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OBJECTIVES: To assess the usefulness of the Montreal
Cognitive Assessment (MoCA) total score (MoCA-TS) and
Memory Index Score (MoCA-MIS) in predicting conver-
sion to Alzheimer’s disease (AD) in individuals with mild
cognitive impairment (MCI).

DESIGN: Retrospective chart review.

SETTING: Community-based memory clinic.

PARTICIPANTS: Individuals
criteria (N = 1695).
MEASUREMENTS: Baseline MoCA scores at MCI diag-
nosis were collected from charts of eligible individuals
with MCI, and MoCA-TS, MoCA-MIS, and a cognitive
domain index score were calculated to assess their prog-
nostic value in predicting conversion to AD.

RESULTS: One hundred fourteen participants progressed
to AD (MCI-AD), and 51 did not (nonconverters; MCI-
NC); 90.5% of participants with MCI with a MoCA-TS
less than 20/30 and a MoCA-MIS less than 7/15 at base-
line converted to AD within the average follow-up period
of 18 months, compared with 52.7% of participants with
MCI above the cutoffs on both scores. Individuals with
multiple-domain amnestic MCI had the highest AD
conversion rates (73.9%).

CONCLUSION: Identifying individuals with MCI at high
risk of conversion to AD is important clinically and for
selecting appropriate subjects for therapeutic trials.
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Mild cognitive impairment (MCI)' is a transitional
stage between normal aging and early dementia.
Although MCI has been recognized as one of the major
risk factors for Alzheimer’s disease (AD) and other demen-
tias, a significant proportion of individuals with MCI
revert to normal cognition or remain cognitively stable on
follow-up.>? Identifying individuals with MCI at high risk
of conversion to AD is of great importance to clinicians,
the individuals, and their families and for selecting appro-
priate subjects for therapeutic trials.

Many clinical and biological markers have been used
to predict conversion from MCI to AD, including neuro-
psychological testing,** neuroimaging,®® apolipoprotein E
status,” cerebrospinal fluid,'®!! and a biomarker combina-
tion."*'* These biomarkers can be tested for only in
tertiary care centers or are used mostly for research pur-
poses. For clinical practice, it is important to provide sim-
ple and reliable tools to help clinicians assess dementia
risk in individuals diagnosed with MCI who will need clo-
ser supervision and monitoring. A predictive tool would
also be useful as a screening measure in therapeutic trials
by selecting subjects more likely to decline cognitively and
functionally and thus be more likely to benefit from
treatment.

The Montreal Cognitive Assessment (MoCA) is a
widely used 10-minute cognitive screening test for detec-
tion of MCL It has high sensitivity (90%) and specificity
(87%) for detecting individuals with MCI and distinguish-
ing them from individuals with normal cognition."
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This study aimed to assess the usefulness of the MoCA
total score (MoCA-TS) and MoCA newly devised Memory
Index Score (MoCA-MIS) to predict conversion from MCI
to AD.

Many studies using extensive neuropsychological bat-
teries have shown that delayed recall is the first domain to
be impaired in individuals with MCI who subsequently
progress to AD.'®1® In early-stage MCI, preserved execu-
tive and frontal functions compensate for hippocampal dys-
function, which causes encoding memory deficit."” Thus,
subjects benefit from cueing that helps them retrieve newly
learned materials and remain functional and autonomous.
As the disease progresses, frontal executive networks are
affected and are no longer able to compensate.!”?? At this
stage, the retrieval memory deficit becomes an encoding
memory deficit that does not improve with cueing and is
more likely to progress to dementia.

This study examined the predictive nature of MoCA
cognitive domains and devised a cognitive domain index
score (CDIS) for memory executive function, visuospatial,
language, attention, and orientation. The method used to
calculate these CDIS is provided in the Methods section.

METHODS

Participants

Charts of consecutive individuals presenting with cognitive
complaints to the Center for Diagnosis and Research on
Alzheimer’s disease, (CEDRA)/Neuro Rive-Sud memory
clinic, Montreal, Canada, between November 2004 and
May 2011 were reviewed. Individuals with MCI were
selected from the reviewed charts. Selected individuals met
MCI Petersen’s criteria: subjective memory complaints,
preserved general intellectual functioning, cognitive impair-
ment detected using neuropsychological assessment (verbal
and visual memory, executive function, language, visuo-
spatial function, attention, concentration), intact activity
of daily living (ADL) ability, and lack of criteria for
dementia." Individuals with evidence of moderate to severe
white matter disease or other causes of cognitive impair-
ment on computed tomography (CT) or magnetic reso-
nance imaging (MRI) were excluded. One hundred sixty-
five individuals meeting criteria for MCI were selected.
Duration of follow-up was determined according to the
number of months from MCI diagnosis to AD conversion
for converters (MCI-AD) and to the end of the predeter-
mined study observation date of May 2011 for noncon-
verters (MCI-NC). AD was diagnosed according to
Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-1V) and National Institute of
Neurological and Communicative Disorders and Stroke
(NINCDS)/Alzheimer’s Disease and Related Disorders
Association criteria.”!

Measurement

Trained cognitive technicians administered the MoCA as
part of the routine cognitive screening assessment of all
individuals presenting to the CEDRA/Neuro Rive-Sud
Memory clinic. A cognitive technician assessed functional
decline (autonomy) in a semistructured interview with the

family using a locally developed functional scale at base-
line (0-16 points, 0 = not autonomous, 16 = fully autono-
mous) and at follow-up visits (0-8 points: 0 = not
autonomous, 8 = fully autonomous). Each ADL or instru-
mental ADL (IADL) is scored O if impaired and 1 point if
normal. Three basic ADLs are assessed: personal hygiene
(bathing, toileting, grooming), dressing, and incontinence
(urinary or fecal). Thirteen IADLS are assessed: driving,
finances, planning activities, problem solving, using
domestic appliances beside the oven, laundry, telephone,
medication intake, cooking, grocery shopping, household
chores, using the oven safely, getting lost walking or driving.
Scores on the scales were not used to determine con-
version to dementia but were provided to the clinician as
aids for determining autonomy and to further assess
autonomy questions that the scales highlighted. While a
technician was assessing functional decline with the family,
another technician was administering the MoCA to the
participant in another office, each blinded to the other’s
evaluations. A neurologist with extensive clinical expertise
in the cognitive field (ZN) determined conversion to
dementia according to the NINCDS and DSM-IV criteria
based on an additional interview with the participant and
family and the results of the functional and cognitive
assessments that the cognitive technicians performed. The
baseline MoCA at the time of MCI diagnosis was used to
calculate the predictive value of the CDIS. Each CDIS was
determined according to published neuropsychological and
neuroimaging studies for each cognitive item used in the
MoCA. Certain cognitive items can be part of different
CDISs if several networks are implicated in the perfor-
mance of the task. For example, serial 7 is part of the
Executive Index score and Attention and Concentration
Index score. The MoCA-MIS is calculated by adding the
number of words remembered in free delayed recall,
category-cued recall, and multiple choice—cued recall mul-
tiplied by 3, 2 and 1, respectively, with a score ranging
from 0 to 15. This new scoring method was devised to
better elicit and detect an encoding memory deficit. The
Executive Index Score (EIS) is calculated by adding raw
scores for the modified Trail-Making Test Part B, clock
drawing, digit span forward and backward, letter A tap-
ping, serial-7 subtraction, letter fluency, and abstraction,
with a score ranging from 0 to 13. The Visuospatial Index
Score (VIS) is determined by adding the raw scores of the
cube copy, clock drawing, and naming, with a score rang-
ing from 0 to 7. The Language Index Score (LIS) is
obtained by adding the raw scores for naming, sentence
repetition, and letter fluency, with a score ranging from of
0 to 6. The Attention Index Score (AIS) is obtained by
adding the raw scores for digit span forward and back-
ward, letter A tapping, serial-7 subtraction, sentence repe-
tition, and the words recalled in both immediate recall
trials, with a score ranging from 0 to 18. The Orientation
Index Score (OIS) is the sum of points for the orientation
section of the MoCA, with a score ranging from 0 to 6.
The original Delayed Recall Score, VIS, EIS, and LIS
were also used to categorize the MCI subtype as defined
previously.?” To determine MCI subtypes, the current
MCI cohort was compared with a previously reported nor-
mal control cohort in terms of performance on different
MoCA cognitive domain indexes from the original MoCA



JAGS APRIL 2014-VOL. 62, NO. 4

MOCA-MIS AS PREDICTOR OF MCI TO AD CONVERSION 681

validation study database.'® Participants who scored less
than 1.0 standard deviation below the age- and education-
adjusted mean value in free delayed recall score, VIS, EIS,
and LIS were considered as being impaired in that cogni-
tive domain. Institutional review board approval was not
obtained because the study design was a retrospective
analysis based on chart review.

Data Analysis

Analysis was conducted using SPSS 16.0 for Windows
(SPSS, Inc., Chicago, IL). Independent #-tests were used
(for large sample size, n = 165) to compare continuous
variables of demographic data and MoCA items and CDIS
for the MCI-NC and MCI-AD groups. Receiver operating
characteristic (ROC) curves were created for the MoCA-
TS and CDIS to identify subjects who had progressed to
AD by the end of the study. Because the variance was not
normally distributed, the Kruskal-Wallis H test was used
to compare duration of AD conversion between diagnostic
groups according to a recommended algorithm (Figure 1).
Different cutoff scores of the identified variables were
paired to identify the best combination of cutoff scores
that provided the highest predictive values for conversion
versus nonconversion to dementia.

RESULTS

One hundred sixty-five individuals meeting MCI criteria
were selected.

AD Annual Conversion Rate, Average Follow-Up
Period, and Rate of Cognitive Decline

In the 18.2 4+ 1.0-month average follow-up period, the AD
conversion rate was 69.1%, with an annualized rate of
46.1%. When 33 subjects who had only baseline MoCA
scores were excluded, the rates of decline in MoCA-TS and
MoCA-MIS were not significantly different between the
MCI-AD (n = 82) and MCI-NC (n = 50) groups. The mean
rate of MoCA-TS decline was 2.19 4+ 0.39 points/yr in

MCI-AD and 1.72 + 0.45 points/yr in MCI-NC (P = .45),
and the mean rate of MoCA-MIS decline was
1.08 + 0.37 points/yr in MCI-AD and 0.90 £ 0.57 points/
yr in MCI-NC (P = .79).

Measured autonomy (expressed as a percentage of the
total autonomy score on the ADL scale of 0-18 at baseline
and 0-8 at follow-up) was available for MCI-AD (n = 64)
and MCI-NC (n = 45). There was no statistically signifi-
cant difference in ADL capacity at baseline between the
groups (MCI-AD 87.1%, MCI-NC 87.2%; P = .96),
which confirms the relatively preserved autonomy at the
MCI stage. There was a significant decline in autonomy at
follow-up for MCI-AD, from 87.1% to 60.3% (P < .001)
and less decline for MCI-NC, from 87.2% to 80.4%
(P = .04) which confirms the more-significant conversion
to dementia in the MCI-AD group (Table S2).

Demographic Characteristics and Cognitive
Performance in MCI-NC and MCI-AD

Baseline demographic data and MoCA item scores and
CDIS are listed for both groups in Table S3. When consid-
ering the overall study period, there was no significant dif-
ference in age, education, or follow-up duration between
the MCI-NC and MCI-AD groups. Risk of AD conversion
was significantly greater in women than men (odds
ratio = 1.45, 95% confidence interval (CI) = 1.12-1.88).
MoCA-TS and MoCA item scores for naming, digit span
forward, serial-7 subtraction, abstraction, and free delayed
recall were significantly lower at baseline in MCI-AD than
MCI-NC. Conversely, all CDISs were significantly higher in
MCI-NC than MCLI-AD (MoCA-MIS, #(163) = 3.41,
P = .001; OIS, #(163) = 4.21, P < .001; EIS, #(163) = 2.76,
P =.006; VIS, #(163) = 2.29, P = .02; AIS, #(163) = 2.92,
P = .004), except LIS, which was not significantly different
between groups (¢(163) = 1.74, P = .08).

MCI Subtype and AD Conversion Rate

No association was found between age and the cognitive
domain scores (free delayed recall score, VIS, EIS, LIS)

Total MCl subjects
(n=165)

MoCA total score <20/30
OR MoCA-MIS <7/15

% of AD conversion 52.8%
(n=165)

(MCI-AD/MCI-NC) (38/34)

Annualized 35.2%

conversion rate

74.5% 90.5%
(38/13) (38/4)
49.7% 60.3%

Figure 1. Recommended algorithm to predict conversion from mild cognitive impairment (MCI) to Alzheimer’s disease (AD) at
an average follow-up of 18 months. MoCA = Montreal Cognitive Assessment.
Correction made after online publication March 17, 2014: Figure 1 has been updated.
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after controlling for education level, although when age
was controlled for, education was positively correlated
with EIS, VIS, and LIS. Cutoff scores for each cognitive
domain are presented in Table S1.

Multidomain amnestic (memory impairment plus one
other impaired domain) MCI (multi-aMCI, 69.7%) was
the most common group, followed by single-domain
amnestic (only impaired memory) MCI (single-aMCI,
19.4%), multidomain nonamnestic MCI (multi-naMCI,
4.8%) and single-domain nonamnestic MCI (single-naM-
CI, 3.0%). Memory (89.1%) and executive function
(63.0%) were the most frequently impaired cognitive
domains. AD conversion rates were higher for the multi-
aMCI group (73.9%), followed by the single-aMCI group
(65.6%), multi-naMCI group (50.0%) and single-naMCI
group (20.0%). In individuals with MCI-AD, 74.6% of
the group had multi-aMCI, followed by single-aMCI
(18.4%).

Mild cognitive impairment to AD conversion rates for
each MCI subtype are shown in Table S4.

CDIS to Predict AD Conversion in Individuals with
MCI

The education-corrected MoCA-TS and MoCA-MIS were
good predictors of AD conversion in participants with
MCI during the overall mean follow-up of 18.2 (standard
error [SE] 1.04) months. Areas under the ROC curve
(AUC) were 0.708 (95% CI = 0.623-0.793, P < .001) for
the MoCA-TS and 0.662 (95% CI=0.571-0.753,
P =.001) for the MoCA-MIS. The AUCs for the EIS, OIS,
AIS, and VIS were also good predictors of conversion from
MCI to AD (Table S5). The AUCs of LIS did not reach
significance in predicting AD conversion. ROC curves for
MoCA score and CDIS for AD conversion prediction are
illustrated in Figure S1.

Recommended Algorithm in Prediction of AD
Conversion

An algorithm using the education-adjusted MoCA-TS and
the MoCA-MIS is proposed to improve prediction of
conversion from MCI to AD (Figure 1). Using a cutoff of
20 out of 30 for MoCA-TS and seven out of 15 for MoCA-
MIS, the AD conversion rate was 90.5% for participants
with MCI who were below the cutoff on both measures
and was 52.8% for those who were above the cutoff on
both measures (mean follow-up duration 18.2 months [SE
1.0]). This yields an annualized conversion rate of 60.3%
for the high-risk group and 35.2% for the low-risk group.
Mean time for AD conversion in the MCI-AD group
(n = 114) was 17.5 months (95% CI = 15.15-19.87).

Imaging

Mild white matter hypodensities were reported in 38.3%
and mild to moderate cerebral atrophy in 68.0% of all
subjects who underwent a brain CT scan. The presence of
white matter changes (odds ratio [OR]=1.60, 95%
CI = 0.70-3.64) or brain atrophy (OR =1.29, 95%
CI = 0.57-2.91) on CT scan was not predictive of risk of
conversion to AD.

DISCUSSION

This study found that individuals with MCI with a low
MoCA-TS and a low MoCA-MIS at the time of diagnosis
were at risk of conversion to AD in a short follow-up per-
iod (mean 18 months), with a conversion rate of 90% and
an annualized (12 month) conversion rate of 60%. Indi-
viduals with MCI and higher MoCA-MIS and MoCA-TS
had a 35% annualized conversion rate. No effects of edu-
cation and age were found on the conversion rate from
MCI to AD. Using the MoCA CDIS to classify MCI sub-
types, it was found that the multi-aMCI group had the
highest AD conversion rates, followed by single-aMCI,
multi-naMCI, and single-naMCI. This finding confirmed
previous studies that have shown that delayed verbal recall
is highly predictive of AD progression in individuals with
MCIL**72® Memory has been consistently reported to be
the first domain to be impaired in individuals with MCI
at risk of conversion to AD and in subjects with early
AD.' '8 The MoCA-TS represents global cognitive func-
tion and provided the highest discriminative ability in pre-
dicting conversion from MCI to AD. This has already been
shown with other measures of global cognitive dysfunction
such as the Mini-Mental State Examination and Alzheimer’s
Disease Assessment Scale—Cognitive Subscale,>2%%%:27:28

The AD annualized conversion rate for all participants
with MCI in this study (46.1%) is higher than in previous
reports (1-year follow-up rate 23.8%,> 18.2%%%). The dif-
ferences in the conversion rate in the current study sample
may be because subjects were selected from a memory clinic
population and were thus already more likely to have mem-
ory impairment. The MoCA was also used for cognitive
screening, thus further selecting subjects with objective cog-
nitive impairment and increasing the likelihood of further
cognitive decline. (Individuals with MCI had an average
MoCA score of 20.1 + 0.3.) In addition, conversion rates in
memory clinics are higher than in community-based stud-
ies.”” The majority of participants with MCI in the current
study also had impairment in other cognitive domains,
which also increases the likelihood of faster conversion, as
has been shown.?>?® This could imply more-widespread
brain pathology in individuals with MCI and greater risk of
conversion to dementia. In the current study sample, execu-
tive and memory function were the most significantly
affected domains that best predicted conversion to AD.
Executive function has frequently been reported to be
impaired in MCL>° Executive function may help compen-
sate for memory impairment and thus preserve autonomy,
and executive dysfunction would more likely lead to loss of
autonomy and to meeting AD criteria.

Fluctuations back to normal in this memory clinic—
based MCI population were not observed, maybe because
of small sample size or because subjects were more cogni-
tively impaired than in population-based studies or other
memory clinic studies and were thus less likely to be con-
fused with subjects with benign forgetfulness. The current
study may also have had higher proportion of APOE4-
positive individuals with MCI. (Ninety percent of a sample
of 20 consecutive individuals with meeting MCI meeting
criteria in the memory clinic were carriers of at least one
allele (Z. S. Nasreddine, unpublished data), which would
increase the risk of progression rather than regression back
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to normal.) The predictive power of the MoCA-MIS,
which assesses delayed verbal recall, may be related to
pathological involvement of the hippocampal and entorhi-
nal cortex, which occurs first in the AD pathophysiological
cascade and is followed by the frontal- and parietal-medi-
ated cognitive function impairment,”®>'3% which the other
MoCA CDISs (EIS, VIS, LIS, AIS) assess, and probably
reflect more widespread disease.

Identifying individuals with MCI at high risk of con-
version to AD is important to provide appropriate interven-
tions and monitoring.>* ¢ Individuals at high risk of
dementia will be followed more closely to anticipate any
functional dysfunction that could place them or others at
risk, such as driving and capacity to manage their finances.
Their legal documents could be put in order (e.g., mandate
in case of incapacity, will). More-aggressive management of
vascular risk factors could be encouraged because they may
hasten cognitive decline. Participating in cognitively stimu-
lating activities could be recommended. Early treatment
with cholinesterase inhibitors could be instituted once they
reach the dementia stage. Early treatment is also economi-
cally crucial because it may reduce the cost of care.®”

Mild cognitive impairment therapeutic trials would
benefit from MoCA’s predictive ability. Better selection cri-
teria, by recruiting appropriate subjects at higher risk of
conversion to AD, could help avoid false-negative results,
particularly when placebo and actively treated groups
remain stable over the study period. Using the MoCA
could mean shorter trial duration and lower costs.

Study limitations include retrospective design with no
preset follow-up period, which could bias time to conver-
sion. Despite this limitation, time to conversion was not
significantly different in converters from the average fol-
low-up period for nonconverters. Most individuals with
MCI underwent CT but not MRI. MRI might have better
classified subjects and possibly excluded subjects with vas-
cular cognitive impairment that might have been missed
on CT. Nonetheless, imaging findings did not influence
rate of conversion. The use of the MoCA as a screening
cognitive tool in the memory clinic might have biased the
selection toward more-impaired subjects who were classi-
fied as having MCI when their MoCA score was below the
cutoff score of 26 out of 30. There was no normal control
group. Participants with normal MoCA scores were not
systematically followed up, and neuropsychological testing
was not administered to subjects with normal MoCA
scores except for highly educated subjects (>15 years of
education). These findings cannot be generalized to indi-
viduals scoring in the normal range on the MoCA because
they were not automatically included or followed up. Sen-
sitivity and specificity for the MoCA-TS and MoCA-MIS
for predicting conversion to AD can therefore not be pro-
vided. This is particularly true given that the duration of
follow-up was short; nonconverters might still convert to
dementia over longer follow-up. The assessment of func-
tional decline was determined in a semistructured inter-
view by a cognitive technician with the family and not
using a specific functional scale. This could have caused
variation in determination of functional impairment and
dementia. Clinicians were not blinded to the original
MoCA score or the follow-up score, which could have
biased them toward detecting more functional impairment

in subjects with low MoCA baseline scores or in subjects
with declining scores, thus exaggerating the conversion
rates in subjects with low MoCA scores. This is less likely
because the rate of cognitive decline on the MoCA was
similar in converters and nonconverters. Clinicians most
likely based the conversion to AD decision on functional
status, which was assessed independently of cognition.
These findings may not be applicable in unselected popula-
tions, and it may not be possible to predict the conversion
rate in less-impaired subjects as well.

Despite the study’s limitations, subjects presenting
with cognitive complaints to a memory clinic, meeting cri-
teria for MCI, and having low MoCA-TS and MoCA-MIS
at baseline are most probably at high risk of short-term
conversion to AD. Well-designed prospective studies that
include a control group and independent functional raters
would be useful to confirm these findings and the useful-
ness of the MoCA to predict conversion from MCI to AD
in memory clinic and community settings.

In conclusion, identifying subjects with MCI at high
risk of conversion to AD is important for clinicians, indi-
viduals, and their families and is crucial for selecting
appropriate subjects for MCI therapeutic trials.

ACKNOWLEDGMENTS

Conlflict of Interest: This study did not receive any funding.
Dr. Howard Chertkow is supported by operating grants
from the Canadian Institutes for Health Research (CIHR)
and the Fonds de la recherche en santé du Québec (FRSQ).
He holds a subcontract on an NIH-SBIR grant awarded to
Dr. Eugenia Wang (Advanced Genomic Technology, LLC,
Louisville, KY) to generate a blood-based test for Alzhei-
mer’s disease. Dr. Chertkow also has relationships with
Pfizer Canada (advisory board, speaker, grant recipient),
Lundbeck Canada (advisory board, speaker), and Bristol
Myers Squib (adjudication board for clinical trials). Dr.
Ziad Nasreddine is supported through sponsored clinical
trials by Roche, Janssen-Ortho, Elan Pharmaceutical, Pfiz-
er, BMS, GSK, Eli Lilly, and Novartis. He is the copyright
owner for the MoCA and receives funds from licensing
agreements when the MoCA is used in pharma-sponsored
clinical trials. Dr. Nasreddine has also received honoraria
from Pfizer for a program of MoCA training for health
professionals in Canada and receives funds from Pfizer and
Novartis for the MoCA-ACE study to provide normative
data for age, culture, and education, which is ongoing. Dr.
Nasreddine has received honoraria as a speaker on MoCA.
Dr. Natalie Phillips has received honoraria as a speaker on
MoCA.

Author Contributions: Parunyou J., Chertkow H.,
Phillips N.: data analysis and interpretation, manuscript
preparation. Brousseau M.: acquisition of subjects and
data, manuscript preparation. Nasreddine Z.S.: study con-
cept and design, acquisition of subjects and data, data
analysis and interpretation, preparation of manuscript.

Sponsor’s Role: None.

REFERENCES

1. Petersen RC, Smith GE, Waring SC et al. Mild cognitive impairment: Clini-
cal characterization and outcome. Arch Neurol 1999;56:303-308.



684

JULAYANONT ET AL.

APRIL 2014-VOL. 62, NO. 4 JAGS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Matthews FE, Stephan BCM, McKeith IG et al. Two-year progression from

mild cognitive impairment to dementia: To what extent do different defini-
tions agree? ] Am Geriatr Soc 2008;56:1424-1433.

. Maioli F, Coveri M, Pagni P et al. Conversion of mild cognitive impair-

ment to dementia in elderly subjects: A preliminary study in a memory
and cognitive disorder unit. Arch Gerontol Geriatr 2007;44(Suppl 1):
233-241.

. Dierckx E, Engelborghs S, De Raedt R et al. Verbal cued recall as a predic-

tor of conversion to Alzheimer’s disease in mild cognitive impairment. Int J
Geriatr Psychiatry 2009;24:1094-1100.

. Marcos A, Gil P, Barabash A et al. Neuropsychological markers of progres-

sion from mild cognitive impairment to Alzheimer’s disease. Am ] Alzhei-
mers Dis Other Demen 2006;21:189-196.

. Devanand DP, Bansal R, Liu J et al. MRI hippocampal and entorhinal cor-

tex mapping in predicting conversion to Alzheimer’s disease. Neuroimage
2012;60:1622-1629.

. Devanand DP, Van Heertum RL, Kegeles LS et al. (99 m)Tc hexamethyl-

propylene-aminoxime single-photon emission computed tomography pre-
diction of conversion from mild cognitive impairment to Alzheimer disease.
Am ] Geriatr Psychiatry 2010;18:959-972.

. Devanand DP, Pradhaban G, Liu X et al. Hippocampal and entorhinal

atrophy in mild cognitive impairment: Prediction of Alzheimer disease.
Neurology 2007;68:828-836.

. Petersen RC, Smith GE, Ivnik R] et al. Apolipoprotein E status as a predic-

tor of the development of Alzheimer’s disease in memory-impaired individ-
uals. JAMA 1995;273:1274-1278.

Papaliagkas VT, Anogianakis G, Tsolaki MN et al. Prediction of conver-
sion from mild cognitive impairment to Alzheimer’s disease by CSF cyto-
chrome c levels and N200 latency. Curr Alzheimer Res 2009;6:279-284.
Lanari A, Parnetti L. Cerebrospinal fluid biomarkers and prediction of con-
version in patients with mild cognitive impairment: 4-year follow-up in a
routine clinical setting. ScientificWorldJournal 2009;9:961-966.

Devanand DP, Liu X, Tabert MH et al. Combining early markers strongly
predicts conversion from mild cognitive impairment to Alzheimer’s disease.
Biol Psychiatry 2008;64:871-879.

Davatzikos C, Bhatt P, Shaw LM et al. Prediction of MCI to AD conver-
sion, via MRI, CSF biomarkers, and pattern classification. Neurobiol Aging
2011;32:2322 e19- e27.

Vemuri P, Wiste H], Weigand SD et al. MRI and CSF biomarkers in nor-
mal, MCI, and AD subjects: Predicting future clinical change. Neurology
2009;73:294-301.

Nasreddine ZS, Phillips NA, Bédirian V et al. The Montreal Cognitive
Assessment, MoCA: A brief screening tool for mild cognitive impairment. J
Am Geriatr Soc 2005;53:695-699.

Aggarwal NT, Wilson RS, Beck TL et al. Mild cognitive impairment in dif-
ferent functional domains and incident Alzheimer’s disease. ] Neurol
Neurosurg Psychiatry 2005;76:1479-1484.

Traykov L, Rigaud A-S, Cesaro P et al. Neuropsychological impairment in
the early Alzheimer’s disease. Encéphale 2007;33(3 Pt 1):310-316.

Grober E, Hall CB, Lipton RB et al. Memory impairment, executive dys-
function, and intellectual decline in preclinical Alzheimer’s disease. ] Int
Neuropsychol Soc 2008;14:266-278.

Clément F, Belleville S, Mellah S. Functional neuroanatomy of the encod-
ing and retrieval processes of verbal episodic memory in MCI Cortex
2010;46:1005-1015.

Dannhauser TM, Shergill SS, Stevens T et al. An fMRI study of verbal epi-
sodic memory encoding in amnestic mild cognitive impairment. Cortex
2008;44:869-880.

McKhann G, Drachman D, Folstein M et al. Clinical diagnosis of Alzhei-
mer’s disease: Report of the NINCDS-ADRDA Work Group under the aus-
pices of Department of Health and Human Services Task Force on
Alzheimer’s Disease. Neurology 1984;34:939-944.

Petersen RC. Mild cognitive impairment as a diagnostic entity. J Intern
Med 2004;256:183-194.

Arndiz E, Almkvist O, Ivnik RJ et al. Mild cognitive impairment: A cross-
national comparison. J Neurol Neurosurg Psychiatry 2004;75:1275-1280.
Tabert MH, Manly JJ, Liu X et al. Neuropsychological prediction of con-
version to Alzheimer disease in patients with mild cognitive impairment.
Arch Gen Psychiatry 2006;63:916-924.

Wang PN, Lirng JF, Lin KN et al. Prediction of Alzheimer’s disease in mild
cognitive impairment: A prospective study in Taiwan. Neurobiol Aging
2006;27:1797-1806.

26. Molinuevo JL, Gémez-Anson B, Monte GC et al. Neuropsychological pro-
file of prodromal Alzheimer’s disease (Prd-AD) and their radiological corre-
lates. Arch Gerontol Geriatr 2011;52:190-196.

27. Rozzini L, Chilovi BV, Conti M et al. Conversion of amnestic mild cogni-
tive impairment to dementia of Alzheimer type is independent to memory
deterioration. Int J Geriatr Psychiatry 2007;22:1217-1222.

28. Wilson RS, Leurgans SE, Boyle PA et al. Cognitive decline in prodromal
Alzheimer disease and mild cognitive impairment. Arch Neurol
2011;68:351-356.

29. Petersen RC, Roberts RO, Knopman DS et al. Mild cognitive impairment:
Ten years later. Arch Neurol 2009;66:1447-1455.

30. Johns EK, Phillips NA, Belleville S et al. The profile of executive function-
ing in amnestic mild cognitive impairment: Disproportionate deficits in
inhibitory control. J Int Neuropsychol Soc 2012;18:541-555.

31. Mickes L, Wixted JT, Fennema-Notestine C et al. Progressive impairment
on neuropsychological tasks in a longitudinal study of preclinical Alzhei-
mer’s disease. Neuropsychology 2007;21:696-705.

32. Miettinen PS, Pihlajamdki M, Jauhiainen AM et al. Structure and function
of medial temporal and posteromedial cortices in early Alzheimer’s disease.
Eur J Neurosci 2011;34:320-330.

33. Rami L, Solé-Padullés C, Fortea J et al. Applying the new research diagnos-
tic criteria: MRI findings and neuropsychological correlations of prodromal
AD. Int J Geriatr Psychiatry 2012;27:127-134.

34. Kawas CH. Clinical practice. Early Alzheimer’s disease. N Engl J Med
2003;349:1056-1063.

35. Hort J, O’Brien JT, Gainotti G et al. EFNS guidelines for the diagnosis and
management of Alzheimer’s disease. Eur J Neurol 2010;17:1236-1248.

36. Chertkow H, Massoud F, Nasreddine Z et al. Diagnosis and treatment of
dementia: 3. Mild cognitive impairment and cognitive impairment, without
dementia. CMA]J 2008;178:1273-1285.

37. Weimer DL, Sager MA. Early identification and treatment of Alzheimer’s
disease: Social and fiscal outcomes. Alzheimers Dement 2009;5:215-226.

SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article:

Figure S1. Receiver operating characteristic curves of
the Memory Index Score and the education-corrected
Montreal Cognitive Assessment (MoCA) total score in
prediction of conversion to Alzheimer’s disease in individu-
als with mild cognitive impairment.

Table S1. Age- and education-adjusted cutoff scores
for each cognitive domain.

Table S2. Baseline and follow-up activity of daily liv-
ing (ADL) scores according to mild cognitive impairment
(MCI) Group.

Table S3. Demographic features and Montreal Cogni-
tive Assessment (MoCA) items and cognitive domain index
scores according to mild cognitive impairment (MCI)
Group (N = 165).

Table S4. Mild cognitive impairment (MCI) subtypes
and conversion rates.

Table S5. Area under the receiver operating character-
istic curve (AUC) for the cognitive domain index scores to
predict conversion from mild cognitive impairment to
Alzheimer’s disease (N = 165).

Please note: Wiley-Blackwell is not responsible for the
content, accuracy, errors, or functionality of any support-
ing materials supplied by the authors. Any queries (other
than missing material) should be directed to the corre-
sponding author for the article.



