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Abstract.

Background: There is increasing recognition of cognitive and pathological heterogeneity in early-stage Alzheimer’s dis-
ease and other dementias. Data-driven approaches have demonstrated cognitive heterogeneity in those with mild cognitive
impairment (MCI), but few studies have examined this heterogeneity and its association with progression to MCI/dementia
in cognitively unimpaired (CU) older adults.

Objective: We identified cluster-derived subgroups of CU participants based on comprehensive neuropsychological data and
compared baseline characteristics and rates of progression to MCIl/dementia or a Dementia Rating Scale (DRS) of <129
across subgroups.

Methods: Hierarchical cluster analysis was conducted on individual baseline neuropsychological test scores from 365 CU
participants in the UCSD Shiley-Marcos Alzheimer’s Disease Research Center longitudinal cohort. Cox regressions examined
the risk of progression to consensus diagnosis of MCI or dementia, or to DRS score <129, by cluster group.

Results: Cluster analysis identified 5 groups: All-Average (n = 139), Low-Visuospatial (n =46), Low-Executive (n =51), Low-
Memory/Language (n=83), and Low-All Domains (n =46). Subgroups had unique demographic and clinical characteristics.
Rates of progression to MCI/dementia or to DRS <129 were faster for all subgroups (Low-All Domains progressed the
fastest > Low Memory/Language > Low-Visuospatial and Low-Executive) relative to the All-Average subgroup.
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Conclusion: Faster progression in the Low-Visuospatial, Low-Executive, and Low-Memory/Language groups compared to

the All-Average group suggests that there are multiple pathways and/or unique subtle cognitive decline profiles that ultimately

lead to a diagnosis of MCI/dementia. Use of comprehensive neuropsychological test batteries that assess several domains may
be a key first step toward an individualized approach to early detection and fewer missed opportunities for early intervention.
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INTRODUCTION

Although Alzheimer’s disease (AD) research has
moved toward earlier detection [1], our understand-
ing of cognitive heterogeneity within the pre-mild
cognitive impairment (MCI) phase or early stages of
the AD continuum remains underdeveloped. Statis-
tical data-driven approaches such as cluster analysis
or latent profile analysis applied to neuropsycholog-
ical test data have identified multiple mild cognitive
impairment (MCI) subtypes [2—-8] beyond the tradi-
tional amnestic/nonamnestic distinction [9, 10]. In
various studies, amnestic (i.e., predominant memory
impairment) [2, 5-8], dysnomic (i.e., predominant
language impairment) [2, 6, 7], dysexecutive (i.e.,
predominant attention/executive functioning impair-
ment, often with concurrent memory difficulties) [2,
6, 7], and mixed/multidomain MCI subtypes [3, 5, 8]
have emerged. These empirically-derived MCI sub-
types can have unique associations with cerebrospinal
fluid and neuroimaging biomarkers, as well as dif-
ferent trajectories of functional decline and risk of
dementia [2, 4, 11, 12]. Overall, data-driven meth-
ods outperform conventional methods of diagnosis
in capturing individuals with MCI who have positive
(i.e., abnormal) AD biomarkers, progress to demen-
tia, or have AD pathology at autopsy [3].

Few studies have specifically examined the hetero-
geneity of cognitive performance within cognitively
unimpaired (CU) individuals to determine if there
are specific cognitive phenotypes that have increased
risk of developing MCI and dementia. Studies that
have examined combined CU and MCI participants
in analyses have typically only classified CU partici-
pants into high- and low- average cognition groups [3,
6, 13] or into a single “subtle cognitive impairment”
group [7]. An exception is a recent study that used
a statistical approach to classify CU participants into
cognitive phenotypic groups and then examined the
association of these subtypes with modifiable vas-
cular, physical activity, and diet factors [14]. This
approach identified high-average and average groups,
as well as Low-Memory and Low-Executive groups

[14]. However, this study did not examine longitu-
dinal outcomes and, to our knowledge, no studies
focusing only on CU participants have longitudi-
nally examined the impact of cognitive phenotypes
on rates of progression to MCI/dementia. Therefore,
the aim of our study was to identify cluster-derived
groups of CU participants based on comprehensive
neuropsychological test data and to compare their
baseline characteristics and rates of progression to
MCT/dementia.

METHODS
Farticipants

Participants included 365 CU individuals (i.e.,
without a consensus diagnosis of MCI, “impaired not
MCIL,” or dementia), aged 50+, who were enrolled in
the longitudinal study at the University of Califor-
nia San Diego (UCSD) Shiley-Marcos Alzheimer’s
Disease Research Center (ADRC). Inclusion criteria
included stable health status, English- or Spanish-
speaking, available study partner, and no history of
major stroke/neurologic condition, severe psychiatric
illness, substance abuse, or learning disability. Partic-
ipants diagnosed with “impaired, not MCI”, MCI, or
dementia at baseline were excluded from the current
study. Participants completed the neuropsychological
testing in their preferred language of English or Span-
ish. The protocol was reviewed and approved by the
UCSD institutional review board. Written informed
consent to participate in the study was obtained from
all participants or a designated caregiver.

Neuropsychological measures

Individual neuropsychological measures from par-
ticipants’ baseline visit representing the domains of
memory (California Verbal Learning Test (CVLT)
or CVLT-II Learning Trials 1-5; CVLT or CVLT-1I
Long Delay Free Recall; Wechsler Memory Scale-
Revised [WMS-R] Logical Memory Delay), lan-
guage (Boston Naming Test [BNT] or Multilingual
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Naming Test [MINT]; Category Fluency [animals,
fruits, vegetables]; Letter Fluency [F, A, S1;), process-
ing speed and executive functioning (Trail Making
Test Parts A and B; modified Wisconsin Card Sorting
Test [WCST] categories completed), and visuospa-
tial functioning (Block Design; Clock Drawing Test
[CDT] command) were included in the cluster anal-
ysis. Consistent with our previous work, prior to
analyses, each raw test score was converted to a
demographically-adjusted (age, sex/gender, educa-
tion) z-score [3]. Z-scores were determined based
on the difference between the observed score and
expected score divided by the standard error of mea-
surement. Regression coefficients to determine the
expected score were derived from a subset of the
larger UCSD Shiley-Marcos ADRC sample who
were considered to be robust CU participants. These
robust CU participants (rn=355) had at least 1 year
of follow-up data (mean follow up=6.6 [SD=5.6]
years) and were considered CU via consensus diagno-
sis for the duration of their participants in the ADRC
study. The robust CU participants were demographi-
cally well-matched to the participants in the current
study (mean age="71.6 years [SD =8.5]; mean edu-
cation = 14.9 years [SD =3.7]; 59.4% female; 92.1%
White).

Outcome measures

As part of the research protocol, participants
completed annual clinical, neurologic, and neuropsy-
chological evaluations [15, 16]. Clinical status (CU,
MCI, or dementia) was determined at each visit
based on a multidisciplinary (2 neurologists and a
neuropsychologist) consensus diagnosis [3]. In addi-
tion to longitudinal clinical diagnosis, an outcome of
Dementia Rating Scale (DRS) score <129 [17] was
also examined given that a consensus diagnosis of
MCI or dementia may be more heavily weighted for
memory impairment and may not be as sensitive to
capturing progression of nonamnestic profiles.

Analyses

A hierarchical cluster analysis was conducted on
individual neuropsychological z-scores at baseline
for all CU participants. Next, a discriminate function
analysis was conducted to test whether the indi-
vidual neuropsychological measures could predict
cluster-group membership. Analysis of variance and
x? tests compared cluster-derived groups on baseline
demographic and clinical characteristics including:

age, sex/gender (male or female), educational level,
race, and ethnicity (Hispanic or non-Hispanic); Mini-
Mental State Exam (MMSE) and DRS for general
cognition; presence of a subjective memory com-
plaint (yes or no); Apolipoprotein E (APOE) &4
carrier status (carrier or noncarrier), history of dia-
betes (yes or no) and hypertension (yes or no);
Functional Activities Questionnaire (FAQ) [18] and
Clinical Dementia Rating — Sum of Boxes (CDR-
SB) [19] to measure everyday functioning; and the
specific neuropsychological test z-scores.

Cox regression adjusting for age, education,
sex/gender, and ethnicity (Hispanic or non-Hispanic)
determined the risk of progression to (a) consen-
sus diagnosis of MCI or dementia, or (b) a DRS
score <129 within an average of 6.25 years (range
1-20 years) by cluster group. Kaplan-Meier curves
were used to depict the rate of progression to
MCl/dementia or DRS score <129 over time. Follow-
up time was restricted to 20 years or less given the low
number of participants with data after 20 years (n = 8).
Participants who did not progress to MCI/dementia or
DRS score <129 during their follow-up period were
censored at their last visit.

RESULTS

The following sample characteristics were
observed across all participants: mean age=71.93
(SD=7.51) years; mean education=15.44
(SD=3.15) years; 55.9% female; 93.4% White;
and 15.6% Hispanic/Latino/a/x/e. Cluster analysis
resulted in 5 cognitive groups: 1) All-Average
(n=139), with mean performance in the average-
to-above average range (i.e., mean z-score near
0 or above) in all domains; 2) Low-Visuospatial
(n=46), with low performances (i.e., mean z-score
near —1 or below) on Block Design and the CDT,;
3) Low-Executive (n=51), with low performances
on Trails B, WCST, and Block Design; 4) Low-
Memory/Language (n = 83), with low performances
on measures of memory and verbal fluency; and 5)
Low-All Domains (n=46), with low performances
on the majority of tests examined (see Fig. 1).
Notably, the Low-Visuospatial, Low-Executive,
and Low-All Domains groups all showed low
performances on Block Design, likely due to the
complexity of this task requiring visuoperceptual
abilities in combination with the need to efficiently
plan and construct the correct block design within
the time limit. A discriminant function analysis
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Fig. 1. Baseline neuropsychological scores across the cluster-derived groups of cognitively unimpaired participants. Mean neuropsycho-
logical domain scores, rather than individual scores, are used for the figure only: Memory (CVLT Learning and Delay, Logical Memory
Delay), Language (BNT/MINT, Category Fluency, Letter Fluency), Processing Speed (Trails A), Executive Functioning (Trails B, WCST

Categories), Visuospatial (Block Design, CDT Command).

using the neuropsychological measures to predict
group membership into these 5 clusters correctly
classified 85.2% of the participants. A 4-cluster
solution from the cluster analysis was also exam-
ined in which the Low-Executive group and the
Low-Memory/Language groups were collapsed
into 1 group (n=134) while the three other groups
(All-Average, Low-Visuospatial, Low-All Domains)
remained consistent in both the 4- and 5-cluster
solution. A discriminant function analysis predicting
group membership into the 4 clusters correctly clas-
sified 85.5% of the participants. Given the potential
utility of identifying a Low-Executive group, includ-
ing whether there are unique characteristics or rate of
progression of those with low executive functioning,
we chose to focus on the 5-cluster solution.

Table 1 shows the demographic, clinical charac-
teristics, and specific mean neuropsychological test
scores by cluster-derived group. Briefly, groups did
not significantly differ on age, proportion of par-
ticipants tested in Spanish, or diabetes status. The
All-Average group had the highest proportion of
APOE &4 carriers yet performed the best on the
MMSE and DRS at baseline. The Low-Visuospatial
group had the fewest years of education and were
more likely to be female and Hispanic/Latino/a/x/e.
The Low-Executive group had the most difficulty in
everyday functioning. The Low-Memory/Language

group had the greatest proportion of participants
with a subjective memory complaint and had a
slightly longer duration of follow-up. The Low-All
Domains group was more likely to be non-White
(2.2% Black/African American, 6.5% Asian, 6.5%
other race) and have a history of hypertension.
Across the sample, 85 participants progressed from
CU to adiagnosis of MCI or dementia over an average
of 6.89 years (SD =4.83). Cox regressions, adjusting
for age, education, sex, and ethnicity showed that rel-
ative to the All-Average group, the Low-Visuospatial
(hazard ratio [HR] 2.39, 95% CI [1.03, 5.56],
p=0.044), Low-Memory/Language (HR 4.37, 95%
CI [2.24, 8.51], p<0.001), and Low-All Domains
(HR 7.21, 95% CI [3.59, 14.48], p<0.001) groups
had greater risk of progressing to MCIl/dementia.
The Low-Executive group was also twice as likely
to progress to MCI/dementia compared to the All-
Average group, but did not statistically differ (HR
2.03,95% C1[0.88, 4.70], p=0.096). Examining all
group comparisons, relative to the All-Low Domains
group, the Low-Visuospatial (HR 0.33,95% CI [0.15,
0.71], p=0.005) and Low-Executive (HR 0.28, 95%
CI [0.13, 0.61], p=0.001) groups were less likely
to progress to MCIl/dementia, and while the Low-
Memory/Language group was also less likely to
progress, it did not statistically differ (HR 0.61,
95% CI [0.34, 1.06], p=0.080). The Low-Executive



Table 1

Baseline demographic, clinical, neuropsychological, and biomarker characteristics of the cluster-derived groups

All-Average Low- Low-Executive Low-Memory/ Low-All F or x2 Effect P
(n=139) Visuospatial (n=51) Language Domains Size
(n=46) (n=83) (n=46)
Age 71.67 (7.15) 70.93 (7.60) 71.65 (8.07) 72.23 (7.66) 73.50 (7.67) F=0.80 7% =0.01 p=0.529
Education 15.56 (2.98)° 14.48 (2.76) 15.02 (3.43)¢ 16.18 (3.40)>° 15.17 (2.97) F=2.63 ni =0.03 p=0.034
Female, % 55.4%" 73.9%4 43.1%" 53.0%" 58.7% x*=9.87 ¢c=0.16 p=0.043
White, % 96.4%° 91.3% 92.2% 95.2%*¢ 84.8%%4 x> =8.49 ©:=0.15 p=0.075
Hispanic, % 7.2%" 34.8%4 21.6%" 13.3%" 19.6%* x> =22.57 ¢c=0.25 p<0.001
Tested in Spanish, % 0.0% 2.2% 2.0% 0.0% 2.2% x> =475 ¢c=0.11 p=0314
APOE &4 carrier, % (n) 40.8% (51/125)° 25.6% (10/39) 21.4% (9/42)° 29.2% (21/72) 28.6% (10/35) x2=17.74 ©.=0.16 p=0.102
Diabetes, % 6.5% 2.3% 7.8% 3.7% 10.9% xr=4.12 ©c=0.11 p=0.390
Hypertension, % 36.2% 28.3%° 29.4%° 32.1%° 50.09%bd x> =6.55 ¢c=0.14 p=0.162
MMSE 29.46 (0.90)Pde 29.09 (1.05) 29.14 (1.06) 28.95 (1.29) 29.20 (1.09) F=3.62 n? =0.04 p=0.007
DRS 140.11 (2.96)bede 136.93 (4.15)2 137.33 (5.07)2 137.32 (5.06)* 136.04 (4.12)2 F=13.17 n€ =0.13 p<0.001
Subjective memory complaint 32.8%¢ 39.1% 30.0%9 49.49% 40.0% x>=17.58 ¢ =0.15 p=0.108
FAQ (n=186) 0.36 (0.97)° 0.12 (0.33)° 1.52 (4.01)® 0.80 (1.74) 0.43 (0.79) F=2.62 n? =0.06 p=0.037
CDR-SB (n=235) 0.14 (0.39)° 0.11 (0.33) 0.44 (1.44) 0.32 (0.65) 0.32 (0.64) F=1.70 ng =0.03 p=0.150
Years of follow-up 5.55 (4.94)4 5.78 (5.16) 6.73 (6.74) 7.20 (6.21) 6.61 (5.62) F=134 ng, =0.02 p=0.253
CVLT Learning 0.30 (1.18)d 0.05 (1.25)d 0.27 (1.12)% —1.06 (1.21)2b¢ —1.16 (1.47)2¢ F=25.17 né =0.22 p<0.001
CVLT Delay 0.26 (1.23)de —0.14 (1.36)% 0.25 (1.15)d —1.13 (1.36)¢ —1.23 (1.62)%¢ F=22.79 7% =0.20 p<0.001
LM Delay 0.37 (1.08)bede —0.45 (1.22)de —0.29 (1.33)2de —1.09 (1.31)2¢ —1.36 (1.18)¢ F=28.57 ng =0.24 p<0.001
BNT/MINT 0.65 (1.10)bed —0.40 (1.73)% 0.08 (1.41) —0.40 (1.45)% —1.53 (2.57)%bcd F=19.19 ng, =0.18 p<0.001
Category Fluency 1.05 (2.01)bede 0.21 (1.66)2cde —0.59 (1.55)20e ~1.17 (1.81)* —1.81 (1.64)%¢ F=32.52 né =027 p<0.001
Letter Fluency 0.71 (1.87)bde —0.22 (1.96)de 0.45 (1.68)%¢ —1.16 (1.94)2bce —1.91 (1.70)2bed F=25.37 nf =0.22 p<0.001
Trails A 0.91 (1.23)bede 0.36 (1.34)% 0.12 (1.46)% 0.17 (1.11)% —3.03 (3.08)2bcd F=52.62 n3 =037 p<0.001
Trails B 0.96 (1.16)bede 0.41 (1.30)2cde —0.79 (1.49)2bde —0.20 (1.18)2bee —2.32 (2.71)2bcd F=46.10 ng, =0.34 p<0.001
WCST Categories 0.49 (1.13)bee —0.20 (1.57)%de —1.37 (2.46) 0.51 (0.91)P¢e —0.92 (2.28)2bd F=19.25 né =0.18 p<0.001
Block Design 0.86 (1.21)bce —1.14 (1.67 —1.35 (1.74)d 0.59 (1.39)bce —1.63 (1.64) F=47.84 nf =0.35 p<0.001
CDT 0.64 (1.12)° —3.20 (1.18)2cde 0.83 (0.50)"¢ 0.44 (1.18)° 0.36 (1.44)b¢ F=114.88 n,f, =0.56 p<0.001

Data are summarized as mean (standard deviation), unless otherwise indicated. APOE, apolipoprotein E; MMSE, Mini-Mental State Exam; DRS, Dementia Rating Scale; FAQ, Functional Activities
Questionnaire; CDR-SB, Clinical Dementia Rating — Sum of Boxes; CVLT, California Verbal Learning Test; LM, Logical Memory; BNT, Boston Naming Test; MINT, Multilingual Naming
Test; CDT, Clock Drawing Test. Superscript indicate differences (p <0.05) between cluster-group pairwise comparisons. *significantly different than All-Average; Psignificantly different than

Low-Visuospatial; ®significantly different than Low-Executive; significantly different than Low-Memory/Language; ®significantly different than Low-All Domains.
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Fig. 2. Kaplan Meier curves for time to (A) progression to consensus MCI/dementia diagnosis and (B) progression to a Dementia Rating

Scale score <129 since baseline visit.

and Low-Memory/Language groups did not differ
from the Low-Visuospatial group, and the Low-
Memory/Language group was more likely to progress
relative to the Low-Executive group (HR 2.15, 95%
CI[1.03,4.48], p=0.043).

Across the sample, 73 participants progressed
to a DRS score of <129 over an average of
5.54 years (SD=4.47). The pattern was similar to
progression to MCI or dementia, with the Low-
Memory/Language (HR 3.70, 95% CI [1.80, 7.56],
p<0.001) and Low-All Domains (HR 5.79, 95% CI
[2.74, 12.27], p<0.001) groups at greater risk of
progression to a DRS <129 than the All-Average
group, along with the Low-Executive group (HR
2.82, 95% CI [1.26, 6.29], p=0.012). The Low-
Visuospatial group was also twice as likely to
progress to DRS <129 compared to the All-Average
group, but did not statistically differ (HR 2.02, 95%
CI[0.80,5.06], p=0.135). Examining all group com-
parisons, relative to the All-Low Domains group,
the Low-Visuospatial (HR 0.35, 95% CI [0.15,
0.82], p=0.016) was less likely to progress to a
DRS <129. The Low-Executive (HR 0.49, 95% CI
[0.23, 1.02], p=0.057) and Low-Memory/Language
(HR 0.64, 95% CI [0.34, 1.21], p=0.166) groups
were also less likely to progress relative to the
All-Low Domains group but did not statistically
differ. The Low-Visuospatial, Low-Executive, and
Low-Memory/Language groups did not differ from
each other on risk of progression to a DRS
<129. Figure 2 shows the Kaplan Meier curves for
rates of progression to MCI/dementia diagnosis and
DRS <129.

DISCUSSION

In this study we identified five cluster-derived
groups within participants classified as cognitively
unimpaired (i.e., without a consensus diagnosis
of MCI/dementia). While several of the cluster
groups were consistent with those observed in
other studies (All-Average, Low-Executive, Low-
Memory/Language) [14], Low-Visuospatial and
Low-All Domains groups also emerged. The All-
Average group was the largest cluster group, as
expected for a CU sample, followed by the Low-
Memory/Language group, a profile consistent with
an early “typical” AD presentation. Across the
groups, the Low-All Domains group progressed
to MCI/dementia the fastest, and the All-Average
group progressed the slowest; the Low-Visuospatial,
Low-Executive, and Low-Memory/Language groups
progressed at intermediate and similar rates, though
the adjusted HRs for the Low-Memory/Language
group was higher than both the Low-Visuospatial
group and Low-Executive groups and statistically
differed from the Low-Executive group for the pro-
gression to MCI/dementia outcome. These rates
of progression reflect the possibility that there are
multiple pathways or initial cognitive symptoms
that ultimately lead to greater risk of a diagno-
sis of MCI/dementia. The pattern of results was
similar when a DRS <129 threshold was used to
assess progression to cognitive impairment, possi-
bly because total DRS score was considered when
making the consensus diagnosis. However, on this
outcome, the Low-Visuospatial, Low-Executive, and
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Low-Memory/Language groups did not statistically
differ. This suggests that the DRS may be more sensi-
tive to capturing nonamnestic profiles relative to the
consensus diagnosis.

Unlike previous studies that sought to derive
cognitive subtypes in CU-only participants, our
study included visuospatial measures and our results
demonstrate the potential value of including these
measures in a cognitive test battery when trying to
determine whether someone is at increased risk for
cognitive decline or progression to MCI/dementia.
The Low-Visuospatial group we identified may be
consistent with findings from recent work exam-
ining the heterogeneity of tau distribution in AD,
which identified a group of individuals with a
slow-progressing, posterior pattern of tau deposition,
likely with predominant visuospatial impairment
[20]. Although they had a greater proportion of
female and Hispanic/Latino/a/x/e participants than
the other groups, importantly, the Low-Visuospatial
group was not substantially younger than the Low-
Memory/Language group (or any other group),
suggesting that it is likely not solely capturing indi-
viduals with posterior cortical atrophy which tends
to have a younger onset than typical AD [21]. Sim-
ilarly, the Low-Executive group did not differ from
other groups in regard to age and did not progress
as quickly as may occur in dysexecutive AD or fron-
totemporal dementia [22, 23]. However, even within
these clusters, there is likely significant heterogeneity
of pathologies and future work will need to repli-
cate these clusters and explore underlying AD and
non-AD biomarker profiles.

Despite being considered cognitively unimpaired,
a cluster group with relatively widespread cognitive
weaknesses emerged. This Low-All Domains group
performed well on the MMSE and DRS and did
not evince particularly high proportions of subjective
memory complaints or everyday functioning difficul-
ties (despite greater rates of vascular disease) and
this may have contributed to their being classified
as CU instead of MCI or dementia by consen-
sus at their initial visit. Additionally, the regression
weights used for the z-scores were derived from a
robustly normal group, which may have resulted in
these z-scores being especially sensitive to subtle
weaknesses compared to a standard score based on
published norms that generally have a less strict cri-
teria for inclusion into the normative sample. The
Low-Memory/Language group had the highest pro-
portion of individuals with a subjective memory
complaint, consistent with findings that self-reported

memory concerns may emerge in the preclinical
phase of AD [24] and be associated with cognitive
decline, particularly in an ADRC sample [25]. The
Low-Executive group had the worst everyday func-
tioning, though their mean scores on the FAQ and
CDR-SB still reflect minimal functional difficulty.
This slightly worse functioning, however, is con-
sistent with studies showing that executive function
is more strongly associated with real-world instru-
mental activities of daily living than other cognitive
domains [26].

Our study has several strengths including the
use of a comprehensive neuropsychological test
battery, thorough consensus diagnostic/classification
procedures, and the opportunity to examine up to
20 years of longitudinal data on some individu-
als. One consistent challenge in determining the
earliest cognitive changes associated with future
declines is the potential for circularity of the pre-
dictor (e.g., lower cognitive scores) and the outcome
(e.g., MCI/dementia). In the current study, we aimed
to work around aspects of this circularity by includ-
ing two outcome variables (consensus MCI/dementia
and DRS score) and, importantly, examining the lon-
gitudinal rates of progression. Few previous studies
have sought to identify and understand very early
subtle cognitive decline profiles specifically within
CU participants, despite the field’s growing focus
on earlier, preclinical stages of AD [27]. We chose
to examine only CU participants and this may have
allowed more empirically-derived groups to emerge
compared to studies that have combined CU and
MCI participants and found only one or two CU
phenotypes [3, 6, 28]. This is only an initial study,
and more work is needed to replicate these find-
ings in larger, more diverse, and community-based
cohorts. Additionally, future projects should exam-
ine biomarker and neuropathological data to better
understand the underlying etiologies of decline across
the cognitive phenotypes. While an ‘amnestic’ pre-
sentation has historically been thought to be linked
with AD pathology and other non-amnestic presen-
tations thought to represent non-AD phenotypes [10],
the current results suggest there are many cognitive
phenotypes that predict progression, likely regard-
less of the underlying (and likely multiple) pathologic
underpinnings.

Our results add to a growing literature docu-
menting heterogeneity in the earliest cognitive and
pathological presentations associated with AD and
related disorders [29, 30]. Despite unique cognitive
profiles, participants with subtle memory/language,
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executive, and visuospatial weaknesses all declined at
faster rates than the All-Average group. These results
have important implications for early identification
of individuals at risk for MCI/dementia. Given that
the same classification approach may not be optimal
for everyone, determining profiles of subtle cognitive
difficulties in CU individuals and implementing neu-
ropsychological test batteries that assess each domain
may be a key step towards an individualized approach
to early detection with the goal of decreasing missed
opportunities for early intervention.
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