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Abstract Introduction: Amyloid-related decline in semantic memory was recently shown to be observable in
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the preclinical period of Alzheimer’s disease. Cognitive composites designed to be sensitive to cogni-
tive change in preclinical Alzheimer’s disease (e.g., preclinical Alzheimer’s cognitive composite
[PACC]) and currently used in secondary prevention trials do not currently integrate measures of se-
mantic processing. Our objective was to determine whether a standard semantic measure (i.e., cate-
gory fluency [CAT] to animals, fruits, and vegetables) adds independent information above and
beyond Ab-related decline captured by the PACC.
Methods: Clinically normal older adults from the Harvard Aging Brain Study were identified at
baseline as Ab1 (n5 70) or Ab2 (n5 209) using Pittsburgh compound B–positron emission tomog-
raphy imaging and followed annually with neuropsychological testing for 3.87 6 1.09 years. The
relationships between PACC, CAT, and variations of the PACC including/excluding CATwere exam-
ined using linear mixed models controlling for age, sex, and education. We additionally examined
decline on CAT by further grouping Ab1 participants into preclinical stage 1 and stage 2 on the basis
of neurodegeneration markers.
Results: CAT explained unique variance in amyloid-related decline, with Ab1’s continuing to
decline relative to Ab2’s in CAT even after controlling for overall PACC decline. In addition,
removal of CAT from the PACC resulted in a longitudinal Ab1/2 effect size reduction of 20% at
3-year follow-up and 12% at 5-year follow-up. Finally, both stage 1 and stage 2 participants declined
on CAT in comparison with stage 0, suggesting CAT declines early within the preclinical trajectory.
Conclusion: Addition of CAT to the PACC provides unique information about early cognitive
decline not currently captured by the episodic memory, executive function, and global cognition com-
ponents and may therefore improve detection of early Ab-related cognitive decline.
� 2017 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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1. Introduction

Alzheimer’s disease (AD) has an extended preclinical
phase whereby changes in the brain, including accumulation
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of amyloid b (Ab) plaques and neurofibrillary tau tangles,
are occurring many years before the clinical diagnosis of
AD dementia [1,2]. Current clinical trials are targeting this
preclinical period [3,4] by recruiting individuals with
elevated amyloid with the hope of applying disease-
modifying therapies at a point before widespread patholog-
ical brain changes. Development of cognitive composites
that can track the earliest cognitive changes associated
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with underlying AD pathology is vital for assessing the
efficacy of these treatments [4–6].

Current cognitive composites focus on measures of
episodic memory, executive function, and global cognition
[7,8]. For example, the preclinical Alzheimer’s cognitive
composite (PACC) was developed [7] using data from three
observational cohort studies (AIBL, ADNI, and ADCS Pre-
vention Instrument Study) and includes (1) the Mini–Mental
State Examination (MMSE) [9], (2) Logical Memory De-
layed Story Recall [10], (3) the Digit-Symbol Substitution
Test [11], and (4) recall from the Free and Cued Selective
Reminding Test (FCSRT) [12]. The PACC was recently
shown to capture decline in Ab1 versus Ab2 clinically
normal older adults within an independent study sample,
The Harvard Aging Brain Study [13].

Semantic memory decline, despite serving as a prototyp-
ical cognitive feature associated with plaque and tangle pa-
thology [14], has not yet been included in these composites.
This may be in part because semantic memory remains
understudied and underutilized compared with episodic
memory and is not considered an early cognitive change in
the AD trajectory [15]. Interestingly, a measure of semantic
memory was the first indicator of cognitive decline 12 years
before diagnosis of AD dementia in the large PAQUID
cohort [16]. Furthermore, two measures of semantic mem-
ory (i.e., category fluency [CAT] and the Boston Naming
Test) were recently shown to be among a total of seven
test outcomes identified as the most statistically sensitive
measures of progression from normal cognition to a clinical
stage of AD [17]. In addition, we recently identified decline
in semantic fluency among Ab1 clinically normal individ-
uals, even after controlling for phonemic fluency [18].
Thus, recent evidence across multiple research groups has
converged to suggest that semantic memory decline is occur-
ring earlier in the AD trajectory than previously suspected
[16,18–20].

Given this background, our goal was to determine
whether inclusion of a standard semantic memory measure
added unique amyloid-related cognitive signal not captured
by the PACC.We hypothesized that semantic memory would
provide relevant information above and beyond the current
PACC if the following criteria were met: (1) CAT would
explain some portion of amyloid-related decline even
when controlling for PACC decline; (2) inclusion of CAT
in the PACC would increase the difference in longitudinal
decline across Ab groups; and (3) CAT showed evidence
of early changes within individuals classified as preclinical
stage 1 (positive for amyloidosis but negative for neurode-
generation [ND]) [21].
2. Methods

2.1. Sample characteristics

Harvard Aging Brain Study participants (n 5 279)
were recruited from the community. They were deemed
clinically normal at baseline by (1) a global Clinical De-
mentia Rating score of 0; (2) performance above
education-adjusted cutoffs on Logical Memory Story A
Delayed Recall [1]; and (3) normal performance on the
MMSE [22,23]. The sample is 82% Caucasian, 15%
African-American, 2% Asian-American, and 1% other.
Review of medical history and physical and neurological
examinations were completed to rule out major neurologic
disorder. The study was conducted at Massachusetts Gen-
eral Hospital using protocols and informed consent pro-
cedures approved by the Partners Human Research
Committee.
2.2. Magnetic resonance imaging data acquisition and
analysis

Magnetic resonance imaging was completed at the
MGH Martinos Center on the Siemens TIM Trio 3T sys-
tem with a 12-channel head coil. Structural T1-weighted
volumetric magnetization-prepared, rapid acquisition
gradient echo scans (repetition time/echo time/inversion
time 5 6400/2.8/900 ms, flip angle 5 8�, 1 ! 1 !
1.2 mm resolution) were used to extract hippocampus vol-
ume with FreeSurfer v5.1 [24]. Total bilateral hippocampus
volume was adjusted for estimated total intracranial vol-
ume [25].
2.3. PET data acquisition and analysis

Positron emission tomography (PET) scanning was used
to measure fibrillar amyloid binding using Pittsburgh com-
pound B (PIB) [26,27] and glucose metabolism using
fludeoxyglucose-18F (FDG). Scans were completed at the
MGH PET facility using the Siemens ECAT EXACT
HR1 PET scanner (three-dimensional mode; 63 image
planes; 15.2 cm axial field of view; 5.6 mm transaxial
resolution; and 2.4 mm slice interval).

Ten-minute transmission scans for attenuation correc-
tion were collected before emission data. For PIB, 8.5–
15 mCi was injected, and 60 minutes of dynamic data
were acquired in 69 frames (12! 15 seconds, 57! 60 sec-
onds). For FDG, 5.0–10.0 mCi was injected, and images
were acquired across 6 ! 5-minute frames 45 minutes af-
ter injection.

PET preprocessing was performed using SPM8. PIB im-
ages were realigned, and the first 8 minutes were averaged
and used for normalization to the Montreal Neurological
Institute FDG template. Distribution volume ratio images
were created with Logan plotting (40-60 minutes, gray mat-
ter cerebellar reference). PIB signal from a global cortical
aggregate was extracted for each participant [25]. FDG-
PET data were realigned, summed, and normalized to the
Montreal Neurological Institute FDG template. FDG was
extracted from a meta-region of interest reflecting AD-
vulnerable cortical regions and normalized using a pons/ver-
mis reference region [28].
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2.4. Classification into Ab1/2 groups and preclinical
stages using Ab and ND status

A gaussian mixture modeling approach was used to clas-
sify participants as Ab1 or Ab2 (cutoff value 5 1.20)
[29]. As previously described in detail [25], we used the
presence of either hippocampal atrophy or FDG hypome-
tabolism in the meta-region of interest to define the pres-
ence/absence of ND. Based on combined Ab and ND
status, participants were classified as stage 0 (Ab2/
ND2), stage 1 (Ab1/ND2), and stage 2 (Ab1/ND1)
[30]. This subset consisted of fewer participants
(n 5 178) because only those with data from all three im-
aging modalities were selected. In addition, we did not
include an Ab2/ND1 group in this analysis given our
goal to examine amyloid-related cognitive decline.

2.5. Neuropsychological tasks

Participants completed annual neuropsychological
testing including the PACC and CAT [31] for a minimum
of 1 year after baseline and for a maximum of 5 years of
follow-up. The PACC z-score [7,13] is calculated as mean
performance across four measures including the MMSE
(0–30) [9], the WMS-R Logical Memory Delayed Recall
(LMDR; 0–25) [10], the Digit-Symbol Coding Test
(DSC; 0–93) [11], and the Free and Cued Selective Re-
minding Test–Free 1 Total Recall (FCSRT96; 0–96)
[12]. The PACC was originally designed to be computed
as a sum across z-scores [7]; however, we averaged the
z-scores to facilitate comparisons between different
PACC versions in line with previous methods employed
[13]. Alternate forms were administered for the FCSRT
(A-B-C-A-B-C), whereas same forms were administered
for all other measures. For the purpose of our analyses,
the PACC5 was computed by including CAT as a fifth
variable in the PACC. CAT included three 1-minute trials
for generation of items belonging in the categories of an-
imals, fruits, and vegetables. The number of correct
words produced during each trial was summed resulting
in the CAT score. Comparable results were obtained
when averaging standardized scores of each category
separately.

2.6. Statistical analyses

Statistical analyses were completed using R v3.3.
Cognitive variables (MMSE, LMDR, DSC, FCSRT96,
and CAT) were z-transformed using the baseline sample’s
mean and standard deviation. The PACC was computed
by taking the mean of the z-scores across the four tests
as previously described [13]. Linear mixed models
(LMM) were used to assess the association between base-
line Ab status and change in cognition. In the first model,
CAT was the dependent variable. Effects of baseline Ab,
age, sex and education, as well as their interactions with
time were modeled as covariates. The PACC was added
as a time-varying covariate to determine whether Ab
was associated with CAT over time after controlling for
PACC performance over time. In addition, we included
a term for the interaction between time-varying PACC
and Ab group, to establish whether Ab group remains
significantly associated with change in CAT. The model
included a random intercept and slope for each partici-
pant.

We computed the PACC5 and examined the effect sizes
reflecting the Ab group difference in longitudinal cognitive
trajectories by dividing the “LMM b” by its associated
error term for the Ab ! time term. We then serially sub-
tracted one component of the PACC5 individually to deter-
mine which cognitive measure resulted in a minimization
of the Ab group difference. We computed the percent
decrease in effect size from the PACC5 for each iteration
of the four-component PACC to assess the contribution of
CAT in comparison with other PACC components. We
also examined each category from CAT separately and
average performance for two categories combined (e.g.,
animals 1 vegetables).

Analyses were completed using (1) the entire follow-up
period (using all available data), referred to as the 5-year
follow-up period and (2) the short (3-year) follow-up
(excluding all follow-up data after 3 years of follow-up).
Both samples contained the same 279 participants; however,
mean follow-up for the short period was 2.87 years with a
minimum of 1 year and maximum of 3 year follow-up.
The 5-year follow-up group had a mean follow-up of
3.87 years with a range of 1 to 5 years.

Finally, we examined longitudinal cognitive changes on
the individual components of the PACC by preclinical
stages (0, 1, and 2) using LMMs [25] to determine whether
CAT, in addition to individual PACC components, was
changing in only those who were Ab1/ND1 or whether
decline was observable in Ab1/ND2. Decline in stage 1
and stage 2 may represent a cognitive test sensitive earlier
within the preclinical period compared with a test not ex-
hibiting signal until both amyloidosis and ND are present
(i.e., stage 2). We examined all pairwise contrasts (stage
0 vs. stage 1; stage 0 vs. stage 2; and stage 1 vs. stage 2)
and quantified the relative magnitude of decline between
groups using an effect size (b estimate/standard error) for
each contrast.
3. Results

There were no differences in performance between
Ab1/2 groups on CAT or any individual PACC compo-
nents at study outset (Table 1). Ab1 participants were
older compared with Ab2 participants. At baseline, par-
ticipants produced more animal names in comparison
with vegetable or fruit names (Table 1). The “n” for
Ab1’s contributing to each year of follow-up after
baseline was 70/69/69/48/28, and for the Ab2’s, it was
209/197/193/129/75.



Table 1

Descriptive characteristics of Harvard Aging Brain Study cohort, by

baseline Ab1/2 status

All Ab1 Ab2

N (%) 279 70 (25%) 209 (74.9%)

Age (years)* 73.42 6 6.01 74.99 6 5.74 72.88 6 6.02

APOE ε41 (%)* 29 61 18

Female (%) 59 61 59

Education 15.85 6 3.04 16.25 6 2.94 15.71 6 3.08

MMSE 29.00 6 1.10 28.83 6 1.06 29.06 6 1.11

LMDR 13.73 6 3.27 14.01 6 3.14 13.62 6 3.32

DSC 47.23 6 10.69 46.93 6 10.03 47.34 6 10.93

FCSRT96 80.91 6 5.87 80.73 6 5.95 80.96 6 5.86

CAT 44.42 6 9.99 44.93 6 9.97 44.24 6 10.02

Animals 17.85 6 5.07 18.19 6 4.50 17.73 6 5.25

Vegetables 13.37 6 3.53 13.60 6 3.42 13.29 6 3.57

Fruits 13.21 6 3.50 13.67 6 3.64 13.05 6 3.44

Abbreviations: CAT, category fluency; DSC, Digit-Symbol Coding Test;

FCSRT96, Free and Cued Selective Reminding Test; MMSE, Mini–Mental

State Examination; LMDR, Logical Memory Delayed Recall.

NOTE. c2 tests were used to compare sex distributions, and t-tests were

used to compare continuous variables. Mean and standard deviations are re-

ported unless otherwise stated.

*Variables with significant differences between Ab groups (P , .05).
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3.1. Correlations among cognitive variables at baseline
and longitudinally

At baseline, CAT shared 22% of the variance in MMSE,
17% of the variance in LMDR, 37% of the variance in
DSC, and 23% of the variance in FCSRT96 (Fig. 1).
Longitudinally, the relationship between change in CAT
Fig. 1. Correlation matrix of individual tests from the PACC, category fluency. C

correlations among slopes are represented in the right panel. Abbreviations: CAT,

Memory Delayed Recall; DSC, Digit-Symbol Coding Test, FCSRT96, Free and C
and change in each PACC component was smaller overall,
accounting for 7% of the variance in MMSE, 8% of the
variance in LMDR, 8% of the variance in DSC, and 17%
of the variance in FCSRT96. The relatively low correla-
tion between CAT and other PACC components,
especially when examined longitudinally, suggests that
this metric may provide complementary information
regarding Ab-related decline among clinically normal
participants (Fig. 1).
3.2. Longitudinal decline in CAT in relation to Ab status
and PACC

Ab1’s exhibited greater decline over time compared with
Ab2’s on CAT (t(1082) 524.79, P, .001), and this asso-
ciation remained significant after adding PACC as a covari-
ate (Table 2). Furthermore, the time by Ab group term
remained significant despite inclusion of a term for the
interaction between time-varying PACC and Ab group high-
lighting that even after controlling for PACC decline specif-
ically within the Ab1 group, there was a significant effect of
Ab group on CAT. Likewise, Ab1’s exhibited greater
decline over time compared with Ab2’s on the PACC
(t(1082)524.21, P, .001) as has been previously reported
[13], and this association remained significant after control-
ling for CAT. While Ab1’s declined on all individual cate-
gories (i.e., animals, vegetables, and fruit), the amyloid
effect size was between 26% and 40% larger when
combining all three trials into CAT (Fig. 3) when using
5 years of follow-up. During the shorter follow-up of 3 years,
ross-sectional relationships (Pearson’s r) are represented in left panel, and

category fluency, MMSE, Mini–Mental State Examination, LMDR, Logical

ued Selective Reminding Test–Free 1 Total.



Fig. 2. Annualized effect sizes reflecting Ab1/2 group difference for variations of the preclinical Alzheimer’s cognitive composite (PACC) after 3-year

(top) and 5-year (bottom) follow-up. All models are statistically significant (P , .01). In red is the percentage decrease in effect size comparing a four-

component PACC to the PACC5 where applicable. PACC5 includes CAT, LMDR, DSC, MMSE, and FCSRT96. Abbreviations: CAT, category fluency;

DSC, Digit-Symbol Coding Test; FCSRT96, Free and Cued Selective Reminding Test; LMDR, Logical Memory Delayed Recall; MMSE, Mini–Mental

State Examination.
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the comparison between individual categories was more
complex. Specifically, fruit independently exhibited an
effect size comparable to combining across all three
categories, whereas vegetable alone was not statistically
significant (Fig. 3).

3.3. Comparing different versions of the PACC

Estimated effects (z-score change per year) across mul-
tiple variations of the PACC were consistent across
models assessing longer (5-year) and shorter (3-year)
follow-up (Fig. 2, Supplementary Table 1) and ranged be-
tween 20.06 to 20.12 (Fig. 2). Removal of CAT from the
PACC results in a 20% reduction in effect size at year 3
and a 12% reduction at year 5. The only other outcome
associated with a reduction in effect size was FCSRT,
where its removal resulted in a 30% reduction in effect
at 3 years and a 21% reduction at 5 years. An LMM assess-
ing Ab-related decline in FCSRT96 controlling for CAT,
as well as an LMM assessing Ab-related decline in
CAT controlling for FCSRT96, confirmed independent
Ab-related signal in both FCSRT96 and CAT
(Supplementary Table 2).

3.4. Category fluency decline by preclinical stage

Demographic characteristics for the sample by preclini-
cal stage are available in Supplementary Table 3. Stage 2



Table 2

LinearMixedModel Assessing the Interaction Between Ab Status and Time

on the PACC and CAT

Model 1: CAT, covary PACC

b SE t P

Intercept 0.06 0.07 0.83 .408

Time 20.07 0.20 24.76 ,.001

Ab1 0.11 0.11 0.97 .332

Age 20.03 0.01 23.44 ,.001

Education 0.10 0.02 6.38 ,.001

Sex (male) 20.32 0.10 23.36 ,.001

PACC 0.28 0.04 6.56 ,.001

Ab1 ! PACC 0.03 0.07 0.42 .672

Ab1 ! time 20.09 0.02 23.74 ,.001

Age ! time 20.00 0.00 21.54 .123

Education ! time 0.00 0.00 20.25 .805

Sex ! time 0.02 0.02 1.01 .322

Abbreviations: CAT, category fluency; PACC, preclinical Alzheimer’s

cognitive composite; SE, standard error.

NOTE. Age is centered at 75 years, and education is centered at 16 years.
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participants declined on all individual components of the
PACC, including CAT in comparison with stage 0 partici-
pants (Supplementary Table 4, Fig. 4). Interestingly, the
only difference in longitudinal performance between stage
0 and stage 1 was observed in CAT. There was a nonsignif-
icant trend for decline in stage 0 versus stage 1 for FCSRT96
performance (P 5 .178); however, stage 1 participants per-
formed similarly to stage 0 participants for MMSE,
LMDR, and DSC.
4. Discussion

Our results suggest that a standard semantic memory
measure (i.e., CAT to animals, fruits, and vegetables)
adds independent information about amyloid-related
cognitive decline not currently captured in the PACC.
More specifically, we showed that CAT continued to
explain some portion of amyloid-related cognitive decline
even when controlling for overall PACC performance. Sec-
ond, we showed that removal of CAT from the PACC re-
sulted in a 20% reduction in amyloid-related decline at
3 years of follow-up and a 12% reduction at 5 years of
follow-up. Finally, we showed that CAT is a measure that
declines early within the preclinical trajectory, showing
decline even among the stage 1 group.

These results add to a growing body of work indicating
that semantic memory decline is observable in the preclini-
cal stages of AD [18,32,33]. These findings also provide new
information about the natural history of Ab-related semantic
fluency decline. More specifically, the greater effect size
drop at 3- versus 5-year follow-up when removing CAT
from the PACC suggests that CAT declines are observable
early within the preclinical period [13]. Furthermore, our
finding that CATwas the only PACC component that differ-
entiated stage 0 versus stage 1 suggests that CAT may be
particularly useful in secondary prevention trials targeting
individuals at the beginning stages of the preclinical AD tra-
jectory (i.e., stage 1 vs. stage 2/3). However, in addition to
this early signal, CAT continues to add information
regarding Ab-related cognitive decline over the longer 5-
year follow-up period.

Both CAT and the FCSRT were the greatest contributors
to the PACC regardless of follow-up time. While the FCSRT
falls under the umbrella of episodic or associative memory
tests, a semantic element is involved. Specifically, the
FCSRT is distinct from most list-learning paradigms in
that this test includes a semantic cueing component to facil-
itate learning and recall. As such, the FCSRT may be more
reliant on the integrity of semantic networks versus tradi-
tional episodic memory measures such as story learning
and recall (i.e., Logical Memory). In line with this, the
FCSRT showed similar correlation strengths with CAT
(baseline r 5 0.48 and longitudinal r 5 0.41) as it did with
LMDR (baseline r 5 0.43 and longitudinal r 5 0.53), high-
lighting that the FCSRT incorporates both semantic process-
ing and memory domains. Importantly, despite similarities
across the FCSRT and CAT, each measure was indepen-
dently related to amyloidosis, highlighting the relevant
signal encapsulated in each test.

Our finding of sequentially larger effect sizes when
examining three categories versus individual or two cate-
gories indicates that inclusion of more than one category
is preferable for maximizing Ab1/2 group differentia-
tion over time. The greater variability in effect sizes be-
tween different categories at 3- versus 5-year follow-up
implies that use of individual categories (e.g., vegetables
rather than animals) may have important implications for
(1) whether an Ab effect is observed and (2) the magni-
tude of the Ab effect, particularly in shorter studies with
unimpaired individuals. More specifically, vegetable
fluency was nonsignificant (b/SE 5 21.03, P 5 .310),
whereas fruit fluency (b/SE 5 23.33, P 5 .001) ex-
hibited a longitudinal Ab effect comparable to that
observed in the three-component CAT (b/SE 5 23.30,
P 5 .001). Differential Ab effects combined with global
differences in performance by category (e.g., participants
reliably produce more animals compared with vegetables)
suggest they may be measuring different aspects of se-
mantic memory. For example, in a study of primarily
MCI participants, vegetable fluency performance corre-
sponded to atrophy in a more diffuse set of cortical re-
gions compared with animal fluency concluding that
different categories may be dependent on the cortical
integrity of different regions [34]. If only two categories
can be used, animals and fruits outperform animals and
vegetables.

While we chose CAT as our metric of global semantic
decline, there are varying semantic measures, which may
also exhibit sensitivity at a preclinical stage, such as mea-
sures of confrontation naming. However, on measures such
as the Boston Naming Test, performance is often strongly



Fig. 3. Annualized effect sizes (b/SE) reflecting Ab1/2 group difference for variations of CAT. Only Ab1 ! time effects are shown. Models

included maximal follow-up time (bottom) and 3-year follow-up (top). All models with 5-year follow-up are significant (P , .01). With 3-year

follow-up, the Ab ! time interaction for vegetables is no longer significant (P 5 .310) and for animals 1 vegetables is significant at P , .05.

In red is the percentage decrease in effect when comparing individual or combined categories to three categories (top bar). Abbreviations: CAT, cate-

gory fluency; SE, standard error.
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linked with educational level, ceiling effects are present in
normal older adults, and cultural specificity limits the pro-
duction of valid alternate forms in global trials [35]. The
lack of ceiling effects and normal distribution of scores
produced by CAT are test properties, which facilitate its
incorporation into a composite score.

A caveat to consider in applying our findings to clin-
ical trial design is the differences in statistical models em-
ployed. While our analyses centered on LMMs, future
work may be necessary to examine PACC iterations
with statistical models used in clinical trials such as
mixed effect model of repeat measurement. In addition,
our sample is American, English-speaking, and 82%
Caucasian, and future work is required to determine the
generalizability of the PACC5 to more ethnically, educa-
tionally, and culturally diverse communities. Another po-
tential limitation of the current work is the diminishing
returns of further optimizing a well-functioning compos-
ite. Multiple reports have shown efficacy of the PACC
to detection of amyloid-related cognitive decline. These
findings persist despite variations on the cohorts employed
[13], measures used [8], and test weightings adjusted [36].
These converging findings suggest that the use of a cogni-
tive composite that incorporates multiple domains is
effective in detecting amyloid-related cognitive decline
within the preclinical period. However, our finding that
semantic memory provides unique information about
amyloid-related cognitive decline not currently captured
in measures of memory, executive functions, and global
cognition suggests that future prevention trial designs
should consider including category generation in their
cognitive composites.



Fig. 4. Modeled slopes for cognitive decline on individual components of the PACC-5 by biomarker-defined preclinical stage 0 (Ab-/ND-), 1(Ab1/ND-), and 2

(Ab1/ND1). Abbreviations: CAT, category fluency; DSC, Digit-Symbol Coding Test, FCSRT96, Free and Cued Selective Reminding Test; LMDR, Logical

Memory Delayed Recall; MMSE, Mini–Mental State Examination.
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RESEARCH IN CONTEXT

1. Systematic review: Review of the literature reveals
that semantic memory is not included in multido-
main composites designed to detect cognitive decline
in the preclinical stages of Alzheimer’s disease.

2. Interpretation: The addition of category fluency to
the preclinical Alzheimer’s cognitive composite pro-
vides unique information about early cognitive
decline not currently captured by the episodic mem-
ory, executive function, and global cognition compo-
nents and may therefore improve detection of early
Ab-related decline. Future prevention trial designs
should consider including category generation in
their cognitive composites.

3. Future directions: As more longitudinal cognitive
data of normal older adults with biomarker abnor-
malities become available, a better understanding
of the nature of cognitive decline in preclinical Alz-
heimer’s disease will emerge. This will allow us to
optimize outcomes in clinical trials targeting this
preclinical population.
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