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Alzheimer disease

ABSTRACT

Objective: To investigate the associations of cerebral amyloidosis with concurrent cognitive per-
formance and with longitudinal cognitive decline in asymptomatic and symptomatic stages of
autosomal dominant Alzheimer disease (ADAD).

Methods: Two hundred sixty-three participants enrolled in the Dominantly Inherited Alzheimer Network
observational study underwent neuropsychological evaluation as well as PET scans with Pittsburgh
compound B. One hundred twenty-one participants completed at least 1 follow-up neuropsychological
evaluation. Four composite cognitive measures representing global cognition, episodic memory, lan-
guage, and working memory were generated using z scores from a battery of 13 standard neuropsy-
chological tests. General linear mixed-effects models were used to investigate the relationship between
baseline cerebral amyloidosis and baseline cognitive performance and whether baseline cerebral amy-
loidosis predicts cognitive change over time (mean follow-up2.32 years6 0.92, range0.89–4.19) after
controlling for estimated years from expected symptom onset, APOE e4 allelic status, and education.

Results: In asymptomatic mutation carriers, amyloid burden was not associated with baseline cog-
nitive functioning but was significantly predictive of longitudinal decline in episodic memory. In
symptomatic mutation carriers, cerebral amyloidosis was correlated with worse baseline perfor-
mance in multiple cognitive composites and predicted greater decline over time in global cogni-
tion, working memory, and Mini-Mental State Examination.

Conclusions: Cerebral amyloidosis predicts longitudinal episodic memory decline in presymptom-
atic ADAD and multidomain cognitive decline in symptomatic ADAD. These findings imply that
amyloidosis in the brain is an indicator of early cognitive decline and provides a useful outcome
measure for early assessment and prevention treatment trials. Neurology® 2015;85:790–798

GLOSSARY
Ab5 b-amyloid;AD5 Alzheimer disease; ADAD5 autosomal dominant AD; as-MC5 asymptomatic mutation carrier; CDR5
Clinical Dementia Rating; CDR-SB 5 Clinical Dementia Rating sum of boxes; DIAN 5 Dominantly Inherited Alzheimer Net-
work; EM 5 Episodic Memory composite; EYO 5 estimated years from expected symptom onset; GC 5 Global Cognitive
composite; LF 5 Language Function composite; MCI 5 mild cognitive impairment; MMSE 5 Mini-Mental State Examination;
NC 5 asymptomatic mutation noncarrier; PiB 5 Pittsburgh compound B; ROI 5 region of interest; s-MC 5 symptomatic
mutation carrier; SUVR 5 standardized uptake value ratio; WM 5 Working Memory composite.

b-Amyloid (Ab) is thought to be an initiating factor in the pathophysiologic process of Alz-
heimer disease (AD).1,2 However, the relationship between cognition, brain Ab burden, and the
future development of dementia is still unclear.
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Postmortem neuropathologic examination
has found inconsistent relationships between
cognition and Ab deposition.3–6 Studies using
amyloid PET in cognitively normal elderly in-
dividuals and individuals with mild cognitive
impairment (MCI) and AD dementia have
found significant relationships between cogni-
tive deficits and increased brain fibrillar amyloid
using both cross-sectional7–12 and longitudinal
data13–23; however, other studies have not
shown amyloid and cognitive correlations.24–26

In autosomal dominant AD (ADAD), brain
amyloid deposition is known to occur 15 years
or more before the onset of clinical symp-
toms,27,28 and estimated years from expected
symptom onset (EYO) calculated from family
history data can provide an objective biomarker-
independent estimate of an individual’s relative
point in the disease process. The predictable age
of symptom onset and low rate of comorbidities
in the younger ADAD individuals make them
an ideal population in which to directly assess
the amyloid–cognition relationship across the
course of disease, although such relationships
may differ from those in sporadic AD.

Using data from 263 participants in the
Dominantly Inherited Alzheimer Network
(DIAN) observational study, we performed
cross-sectional and longitudinal analyses to
investigate the associations of brain amyloid
deposition with concurrent cognitive perfor-
mance and with longitudinal cognitive decline.

METHODS Participants. Participants were enrolled in the

DIAN observational study, an international study of families with

ADAD-associated mutations in APP, PSEN1, or PSEN2.29

Based on mutation status and Clinical Dementia Rating

(CDR) score,30 participants were classified as asymptomatic

mutation noncarriers (NCs, CDR 5 0), asymptomatic mutation

carriers (as-MCs, CDR5 0), and symptomatic mutation carriers

(s-MCs, CDR . 0). A small number of mutation noncarriers

with CDR .0 in the cross-sectional data set (n 5 7) and longi-

tudinal dataset (n 5 2) were excluded from analyses due to the

potential presence of non-AD pathology. Cross-sectional data

(table 1), including baseline neuropsychological tests and PET

scans with Pittsburgh compound B (PiB), were obtained from

263 participants (101 NCs, 99 as-MCs, and 63 s-MCs) from 98

families carrying an ADADmutation in PSEN1 (80.6%), PSEN2
(3.1%), or APP (16.3%). Longitudinal data (table 1) were ob-

tained from a subset of 121 participants (39 NCs, 40 as-MCs,

and 42 s-MCs) who completed at least 1 cognitive assessment at

follow-up. The average follow-up time was 2.32 6 0.92 years

(range 0.89–4.19) and the average number of visits was 2.51 6

0.76 (range 2–5). Baseline demographics between groups were

compared using approximate t tests from the mixed models.

Degrees of freedom were approximated by Satterthwaite method.

Standard protocol approvals, registrations, and patient
consents. The study was approved by the local institutional

review boards of each site. Participants provided written informed

consent or assent with a proxy.

Clinical evaluation. Per standard DIAN study protocols, each

participant and a collateral source underwent semi-structured

interviews collecting detailed demographics, medical history, and

family history. Values for EYO were calculated as the difference

between the participant’s current age and the age at onset of his

or her affected parent or first-degree relative, as previously

described.28 Cognitive status was clinically assessed by global CDR

score, with CDR 0 indicating normal cognitive function, CDR 0.5

both MCI and very mild dementia, CDR 1 mild dementia, CDR 2

moderate dementia, and CDR 3 severe dementia.

All participants completed a physical and neurologic exami-

nation. Mutations in APP, PSEN1, and PSEN2 and APOE e4
carrier status were identified from DNA extracted from peripheral

blood samples using methods described previously.31,32 Clinical

evaluators remained blinded to the mutation status of each

participant.

Neuropsychological assessments. Three domain-specific

cognitive composites and a global cognitive composite were

calculated by averaging z scores from a battery of 13 standard

paper-and-pencil neuropsychological tests, previously described

in detail in this cohort.33 The structure of the cognitive

composites was derived from an exploratory factor analysis

conducted on a subset of participants at baseline. The Episodic

Memory composite (EM) included Logical Memory Immediate

Recall and Delayed Recall and Word List Immediate Recall and

Delayed Recall. The Language Function composite (LF) was

generated from Letter Fluency for the letters “F,” “A,” and “S,”

Category Fluency for animals and vegetables, and the 30-item

version of the Boston Naming Test. The Working Memory

composite (WM) was generated from Digit Span (Forwards

and Backwards), the Trail Making Test Parts A and B, and the

Digit Symbol Coding test. The Global Cognitive composite

(GC) included all 13 measures. Participants with missing data

were excluded from analyses. In addition, scores from the Mini-

Mental State Examination (MMSE) and CDR sum of boxes

(CDR-SB) were analyzed individually.

PiB-PET imaging. PiB-PET scans were performed to quantify

cerebral fibrillar Ab deposition within 6 months of baseline clin-

ical and neuropsychological evaluations. The mean interval from

assessment to imaging was 16.21 days, with a range from 0 to 158

days. As described previously,34,35 the PiB-PET data in the time

frame from 40 to 70 minutes postinjection were analyzed by a

region-of-interest (ROI) approach. For each FreeSurfer ROI, a

regional spread function–based technique was used to correct for

partial volume effects before regional image intensities were

referenced to cerebellar gray matter to calculate a standardized

uptake value ratio (SUVR).36 We examined the mean cortical

SUVR (PiB-Cortmean) derived from an average across left and

right lateral orbitofrontal, inferior parietal, precuneus, rostral

middle frontal, superior frontal, superior temporal, and middle

temporal regions. We additionally analyzed SUVR in the

precuneus (PiB-Precuneus), known to be an area of early Ab

deposition.34,37 Analyses in which PiB SUVRs were calculated

using the brainstem as a reference region were also conducted

and the results are shown in tables e-1 and e-2 on the

Neurology® Web site at Neurology.org.

Statistical analysis. General linear mixed-effects models were

used for both cross-sectional and longitudinal analyses. The

cross-sectional analysis was conducted to investigate the
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association between baseline amyloidosis and baseline cognitive

performance. The longitudinal analysis was conducted to assess

whether baseline amyloidosis predicts subsequent longitudinal

cognitive decline. These analyses included both PiB and EYO

as fixed effects, as well as patient groups based on mutation and

clinical status (NC, as-MC, s-MC), and all possible

interactions. The family affiliation was treated as a random

effect in these models. For longitudinal analyses, time (number

of years since baseline cognitive test), as well as its interaction

with patient groups (NC, as-MC, and s-MC), baseline PiB

(centered at the mean), and/or EYO, and all possible 2- and 3-

factor interaction terms were included as fixed effects in the

models. Patients were also treated as a random effect in the

longitudinal analyses. Additional analyses were also conducted

to adjust for other potential covariates, including years of

education and APOE e4 status (positive or negative). We did

not specifically analyze the effect of APOE e4 status on the

amyloid–cognition relationship due to the limitation of the

sample size. SPSS 16.0 (SPSS Inc., Chicago, IL) and the

PROC MIXED procedure in SAS 9.3 (SAS Institute, Cary,

NC) were used to implement the analyses. Family and patient

random effects were modeled with an unstructured covariance

structure. Statistical significance was defined as p , 0.05.

RESULTS Cross-sectional analyses. as-MCs were
younger than NCs, and s-MCs were older and closer
to EYO than NCs and as-MCs (p , 0.05) (table 1).
Mean years of education was lower in s-MCs thanNCs
and as-MCs (p , 0.05). Among s-MCs, 88.9% were
CDR 0.5 or 1 (very mild and mild dementia), and only
7 participants were CDR 2 or 3 (moderate and severe
dementia). PiB-Cortmean and PiB-Precuneus values
were greater in as-MCs than NCs and greater in
s-MCs than all other groups (p , 0.05). Sex and

APOE e4 status did not differ significantly among
groups. PSEN1 mutation was the most common
type of family mutation in all groups.

The relationships between PiB-PET values and cog-
nitive performance in each group are shown in table 2
and figure 1. The b values presented in all tables rep-
resent the slope of the relationship between amyloid
and cognition. The magnitude of b is in terms of an
SD of the predicted value. For example, a b of 20.2
would indicate that a 1-unit change in the predictor
(e.g., PiB-Cortmean) leads to 20% of an SD decrease
in the predicted value (e.g., EM composite). In s-MCs,
higher cerebral amyloidosis correlated with significantly
worse performance on all cognitive composites except
language. After controlling for EYO, years of education,
and APOE e4 status, higher PiB-Cortmean values cor-
related with lower scores in GC (estimated b 5

20.167, p 5 0.011), EM (estimated b 5 20.158,
p5 0.026), WM (estimated b520.237, p5 0.002),
and MMSE (estimated b 5 22.452, p , 0.001) and
higher scores in CDR-SB (estimated b 5 1.095, p ,
0.001). PiB-Precuneus showed similar associations as
PiB-Cortmean in s-MCs. There were no significant
negative relationships between levels of amyloid depo-
sition and baseline cognition for the as-MC and NC
groups. Unexpectedly, the only effect for these groups
was a slightly positive relationship with greater PiB-PET
values associated with better LF scores in as-MCs (PiB-
Cortmean: estimated b 5 0.211, p 5 0.029; PiB-
Precuneus: estimated b 5 0.167, p 5 0.028).

Table 1 Baseline demographics and clinical features of participants in the cross-sectional and longitudinal analyses

Cross-sectional data set Longitudinal data set

NC as-MC s-MC NC as-MC s-MC

Sample size, n 101 99 63 39 40 42

Female, n (%) 54 (53.5) 56 (56.6) 35 (55.6) 23 (59.0) 25 (62.5) 20 (47.6)

Age, y, mean 6 SD 39.25 6 10.23 35.28 6 9.41a 45.11 6 9.86a,b 40.10 6 8.27 37.98 6 8.36 44.24 6 9.63a,b

Parental AAO, y, mean 6 SD 46.97 6 6.83 47.41 6 7.05 44.54 6 8.43a,b 47.21 6 6.08 45.50 6 7.29 43.62 6 7.41

EYO, y, mean 6 SD 27.72 6 11.64 212.13 6 8.55a 0.57 6 7.61a,b 27.10 6 9.04 27.53 6 7.58 0.62 6 7.46a,b

Education, y, mean 6 SD 14.93 6 2.65 14.81 6 2.83 13.32 6 2.42a,b 14.97 6 2.35 14.40 6 2.74 13.24 6 2.25a

Family mutation, n (%)

PSEN1 62 (61.4) 73 (73.7) 54 (85.7) 25 (64.1) 31 (77.5) 35 (83.3)

PSEN2 11 (10.9) 11 (11.1) 2 (3.2) 4 (10.3) 2 (5.0) 2 (4.8)

APP 28 (27.7) 15 (15.2) 7 (11.1) 10 (25.6) 7 (17.5) 5 (11.9)

APOE e4 carriers, n (%) 33 (32.7) 29 (29.3) 20 (31.7) 13 (33.3) 13 (32.5) 15 (35.7)

PiB-Cortmean SUVR, median (IQR) 1.03 (0.10) 1.35 (0.76)a 2.55 (1.61)a,b 1.04 (0.14) 1.52 (0.87)a 2.14 (1.60)a,b

PiB-Precuneus SUVR, median (IQR) 1.11 (0.15) 1.68 (1.23)a 3.29 (1.94)a,b 1.13 (0.19) 1.95 (1.29)a 2.99 (1.78)a,b

Abbreviations: AAO 5 age at onset; as-MC 5 asymptomatic mutation carrier; EYO 5 estimated years from expected symptom onset; IQR 5 interquartile
range; NC 5 asymptomatic mutation noncarrier; PiB 5 Pittsburgh compound B; s-MC 5 symptomatic mutation carrier; SUVR 5 standardized uptake value
ratio.
ap , 0.05 compared with NC.
bp , 0.05 compared with as-MC.
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Longitudinal analyses. Baseline demographics and clin-
ical features of participants in the longitudinal data set
are shown in table 1. At baseline, as-MCs had similar
age, EYO, and years of education compared with
NCs. s-MCs were older and closer to EYO and had
fewer years of education than NCs and as-MCs (p ,
0.05). All other baseline features, including sex,
APOE e4 status, family mutation type, CDR scores,
and PiB-PET values, were similar to those in the
cross-sectional data set. The demographic features
of those with and without longitudinal data are
highly concordant (table e-3).

Relationships between baseline PiB-PET values and
cognitive decline in each group are presented in table 3
and illustrated in figures 1 and 2. The b values pre-
sented in all tables represent the modulation of the lon-
gitudinal slope by amyloid. For these results, b refers to
an effect on the annual change of a dependent variable.
A b of 20.05 indicates that a 1-unit change in the
predictor (e.g., PiB-Cortmean) leads to an additional
5% SD annual decline in the dependent variable (e.g.,
EM composite). In the as-MC group, greater baseline

PiB values were only associated with lower EM scores
(PiB-Cortmean: estimated b 5 20.084, p 5 0.043;

PiB-Precuneus: estimated b 5 20.073, p 5 0.025).
Higher baseline PiB-Cortmean values in s-MCs pre-

dicted greater decline in WM (estimated b520.083,

p5 0.020) and MMSE (estimated b 5 20.505, p 5
0.037). Baseline PiB-Precuneus values in s-MCs

predicted cognitive decline not only in WM (estimated

b520.090, p5 0.001) and MMSE (estimated b5

20.447, p 5 0.033) but also in GC (estimated b 5

20.052, p5 0.027). Baseline EYO in s-MCs also had

a significant effect on GC (estimated b520.017, p5
0.001), LF (estimated b5 20.027, p, 0.001), WM

(estimated b 5 20.025, p , 0.001), and CDR-SB

(estimated b 5 0.077, p 5 0.013) (table 3).
The model significance and the p value for all the

variables and interactions in the models are shown in

tables e-4 and e-5. In addition, using the brainstem as

an alternative reference region, similar results were

found in both cross-sectional (table e-1) and longitu-

dinal analyses (table e-2).

Table 2 Cross-sectional analysis: Associations between baseline PiB-PET and baseline cognitive performance

Group Composite N

Models for PiB-Cortmeana Models for PiB-Precuneusa

EYO PiB-Cortmean EYO PiB-Precuneus

NC GC 98 20.003 (0.457) 0.059 (0.801) 20.003 (0.425) 0.151 (0.430)

EM 100 20.007 (0.203) 20.174 (0.587) 20.007 (0.190) 20.071 (0.787)

LF 99 0.003 (0.547) 0.543 (0.098) 0.003 (0.570) 0.518 (0.055)

WM 101 20.004 (0.410) 0.027 (0.921) 20.004 (0.378) 0.140 (0.528)

CDR-SB 101 20.002 (0.920) 20.064 (0.946) 20.001 (0.926) 20.024 (0.975)

MMSE 101 0.009 (0.741) 20.264 (0.876) 0.008 (0.771) 0.062 (0.964)

as-MC GC 97 20.009 (0.135) 0.060 (0.366) 20.009 (0.111) 0.055 (0.288)

EM 99 20.006 (0.456) 20.102 (0.270) 20.006 (0.436) 20.074 (0.306)

LF 98 20.011 (0.200) 0.211 (0.029)b 20.011 (0.192) 0.167 (0.028)b

WM 98 20.011 (0.126) 0.080 (0.300) 20.011 (0.094) 0.079 (0.195)

CDR-SB 99 20.003 (0.900) 0.013 (0.962) 20.003 (0.909) 0.011 (0.959)

MMSE 99 20.006 (0.889) 0.237 (0.627) 20.007 (0.873) 0.184 (0.629)

s-MC GC 46 20.019 (0.028)b 20.167 (0.011)b 20.018 (0.042)b 20.146 (0.007)b

EM 60 20.018 (0.084) 20.158 (0.026)b 20.016 (0.130) 20.149 (0.016)b

LF 60 0.006 (0.607) 20.109 (0.152) 0.005 (0.637) 20.073 (0.270)

WM 46 20.018 (0.082) 20.237 (0.002)b 20.016 (0.094) 20.210 (0.001)b

CDR-SB 63 0.040 (0.205) 1.095 (,0.001)b 20.029 (0.371) 0.947 (,0.001)b

MMSE 62 20.030 (0.598) 22.452 (,0.001)b 20.001 (0.985) 22.173 (,0.001)b

Abbreviations: as-MC 5 asymptomatic mutation carrier; CDR-SB 5 Clinical Dementia Rating sum of boxes; EM 5 Episodic Memory composite; EYO 5

estimated years from expected symptom onset; GC 5 Global Cognitive composite; LF 5 Language Function composite; MMSE 5 Mini-Mental State
Examination; NC 5 asymptomatic mutation noncarrier; PiB 5 Pittsburgh compound B; s-MC 5 symptomatic mutation carrier; WM 5 Working Memory
composite.
Data are estimated b (p value).
a Fixed effects for mixed-effects models: PiB, EYO, group (NC, as-MC, s-MC), years of education, APOE e4 status (positive or negative), PiB*group,
EYO*group; random effects for the models: family affiliation.
bSignificant value.
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DISCUSSION The results of the current study reveal
that there is a significant association between fibrillar
amyloid and cognitive impairment and decline in
ADAD. Higher cerebral amyloidosis predicts greater
longitudinal episodic memory decline in presymptom-
atic ADAD. Furthermore, in symptomatic ADAD,
both multidomain cross-sectional impairment and
longitudinal cognitive decline are associated with
higher levels of amyloidosis. Our study was based on
both cross-sectional and longitudinal observations of
ADAD mutation carriers, who are destined to
develop symptomatic AD and thus are an ideal
population in which to assess the earliest cognitive
changes associated with increasing amyloid burden.

Our results (figure 2) demonstrated that the effects
of amyloid on longitudinal cognition occurred in a
relatively continuous manner in as-MC and s-MC

groups. This confirms the utility of analyzing contin-
uous rather than dichotomized PiB-PET values,

which increases the power of analyses to predict cog-

nitive performance. The size of our effects was such

that a 1-unit increase in amyloid deposition (PiB-

Cortmean) led to between a 5% and 8% (SD) greater

annual decline in cognitive scores.
Our prior reports from the DIAN study have re-

vealed a highly significant relationship between

EYO and actual age at onset and disease course,38 as

well as EYO and cognition in ADAD.28,33 Our mod-

els accounted for EYO in estimating the additional

effect of amyloidosis on cognitive impairment and

decline. The unique role of EYO provides a

biomarker-independent prospective estimate of each

individual’s relative stage in the disease process.

Figure 1 Estimated b values of cognition associated with PiB-PET in NC, as-MC, and s-MC groups

Asterisk means that the estimated b is significant in this subgroup; *p, 0.05, **p, 0.01. as-MC5 asymptomatic mutation carrier; EM5 Episodic Memory
composite; GC 5 Global Cognitive composite; LF 5 Language Function composite; NC 5 asymptomatic mutation noncarrier; PiB 5 Pittsburgh compound B;
s-MC 5 symptomatic mutation carrier; WM 5 Working Memory composite.
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Development of a multivariate model incorporating
EYO and disease biomarkers, such as fibrillar amyloid
levels, may enable cognitive decline to be predicted
with greater precision.

Most prior studies of cognitively healthy older
people demonstrated episodic memory decline associ-
ated with amyloid burden in the brain7,10–
13,15,18,20,21,23 earlier than other cognitive domain de-
clines.12,20,23 A meta-analysis including 16 indepen-
dent cohorts (maximum of 1,278 participants)
assessed the amyloid–cognition relationship in cogni-
tively normal adults, and the results also showed that
only episodic memory had a modest but significant
negative relationship to amyloid burden detected by
PiB-PET in presymptomatic AD.39 Similar to these
results found in sporadic AD, our results in ADAD
showed that cerebral amyloidosis predicted episodic
memory decline over time in presymptomatic
ADAD. The negative association between amyloido-
sis and episodic memory is relatively modest in the
presymptomatic stage (b 5 20.084, p 5 0.043),

likely due to the relatively subtle nature of such de-
clines so early in disease progression. Larger sample
sizes and longer follow-up time will further test this
association in the future. The findings from both
ADAD and sporadic AD imply that amyloidosis in
the brain may be an indicator of early cognitive
decline and thus provide more effective outcome
measures for early-stage and prevention treatment
trials.

In both our cross-sectional and longitudinal data
sets, the strongest relationships between amyloid
and cognition were found in the early stages of clinical
ADAD. To date, only a few studies have reported the
amyloid–cognition relationship in different stages of
AD.7,16,17,19,23 Similar to our results, one longitudinal
study19 found that baseline amyloid PET values sig-
nificantly correlated with widespread cognitive
decline across multiple cognitive domains in an
MCI group but with only limited declines in cogni-
tively normal and AD groups. Another longitudinal
study23 also showed that cognitive decline associated

Table 3 Longitudinal analysis: Associations between baseline PiB-PET and future cognitive decline

Group Composite N

Models for PiB-Cortmeana Models for PiB-Precuneusa

EYO PiB-Cortmean EYO PiB-Precuneus

NC GC 38 0.001 (0.673) 0.016 (0.893) 0.001 (0.698) 0.048 (0.592)

EM 38 0.004 (0.221) 20.127 (0.477) 0.004 (0.211) 20.052 (0.701)

LF 39 20.002 (0.537) 20.015 (0.938) 20.002 (0.526) 0.042 (0.777)

WM 39 0.001 (0.642) 0.136 (0.364) 0.001 (0.685) 0.093 (0.404)

CDR-SB 32 0.001 (0.949) 20.031 (0.971) 0.001 (0.947) 20.059 (0.932)

MMSE 39 0.002 (0.945) 0.025 (0.982) 0.002 (0.941) 20.095 (0.910)

as-MC GC 39 0.001 (0.979) 20.035 (0.181) 0.001 (0.833) 20.035 (0.090)

EM 40 0.005 (0.236) 20.084 (0.043)b 0.006 (0.179) 20.073 (0.025)b

LF 40 20.005 (0.313) 0.004 (0.935) 20.004 (0.395) 20.009 (0.800)

WM 39 20.001 (0.686) 20.025 (0.418) 20.001 (0.697) 20.019 (0.434)

CDR-SB 33 0.009 (0.762) 0.011 (0.964) 0.008 (0.770) 0.014 (0.941)

MMSE 39 20.009 (0.762) 20.100 (0.719) 20.008 (0.791) 20.088 (0.692)

s-MC GC 29 20.017 (0.001)b 20.046 (0.119) 20.014 (0.006)b 20.052 (0.027)b

EM 41 20.003 (0.611) 20.035 (0.310) 20.003 (0.657) 20.029 (0.313)

LF 42 20.027 (,0.001)b 0.008 (0.833) 20.026 (,0.001)b 20.012 (0.721)

WM 29 20.025 (,0.001)b 20.083 (0.020)b 20.021 (,0.001)b 20.090 (0.001)b

CDR-SB 40 0.077 (0.013)b 0.069 (0.736) 0.080 (0.013)b 0.018 (0.918)

MMSE 38 20.038 (0.332) 20.505 (0.037)b 20.030 (0.455) 20.447 (0.033)b

Abbreviations: as-MC 5 asymptomatic mutation carrier; CDR-SB 5 Clinical Dementia Rating sum of boxes; EM 5 Episodic Memory composite; EYO 5

estimated years from expected symptom onset; GC 5 Global Cognitive composite; LF 5 Language Function composite; MMSE 5 Mini-Mental State
Examination; NC 5 asymptomatic mutation noncarrier; PiB 5 Pittsburgh compound B; s-MC 5 symptomatic mutation carrier; WM 5 Working Memory
composite.
Data are estimated b (p value).
a Fixed effects for mixed-effects models: PiB, EYO, group (NC, as-MC, s-MC), time (number of years since baseline cognitive test), years of education, APOE
e4 status (positive or negative), PiB*group, EYO*group, PiB*time, EYO*time, group*time, EYO*time*group, PiB*time*group; random effects for the models:
family affiliation and patients.
bSignificant value.
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with amyloidosis did not plateau after presymptom-
atic phases but extended into MCI and dementia.
This reveals that the detrimental influences repre-
sented by measures of amyloid burden may not have
plateaued after clinical onset.

Our findings have also confirmed the selective
impairment of cognitive domains involved in the

amyloid–cognition relationship. Episodic memory
decline associated with amyloid burden appears ear-
lier than other cognitive domain declines,12,20,23 and
cognitive declines in global cognition and working
memory occur in symptomatic stages.17,19,23 In our
current findings examining s-MCs, amyloid PET
was associated with cross-sectional deficits but not

Figure 2 Cognitive decline over time as predicted by baseline PiB-PET values in NC, as-MC, and s-MC groups

Baseline PiB values were centered. as-MC 5 asymptomatic mutation carrier; CDR-SB 5 Clinical Dementia Rating sum of boxes; EM 5 Episodic Memory
composite; GC 5 Global Cognitive composite; LF 5 Language Function composite; MMSE 5 Mini-Mental State Examination; NC 5 asymptomatic mutation
noncarrier; PiB 5 Pittsburgh compound B; s-MC 5 symptomatic mutation carrier; SUVR 5 standardized uptake value ratio; WM 5 Working Memory
composite.
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longitudinal declines in episodic memory, a finding at
odds with some studies of late-onset symptomatic
AD.19,23 One possible explanation for this is a floor
effect on episodic memory tests observed in the s-
MCs. It may be that at CDR 0.5 and 1 floor effects
limited the ability to detect episodic memory decline
in the tests used in our study. We did not find any
negative association of amyloid burden with lan-
guage. It is noteworthy that most s-MCs in our study
had CDR scores of 0.5 and 1 (88.9% in cross-
sectional and 95.2% in longitudinal data sets). Due
to the lack of more advanced dementia cases (CDR
2–3), language was relatively preserved compared
with other cognitive domains.

There are several limitations in this study. First, our
study was based on ADAD, which accounts for less
than 1% of all cases of AD,32,40 limiting the generaliz-
ability of our findings. However, increasing evidence
supports that both ADAD and sporadic AD share a
common pathophysiologic basis.28,32 Our results are
similar to the prior findings for sporadic late-onset
AD, suggesting that ADAD is a good model for the
amyloid–cognitive relationships in sporadic AD. Sec-
ond, this analysis lacked other AD biomarker measures,
such as tau, atrophy, and hypometabolism. Future anal-
yses incorporating these biomarkers may help inform
the role of other biomarkers in cognitive decline. Fur-
thermore, some individuals had incomplete psychomet-
ric measures at both baseline and longitudinal
assessments. However, constructing psychometric com-
posites using any available data (e.g., allowing as little as
1 test to generate a composite rather than requiring all
scores) did not substantially change model results.

Last, although our results are important to further
our understanding of the amyloid hypothesis and
may generate more critical hypotheses to be tested
in the future, they must be interpreted with caution
because they are preliminary in nature and no rigor-
ous multiplicity adjustment has been implemented.

Our findings support that cerebral amyloidosis is a
useful marker of cognition in both presymptomatic
and symptomatic ADAD, similar to findings in spo-
radic AD, supporting the definition of a presymptom-
atic stage of AD and providing outcome measures for
early-stage treatment trials.
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