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Abstract

Objectives—Individuals with mild cognitive impairment (MCI) are at high risk of developing
dementia and/or Alzheimer’s disease (AD). Among persons with MCI, depression and anxiety
have been associated with an increased risk of incident dementia. We examined whether
neuropsychiatric symptoms in MCI increased the risk of incident dementia (all-cause) and incident
AD.

Design—Longitudinal cohort study followed annually (median 1.58 years)

Setting—National Alzheimer’s Coordinating Center (NACC) database combining clinical data
from 29 Alzheimer’s Disease Centers (ADCSs).

Participants—1821 participants with MCI

Measurements—1) Progression to dementia (all-cause) or AD, 2) Neuropsychiatric Inventory
Questionnaire (NP1-Q), 3) Geriatric Depression Scale (GDS), 4) Clinical Dementia Rating Global
Score and Sum of Boxes (CDR-Sum) 5) Mini-Mental State Exam (MMSE). The association of
covariates with risk of incident dementia or AD was evaluated with hazard ratios (HR) determined
by Cox proportional-hazards models adjusted for age, ethnicity, CDR-Sum, and MMSE.

Results—527 participants (28.9%) progressed to dementia and 454 (24.9%) to AD. Baseline
GDS>0 was associated with increased risk of incident dementia (HR 1.47, 95% CI 1.17, 1.84) and
AD (HR 1.45, 95% CI 1.14, 1.83). Baseline NPI>0 was associated with increased risk of incident
dementia (HR 1.37. 95% CI 1.12, 1.66) and AD (HR 1.35,95% CI 1.09, 1.66).
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Conclusions—Neuropsychiatric symptoms in MCI are associated with significantly increased
risk of incident dementia and AD. Neuropsychiatric symptoms may be among the earliest
symptoms of preclinical stages of AD and targeting them therapeutically might delay transition to
dementia.

Background

Alzheimer’s disease (AD) is a growing public health problem, with an estimated prevalence
of 5.3 million in the U.S. alone (33 million worldwide), that is expected to increase to 11 to
16 million by the year 2050 (over 115 million worldwide) (1). There is considerable
pathologic and clinical evidence that the neuropathologic processes of AD start years before
functional decline (2) and that identification of prodromal states of AD will be crucial to
future disease interventions. The most widely studied prodromal state is mild cognitive
impairment (MCI), in which patients have subjective complaints and/or objective evidence
of memory deficits in the absence of significant functional decline(3). Given that individuals
with MCI are a target population for preventive intervention, it is important to identify
clinical variables that can be used to predict MCI prognosis. Several variables or biomarkers
have been associated with an increased risk of progression from MCI to AD, including
cognitive performance(4), CSF or imaging markers of amyloid deposition (5, 6), and
magnetic resonance imaging markers of neuronal loss(7).

Neuropsychiatric symptoms (NPS), particularly depression, anxiety, agitation, irritability,
and apathy, are more prevalent and severe in AD than in cognitively normal older adults(8).
NPS are also more prevalent and severe in MCI than in cognitively intact older adults, but
less so than in AD (9) Using the database of the National Alzheimer’s Coordinating Center
(NACC) to assess NPS in a large MCI cohort, we recently reported that NPS are common in
MCI and associated with executive dysfunction (10).

Given the high prevalence of NPS in AD and MCI, it is possible that NPS are predictors of
progression from MCI to AD. There are prior reports linking NPS with increased risk of
progression from MCI to AD including depression (11), apathy(12, 13), anxiety (14, 15),
and the presence of any NPS (11). The added risk can be substantial: for example, in one
study the presence of apathy increased the risk of incident dementia seven-fold (13). Given
this evidence we hypothesized that NPS (particularly affective symptoms such as
depression) would increase the risk of progression to dementia or AD. To test this
hypothesis, we examined the association between NPS and incident dementia and AD in a
large well-characterized MCI cohort.

Methods

The National Alzheimer’s Coordinating Center (NACC) is responsible for developing and
maintaining a database combining the data collected at the 29 Alzheimer’s Disease Centers
(ADCs) funded by the National Institute on Aging. The NACC database has been
operational since 2000. In 2002 NACC expanded its efforts into a fully integrated data
system, the Uniform Data Set (UDS) (16) which is available to investigators in the field for
analytic projects. The UDS is a dataset incorporating the clinical, neuropsychological, and
diagnostic results of the ADC assessments and the UDS methods have been previously
published (17).

Protocol Approvals, Registrations, and Patient Consents

All participants or their legally authorized representatives signed informed consent prior to
participation. The Institutional Review Board overseeing each ADC approved local
procedures.
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MCI and dementia diaghoses

Participants were assigned a diagnosis at each examination adjudicated by an experienced
clinician or an interdisciplinary team (17), based on information from medical, neurologic,
and psychiatric history, neuropsychological assessment, and the Clinical Dementia Rating
Scale (18). The UDS neuropsychological assessment was used to inform the diagnostic
process, but diagnoses were made clinically and not on the basis of strict cutoffs on
neuropsychologic tests. The NACC battery includes the Mini-Mental State Exam (19),
Wechsler Memory Scale-Revised Logical Memory 1A and 1A (20), Digit Span Forward and
Backward (20), Category Fluency (animals and vegetables) (21), Boston Naming Test (22),
WAIS-R Digit Symbol (23) Trail Making Test Parts A and B (24). Participants were
assigned diagnoses of 1) “cognitively normal” if they had normal cognition and lacked
evidence of MCI, dementia or other neurologic condition resulting in cognitive
impairment, ; 2) “demented” if the participant met standard criteria for dementia of the
Alzheimer’s type or for other non-Alzheimer’s dementing disorders; 3) “MCI” if the
participant lacked not have normal cognition and was not clinically demented.

Definition of Dementia subtypes

At each visit, participants were first diagnosed as “normal cognition”, “MCI”, or
“dementia”. Those participants diagnosed with “dementia” were further subtyped into the
specific etiologies “probable” AD, or “possible” AD. For the purposes of improving
statistical power we chose to combine “probable” and “possible” AD into “AD”. These two
outcomes (dementia and AD) constitute “failure” outcomes in the survival analyses
described below. The interdisciplinary team had the option of assigning many other
dementia diagnoses of lesser prevalence (i.e., vascular dementia, frontotemporal dementia,
progressive supranuclear palsy, multi-system atrophy, etc.). Given the low prevalence of
these uncommon dementia diagnoses we did not consider these individually in our analyses,
but classified them as “demented”.

Clinical variables

Clinical Dementia Rating (CDR) (18)—CDR is the most widely used rating of global
function in dementia and MCI. CDR is performed via a semi-structured interview and it has
excellent reliability and validity (25-28). CDR uses a 4 to 5-point scale to characterize six
domains of cognitive and functional performance: memory, orientation, judgment,
community, hobbies, and personal care. Each domain is rated (0=no impairment,
0.5=questionable impairment, 1=mild impairment, 2=moderate impairment, 3=severe
impairment), with the exception of personal care which omits the questionable impairment
category; the descriptors in the UDS differ from the original CDR in which 0.5 = very mild
dementia, 1 = mild dementia, etc. A global score (CDR-Global) is created using a predefined
algorithm (18). The CDR-Sum of Boxes (CDR-Sum) is the sum of individual ratings in each
of the six domains, with a range of 0 (no impairment) to 30 (maximum impairment in all
domains). Both CDR-Global and CDR-Sum were examined as covariates in the analyses.
CDR-Sum has demonstrated sensitivity to functional changes within MCI and AD (29).

Neuropsychiatric Inventory Questionnaire (NPI-Q) (30, 31)—The Neuropsychiatric
Inventory (NPI) is a widely used measure of NPS in dementia research that assesses the type
and severity of NPS in people with memory disorders. NPI-Q surveys 12 domains: agitation,
delusions, hallucinations, depression, euphoria, aberrant motor behavior, apathy, irritability,
disinhibition, anxiety, sleep, and eating. It is administered as a structured interview with a
knowledgeable informant who can report the patient’s NPS. NPI-Q is a simplified clinical
version of the NPI, with two scores reported for each domain: a) presence of symptoms; and
b) severity on a 0-3 scale (0= none, 1=mild, 2=moderate, 3=severe). We report severity for
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each NPI-Q symptom domain, and further calculated the sum referred to below as NPI-Q
Total (range 0-36). Unlike the NPI (30) the frequency of symptoms is not assessed on NPI-

Q,(31).

Geriatric Depression Scale (GDS), short-form (32)—GDS (short-form) is a 15-item
scale in which 15 statements are endorsed “yes” or “no” by the participant. The statements
include those for which “yes” reflects a depressed response and those for which “no”
reflects a depressed response. The number of depressed responses is summed and range
from 0-15. GDS (short-form) has good 11 reliability in older populations (33) and MCI
(34)with a cutoff score of 4 providing good sensitivity and specificity for diagnosis of
depression (33).

Hachinski Ischemic Score (35)—The Hachinski Ischemic Score was devised to
differentiate vascular dementia from degenerative dementia (largely AD). The scale rates
eight items associated with vascular dementia including abrupt onset, stepwise progression,
emotional incontinence, history of stroke or hypertension, and focal neurologic signs and
symptoms. The range is 0-12; scores of 4 or less are consistent with primary degenerative
dementias, scores of >=7 with vascular dementias, while scores of 5-6 are considered
equivocal.

Statistical Analyses

T-tests (for continuous variables) and X2 tests (for categorical variables) were used to assess
baseline differences between the MCI cases with at least one follow-up and those without a
follow-up, as well as those with incident dementia or AD compared to those who did not
develop dementia over the follow-up. The analyses of AD excluded non-AD dementias and
compared participants who developed AD with those who did not develop any dementia
over the follow-up period. Cox proportional hazards models were used to estimate the
hazard ratio (HR) for incident dementia and AD. Years at risk were calculated from baseline
to the last follow-up (i.e., censoring) or a diagnosis of dementia and AD (i.e., “failure”). To
determine which covariates to include in the models, hazard ratios for individual
demographic and cognitive variables were calculated including: age in years (continuous
variable), race (categorically defined as African-American, Caucasian, other), Hispanic
(categorically defined as Hispanic, non-Hispanic, other), education in years (continuous
variable), Mini-Mental State Exam score (continuous variable), CDR-Global or CDR-Sum
(continuous variables), and Hachinski Ischemic Score (continuous variable). Those
covariates with statistically significant HRs were included in subsequent analyses.
Neuropsychiatric variables included NPI-Q Total, GDS, and individual NPI-Q symptom
domains. Since both NPI-Q Total and GDS were skewed towards zero they were divided
into approximately equal tertiles, and additionally categorized as any symptom absent (i.e.,
NPI-Total = 0) or present (NPI-Total > 0). The a priori threshold for statistical significance
was set at p<.05. Holm’s procedure (36) was used to adjust for multiple comparisons. We
included CDR-Sum in multivariate models because it is highly correlated with NPI-Q and
thus a potential confound. Since CDR-Global and CDR-Sum were highly correlated, we
chose to include only CDR-Sum in multivariate models due to its greater range and
abovementioned sensitivity to change. The assumption of proportional hazards was tested
using the methods of Grambsch and Thernau (37). All analyses were conducted using
STATA Version 10.0 (StataCorp, College Station, TX).
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Results

Demographics

Of the 3692 NACC participants diagnosed with MCI, 1821 (49%) had at least one follow-up
visit and are included in the present analyses. MCI participants with no follow-up visits were
younger (mean 74.4 vs. 75.4 years, t=—2.94, df=3690, p=0.003), more likely to be Hispanic
(9.4% vs. 6.3%, X2(1)= 12.08 P= 0.001) or African-American (18.6% vs. 14.4%, x2(1)=
10.88, p=0.001), and more likely to be female (55.6 % vs. 50.5%, x2(1) = 9.70, p=0.002) but
did not differ on education or MMSE. Demographic variables for the 1821 participants are
further described in Table 1. On average, MCI participants were in their mid-70s, had 3
years of college education, and 21% were African-American or Hispanic. The median (251",
75t percentile) duration of follow-up for all participants was 1.58 (1.08, 2.09) years and
mean (SD) number of followup visits was 1.50 (0.62). 527 (28.9%) progressed to dementia
after a mean (SD) follow-up of 1.17 (0.33) years. 454 participants (24.9%) progressed to AD
after a mean (SD) follow-up of 1.16 (0.32) years. Participants who progressed to dementia
were older and less likely to be African-American or Hispanic, had lower baseline MMSE
scores, or higher CDR-Global and CDR-Sum scores (Table 1).

At baseline, NPI-Q Total and GDS symptoms were associated with higher CDR-Sum.
Participants with baseline NP1-Q Total>0, had a higher baseline CDR-Sum than those with
NPI-Q Total = 0(mean (SD) of 1.68 (1.25) vs. 1.00 (.98)). Participants with baseline GDS
>0, had a higher baseline CDR-Sum than those with GDS = 0 (mean (SD) of 1.46 (1.17) vs.
1.11 (1.19)). Baseline NPI-Q Total and CDR-Sum were highly correlated (Spearman’s r =
0.38, p<.001).

Clinical variables associated with risk of dementia and AD

527 participants (29.0%) were diagnosed with incident dementia and 454 (24.9%) with
incident AD. Older age and lower MMSE were associated with increased risk of incident
dementia, while African-American and Hispanic ethnicity were associated with decreased
risk of incident dementia (Table 2). Older age, Hispanic ethnicity, and lower MMSE were
similarly associated with increased risk of incident AD. Higher baseline CDR-Global, CDR-
Sum, and NPI-Q Total were associated with an increased risk of dementia and AD (Table 2).
Given these results, baseline CDR-Sum, age, African-American and Hispanic ethnicity, and
baseline MMSE were included as covariates in subsequent analyses.

NPI-Q Total and GDS predict dementia incidence

The risk of incident dementia by NPI-Q Total and GDS tertiles is shown in Table 3. Of the
original 1821 participants 1787 (98.1%) had complete baseline data for these multivariate
analyses (34 lacked baseline MMSE scores). The middle and highest NPI-Q Total tertiles
were associated with an increased risk of dementia and AD compared to the lowest tertile,
with no evidence of a dose-response for incident dementia or AD (i.e., the highest tertile was
associated with a similar risk as the middle tertile). The highest two GDS tertiles were
similarly associated with an increased risk of incident dementia but not AD. Baseline NPI-Q
Total = 4 and baseline GDS = 4 were not associated with increased incidence of dementia
and AD (data not shown).

Multivariable models examining NPS (GDS or NPI-Q) as predictors of incident dementia
were adjusted for baseline CDR-Sum, age, African-American race, Hispanic ethnicity, and
MMSE (Table 4). Higher MMSE, lower CDR-Sum, African-American race and Hispanic
ethnicity were associated with a lower risk of incident dementia. The presence of any NPI-Q
or GDS symptom was associated with significantly higher risk of incident dementia and AD
(Table 4). Figure 1 illustrates visually one of these associations, displaying the Kaplan-
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Meier survival curve for incident dementia stratified by the presence or absence of NPI-Q
>0 vs. NPI-Q=0 at baseline.

Analysis of individual NPI-Q domains revealed a substantial prevalence of symptoms (i.e.,
many domains with NPI-Q >0) but relatively low severity with the range of mean severities
being 0.025 to .035 on a scale of 0-3 (Table 5a). We additionally observed significant
associations of several domains with incident dementia and AD (Table 5a). However, these
associations were no longer observed after CDR-Sum was added as a covariate (Table 5b).

Discussion

These results support our hypothesis that the presence of any NPS (assessed by NPI-Q) and
any depressive symptoms (assessed by GDS) in MCI are associated with a higher risk of
incident dementia and AD. The increase in risk was large enough to be clinically significant:
participants in the middle and upper tertiles of NPI-Q Total (meaning NPI-Q Total > 0) had
>40% increased risk of incident dementia, while participants in the middle and upper tertiles
of GDS (meaning GDS > 1) had a 30% increased risk of incident dementia. Similar
associations were observed for NPI-Q Total and incident AD, although the associations of
GDS with incident AD were not statistically significant. Importantly, these associations
were unaffected after controlling for baseline CDR-Sum and MMSE, suggesting that NPS
(as measured by NPI-Q) and depressive symptoms (as measured by GDS) in MCI are
associated with increased risk of incident dementia independent of baseline cognitive or
functional status.

At baseline, the prevalence of NPS were relatively high, but symptom severity was low
(Table 5a) (10) and comparable to prior reports (9). After controlling for covariates we did
not find significant associations between individual NPS and incident dementia and AD.
While GDS was associated with increased risk of incident dementia, HRs were similar for
the middle tertile (GDS =2-3) and upper tertile (GDS>4) suggesting that the increased risk
was not limited to participants with clinically significant depressive symptoms.

We observed brisk rates of progression to dementia and AD in these MCI participants with
median duration to diagnosis of 1.17 and 1.16 years respectively, equivalent to a 25% annual
rate of progression to dementia and 21% to AD. This reflects a relatively high-risk MCI
group compared to the 17.2% annual rate reported in the Alzheimer’s Disease Neuroimaging
Initiative (38), and is higher than the approximate 15% annual rate of progression observed
in population-based MCI samples (39). In Figure 1 it is notable that the survival curves trend
steeply downward between 1 and 2 years of followup, and plateau between years 2 and 4. In
this cohort, progression to dementia appears to be a relatively early event particularly in
participants with NPS, in contrast to the generally accepted idea that MCI progression
occurs steadily over many years.

The findings are tempered by methodologic considerations common to observational studies
of NPS in MCI and AD. Incident dementia was associated with greater severity of
depressive symptoms as quantified on GDS but not on the depression domain of the NPI-Q.
These likely resulted from GDS being a more sensitive instrument than NPI-Q for
depressive symptoms, as would be expected from a domain-specific instrument (GDS) as
opposed to a general NPS instrument (NPI-Q). . Another issue is that the presence of any
symptom on NPI-Q increased risk of incident AD and dementia, but the severity of specific
NPI-Q domains did not, after controlling for CDR. This may be merely an issue of statistical
power, in that no one NPI-Q domain had notably high severity, or the association between
NPS and incident dementia and AD may not be domain-specific.

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2014 July 01.
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In this cohort participants of African-American ethnicity were at lower risk of incident
dementia and AD, while those of Hispanic ethnicity were at lower risk of incident dementia
but not AD (Table 2). While these findings may reflect genuine associations they may also
reflect “informative” censoring in that participants with poorer outcomes may have been
more likely to drop out.

Given the lack of autopsy data or biomarkers we cannot infer that NPS are a prodrome of the
AD neuropathological process. There are several other mechanisms beyond the scope of this
dataset that could underly these associations including inflammation, nutritional alterations,
and vascular pathology. However, our results are consistent with the hypothesis that
neuropsychiatric symptoms in MCI even at low severity (“mild behavioral impairment”
(40)) may be an early symptom of dementia and AD. Clinicians may want to be especially
alert to new NPS symptoms presenting in persons with MCI l.e., neuropsychiatric symptoms
may add to cognitive complaints in defining risk factors for progression of MCI to AD.
These findings also bring up the interesting question of what biologic mechanisms may be
responsible for the association of NPS with incident dementia and AD. One possible
explanation is that mood symptoms in AD could be related to decreased monoaminergic
innervation and neurotransmission in mood disorders and AD (41) Additionally,
neuroinflammatory mechanisms may also underlie mood disorders and AD (42, 43), and
there is evidence for monoaminergic regulation of neuroinflammation in AD (44). In mouse
models of AD (45) and human AD pathologic specimens (46) loss of monoaminergic
innervation is a relatively early event. This loss of monoaminergic innervation might be
associated with NPS, which thus might represent a treatment target for early intervention in
AD.

Strengths of this study include 1) the large MCI cohort with longitudinal follow-up; 2) use
of clinical diagnoses of MCI and dementia by experienced interdisciplinary teams.
Limitations include: 1) Delineation of NPS with the NPI-Q. The NPI-Q is a measure
administered solely to “knowledgeable informants” (usually caregivers), and assesses only
occurrence and severity of NPS but not frequency of symptoms . 2) Limited duration of
follow-up averaging about 1.5 years. It is possible that longer-term follow-up would reveal
different associations or strength of associations. 3) Assessment of a research, not
community-based, sample of participants with MCI. The rate of progression from MCI to
dementia has been reported to be much higher in clinical research samples than in
community-based samples (47); thus, our data may be more representative of an MCI cohort
that is relatively high-risk for progression to dementia, and thus not necessarily
generalizable to all MCI. 4) While the clinical measures are standardized there are no
measures of interrater or inter-site reliability and no standardized training across the sites. 5)
Intercorrelation of covariates. For example, greater NPS were associated with functional
deficits, the presence of which are in fact crucial in distinguishing MCI from dementia. 6)
The UDS contains only one instrument specific to an NPS domain (GDS for depression) and
thus lacks depth in assessment of other important NPS (notably apathy and psychosis). 7)
We did not distinguish between MCI subtypes, and the inclusion of participants with
nonamnestic MCI could have resulted in underestimation of progression to AD.

In summary, we conclude NPS symptoms in MCI are associated with increased risk of all-
cause dementia and of AD, and that depressive symptoms are associated with increased risk
of all-cause dementia. The risk added by even mild severity of NPS and depressive
symptoms was 30-40% and is a large enough effect to be of potential importance to
clinicians. These results suggest that the evaluation of NPS is important in predicting
prognosis of MCI, adds to the predictive power of cognitive evaluation, and should be part
of a thorough clinical evaluation of MCI. It is possible that the addition of evaluation of NPS
to other cognitive and biological predictors of MCI prognosis may allow for identification of
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MCI patients at high risk of incident dementia who would constitute a target population for
future preventive interventions for AD. Targeting NPS may also provide important
therapeutic avenues for dementia prevention.
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Proportion not demented

Proportion not demented by presence/absence of NPl symptoms at baseline
MCI participants in NACC cohort (N=1821)
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FIGURE 1. RISK OF INCIDENT DEMENTIA STRATIFIED BY PRESENCE/ABSENCE OF
NPl SYMPTOMSAT BASELINE

Kaplan-Meier survival curves for risk of incident dementia in the 1821 MCI participants
with at least one follow-up are displayed, stratified by baseline NP1=0 vs. NPI>=1. Statistics
are reported in Table 3.
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TABLE 1

DEMOGRAPHIC VARIABLES

Page 12

Means (SDs) are presented for continuous demographic variables, and prevalence (%) reported for
dichotomous variables for 1821 NACC participants with MCI and at least one follow up visit. Means of
continuous variables compared between participants with and without incident dementia with Student’s t-test,

while comparisons of dichotomous variables were made using X2 variable. p<.05 was used as the threshold for

statistical significance.

Variable All participantswith Participantswith Participantswith Statistic

baselineMCl baseline M Cl without baseline MCl with

(N=1821) incident dementia (N= incident dementia (N=

1294) 527)

Age (yrs) 75.3(9.3) 74.8 (9.0) 76.5 (9.9) t=-3.67,df=1819, p<.001
Education (yrs) 15.2 (6.2) 15.2 (6.3) 15.4 (6.1) t=—.65, df=1819, p=.51
African-American 13.8% 16.3% 9.9% X?(1)=12.02, p=.001
Hispanic 6.3% 7.2% 4.0% X3(1)=6.61, p=.01
Female 50.5% 51.6% 47.8% ¥2(1)=2.17, p=.14
MMSE 27.1(2.5) 28.7 (9.6) 27.5 (10.0) t=2.31, df=1819, p=.02
CDR-Global 45 (.19) 43 (.20) 51(17) t=-8.91, df=1819, p<.001
CDR-Sum 1.38 (1.19) 1.1 (1.0) 2.0 (1.4) t=-14.1, df=1819, p<.001
Hachinski Ischemic Score™ | 106 (1.46) 1.0 (1.4) 91 (L.1) t=1.06, df=1792, p=.29

*
Due to missing data, the N for Hachinski ischemic score was 1776 (1276 participants without incident dementia, 520 participants with incident

dementia).
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