.1) 0 0

Hypertension, n (%)

Yes 774 (62.8) 3268 (65.5) 232 (51.3) 288 (48.2)

No 458 (37.2) 1719 (34.5) 220 (48.7) 310 (51.8)

Missing 1 (0.1) 2 (<0.1) 0 0

Diabetes, n (%) 200 (16.2) 773 (15.5) 73 (16.2)

Mood disorder, n (%)

Yes 543 (44.0) 1983 (39.8) 195 (43.1) 152 (25.4)

No 688 (55.8) 3006 (60.3) 257 (56.9) 446 (74.6)

Missing 2 (0.2) 0 0 0

Smoking status, n (%)

Never 738 (59.9) 2624 (52.6) 209 (46.2) 332 (55.2)

Current 40 (3.2) 159 (3.2) 50 (11.1) 164 (27.4)

Former 448 (36.3) 2185 (43.8) 134 (29.7) 51 (8.5)

Missing 7 (0.6) 21 (0.4) 59 (13.1) 51 (8.5)

History of alcohol abuse

Yes 45 (3.7) 284 (5.7) 66 (14.6) 19 (3.2)

No 1183 (96.0) 4694 (94.1) 386 (85.4) 579 (96.8)

Missing 5 (0.4) 11 (0.2) 0 0

Hispanic/Latino ethnicity 89 (7.2) 395 (7.9) 3 (0.7) 14 (2.3)

Abbreviations: Q1, the first quartile; Q3, the third quartile; ADNI, the Alzheimer’s Disease Neuroimaging Initiative; MCI, mild cognitive impairment; MMSE,

Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; NACC, National Alzheimer’s Coordinating Center; PROMPT, Prospective Registry

of Persons withMemory Symptoms; SD, standard deviation.

Notes: There were three patients missing education, 38 patients missing MoCA info in the NACCMoCA cohort. There were 15 patients missing education,

204 patients missingMMSE info in the NACCMMSE cohort.
aOthers includedwidowed, separated, divorced, and never married.
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TABLE 2 CIDER dementia risk models—developed in NACC and
internally validated based on bootstrapping, externally validated in
PROMPT and ADNI

CIDERMoCA CIDERMMSE

C-index 95%CI

Derivation cohort 0.69 [0.66, 0.73] 0.67 [0.65, 0.69]

Index corrected 0.69 [0.66, 0.72] 0.67 [0.65, 0.69]

PROMPT 0.61 [0.59, 0.63] 0.62 [0.60, 0.64]

ADNI 0.72 [0.69, 0.75] 0.61 [0.59, 0.63]

HR (95%CI) HR (95%CI)

MoCAa 0.44 [0.37, 0.51]

MMSEb 0.35 [0.31, 0.40]

Age 1.23 [1.03, 1.47] 1.26 [1.17, 1.36]

Education 1.40 [1.14, 1.72] 1.34 [1.22, 1.47]

Sex

Female vs. male 0.93 [0.72, 1.20] 1.11 [1.00, 1.25]

Marital status

Marriedc vs. others 1.78 [1.30, 2.43] 1.46 [1.28, 1.65]

Hypertension

Yes vs. no 0.78 [0.61, 1.00] 0.90 [0.81, 1.00]

Mood disorder

Yes vs. no 1.24 [0.98, 1.56] 1.43 [1.29, 1.59]

Abbreviations: ADNI, Alzheimer’s DiseaseNeuroimaging Initiative; CI, con-

fidence interval; CIDER, Mild Cognitive Impairment to Dementia Risk;

HR, hazard ratio; MMSE, Mini-Mental State Examination; MoCA, Montreal

Cognitive Assessment; NACC, National Alzheim’r’s Coordinating Center;

PROMPT, Prospective Registry of Persons withMemory Symptoms.
aFor MoCA, age, and education years, HRs corresponded to each variable’s

interquartile range (IQR). For MoCA, IQR = 5; for age, IQR = 11 years; for

education, IQR= 5 years; forMMSE, IQR= 3.
bMMSE scorewasmodeled using restricted cubic splines (with 3 degrees of

freedom).
cMarried included “married” and “common-law partnership”.

with a lower risk. On the other hand, the estimated risk from CIDER-

MoCA for ADNI was not sufficiently extreme.Moreover, while CIDER-

MMSE showed perfect calibration in internal validation, when exter-

nally validated, it consistently underestimated dementia risk in the

two external cohorts. For CIDER-MoCA (CIDER-MMSE), the median

predicted 3-year dementia risk and the average risks within lower

and upper quartiles were 37% (28%), 19% (14%), and 71% (60%)

for PROMPT; and 43% (37%), 21% (17%), and 67% (60%) for ADNI,

respectively.

Figures 3 and 4 show the nomogram for CIDER based on using

either the MoCA or MMSE, with higher scores suggesting higher

dementia risk. The total points and corresponding 3-year dementia risk

are shown. For example, 70-year-old married males with a bachelor’s

degree (no hypertension ormood disorder) who hadMCIwith aMoCA

score of 20 at baseline had about 60% risk (95% CI 0.51–0.69) of con-

verting to dementia in the following 3 years.

4 DISCUSSION

In this studywedeveloped and validated a pragmatic risk score, CIDER,

to predict dementiawithin 3 years in patientswithMCI using data from

three volunteer cohorts similar in characteristics to those seen in a

memory clinic. CIDERwas designed to be operationalized in a care set-

ting using routinely collected data, without requiring specialized infor-

mation such as the results of comprehensive neuropsychological test-

ing, positron emission tomography, or cerebrospinal fluid testing. The

CIDER score with MoCA has better accuracy, but in settings in which

only MMSE is available, the CIDER score withMMSE can be used with

onlyminor losses in accuracy. CIDER could potentially help inform clin-

icians and patients with MCI about their dementia risk in the 3 years

after their baseline visit. An online calculator can be accessed at cider-

dementia.org.

We found that the MoCA or MMSE score is of paramount impor-

tance in discriminating MCI converters from non-converters. Some

additional variables also significantly predicted risk for conversion to

dementia. Mood disorder is found to be associated with higher risk for

dementia in thosewithMCI,which is consistentwith findings frompre-

vious reviews.3,24 Hypertension predicted a lower risk of progressing

fromMCI to dementia, which is also consistent with prior literature.25

This may be because the presence of hypertension indicates a pre-

ventable vascular contribution is present, or that a neurodegenerative

disease process reducing blood pressure is absent. This hypertension

effect is the reverse of that seen in the general population in which

hypertension increases the risk of dementia.25 In this study, more edu-

cationwas associatedwith higher risk, even though education has been

consistently associated with lower risk in the general population. This

may be because highly educated persons with MCI have exhausted

their cognitive reserve and have a high amount of brain pathology

present leading to a more rapid rate of subsequent decline.26 Some

variables (e.g., presence of vascular disease) associated with higher

dementia risk in the general populationwerenot predictive in ourmod-

els. Potential explanations include limited specific discriminative ability

in predicting the occurrence of dementia or the possibility that vascu-

lar disease might indicate that the patient suffers from vascular MCI

rather than AD-MCI, with vascularMCI having a better prognosis.

The ability of CIDER to discriminate risk of dementia wasmoderate,

and score results should not be overinterpreted especially in a group

with an overall high risk for developing dementia. Given the inherent

variability due to the complex interplay of age, genetics, and environ-

ment including biological and social factors, it is not possible to pre-

dict precisely and with high certainty which MCI patients will develop

dementia, particularly when limiting predictors to those that can be

collected at a routine office visit. Nonetheless, CIDER with MoCA

scores can discriminate average risks for those with MCI from ≈21%

to 68%, which we suggest could be clinically and personally (to the

patient) relevant. In other areas of medicine, risk scores with similar

discriminatedare recommendedasuseful for clinical care. For example,

the CHA2DS2-VASC score for atrial fibrillation is recommended as the

basis for anticoagulation decisions27 but has an area under the curve of

about 0.64,28 which is lower than CIDER.
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F IGURE 1 Calibration plots from internal validation (bootstrapping corrected overfitting)—model developed based onNACC. Black:
Observed line shows the relationship between the (not overfitting corrected) predicted 3-year dementia risk and the actual dementia risk. Gray:
Ideal line for predicted versus observed risks. Blue: Relationship between the overfitting corrected predicted 3-year dementia risk and the actual
dementia risk, based on bootstrapping (B= 500) and subsetting predictions into intervals by interpolation (containing 50 individuals on average).
The blue dotted line above and below the blue line shows the 95% confidence interval based on themean prediction error. CIDER,Mild Cognitive
Impairment to Dementia Risk; MMSE,Mini-Mental State Examination;MoCA,Montreal Cognitive Assessment; NACC, National Alzheimer’s
Coordinating Center

F IGURE 2 Calibration plots external validations (PROMPT+ADNI)—model developed based onNACC. Solid blue line shows the trend curve
between the observed and predicted 3-year risk of dementia; the dotted blue line above and below the solid blue line shows the 95% confidence
interval based on themean prediction error; dashed line shows the ideal line between observed and predicted risks. Risks was calculated as one
minus the survival probabilities. ADNI, Alzheimer’s Disease Neuroimaging Initiative; CIDER,Mild Cognitive Impairment to Dementia Risk; MMSE,
Mini-Mental State Examination;MoCA,Montreal Cognitive Assessment; NACC, National Alzheimer’s Coordinating Center; PROMPT, Prospective
Registry of Persons withMemory Symptoms
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F IGURE 3 Point system from nomogram for CIDER risk score usingMoCA. CIDER,Mild Cognitive Impairment to Dementia Risk; MoCA,
Montreal Cognitive Assessment

F IGURE 4 Point system from nomogram for CIDER risk score usingMMSE. CIDER,Mild Cognitive Impairment to Dementia Risk; MMSE,
Mini-Mental State Examination

Strengths of this study include the internal and external vali-

dation of our developed models, thereby avoiding methodological

shortcomings of prior models as documented in multiple system-

atic reviews.5,6,29 A recent review shows that among 138 demen-

tia risk prediction models, a third of the studies did not per-

form internal or external validation (46/138), and >10% of stud-

ies used a sample <100 individuals.5 Moreover, 44% (60/138) of

previous models were derived using information from subsamples

drawn from the ADNI data. This highlights another strength of

the current study. We based our models on the NACC database,

which is one of the largest and most comprehensive longitudinal

datasets for dementia research. Finally, the CIDER score will provide
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a good basis to investigate incremental prognostic value of advanced

biomarkers.19,30

One limitation of the study is that NACC may be not representa-

tive for the general population. There are few large, well-characterized

cohorts of MCI derived from the general population. This study was

unable to consider culture-specific variation in cognitive test perfor-

mance or variation due to language of test administration; however,

controlling for Hispanic ethnicity made no difference in model per-

formance. There are some inherent differences between PROMPT (or

ADNI) and NACC, which may explain why CIDER-MoCA and CIDER-

MMSE gave imperfectly calibrated risk prediction in the two cohorts.

It is possible that differences in MCI and dementia assessment meth-

ods could underlie some of the variance in model performance across

the cohorts. In addition, ADNI is a volunteer-based research cohort

focused on AD that excluded patients with clinically diagnosed vascu-

lar cognitive impairment. PROMPT is amemory clinic registry enrolling

all patients with MCI, making it more heterogeneous and represen-

tative of other memory clinics. The discriminative ability of CIDER is

lower than previously published models. We think this is because we

intentionally restricted candidate variables to those that can be cap-

tured using routinely collected data. In future work, we will determine

the added value of additional testing andmore advancedmarkers such

as neuropsychological testing, amyloid, and tau, as well as explore the

potential for machine learning. Prior work in ADNI suggests that C

statistics of 0.85 or higher may be achievable when adding the results

of biomarkers and neuropsychological testing.31

5 CONCLUSIONS

CIDER is a simple, feasible risk score thatwehavevalidated for thepur-

pose of predicting a gradient of 3-year risk for progressing to dementia

in persons with MCI seen in memory clinics. It may help clinicians and

patients in this setting to convey and understand individualized prog-

nosis. This might help motivate patients at higher risk to take actions

that might reduce their likelihood of progression (such as adopting

healthier lifestyles) and do advance care planning. Howbest to present

this data and support patients will require additional study.
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