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Background: Accumulation of amyloid beta in the brain is one of the
first events in Alzheimer’s disease (AD) and starts decades before
symptoms arise. Disruption of resting state functional connectivity
(FC) might represent early functional consequences associated with
amyloid pathology. This study examines the association of FC for
10 resting state networks (RSNs) with amyloid pathology in a sam-
ple of cognitively healthy elderly monozygotic twins. In addition,
we estimated the upper limit of genetic contribution to RSN-FC,
by examining the within twin pair similarity of this measure.
Methods:Monozygotic twins were selected from the EMIF-AD Pre-
clinAD study. Inclusion criteria were age > 60 years and having a
delayed recall score above -1.5 SD of normative data. FSL-
MELODIC was used to identify ten large-scale functional brain
networks from resting state fMRI data. Amyloid pathology was
quantified from [ISF] Flutemetamol PET scans. Dual regression
analysis was performed to test the association between the RSNs
and amyloid pathology. To determine twin correlations in FC for
each network of interest, correlation analysis was performed using
the subject specific mean FC. Analyses were adjusted for age, sex
and grey matter atrophy. Results: We included 57 twin pairs and 13
individual twins (total 127 subjects) with a mean age of 69 years
(SD=6.97). We found that amyloid pathology was positively asso-
ciated with FC between precuneus /posterior cingulate cortex
(PCC) and the sensorimotor network. Within twin-pair correlations
for RSN-FC ranged from .27 (auditory) to .49 (visual network).
Conclusions: The observed increase in FC between the precuneus/
PCC and the sensorimotor network in subjects with increasing am-
yloid pathology might reflect the capacity of the brain to compen-
sate for early amyloid pathology. Future research should investigate
whether individual differences in functional compensation might
be predictive for developing AD. Further, our data suggests that
in addition to a moderate genetic background for FC, also non-ge-
netic factors substantially influence this trait. Next step will be to
study which non-genetic risk factors are involved. This work has
received support from the EU/EFPIA Innovative Medicines Initia-
tive Joint Undertaking EMIF grant agreement n°115372.
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Background: Models of Alzheimer pathology propose that amyloid-
osis, hypometabolism, and structural declines emerge not only over
time, but also spatially in the brain. Autosomal dominant Alz-
heimer disease (ADAD) provides an elegant way to study the evo-
lution of such pathology due to the ability to stage an individual
relative to their years to expected symptom onset (EYO). Longitu-
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dinal neuroimaging data is a particularly powerful way to model
such changes, as within-subject measures reduces between-subject
variability caused by unobserved individual differences. Methods:
We examined longitudinal PiB, FDG, and structural MRI data in
a population of 400 individuals enrolled in the Dominantly In-
herited Alzheimer’s Network (DIAN). Data were processed exam-
ining 34 cortical and 7 subcortical regions. We utilized linear mixed
effects models to explore changing pathology. Models were fit for
each region included fixed effects for mutation status, time from
baseline, baseline EYO, and all possible two and three-way interac-
tions. To allow non-linearities, EYO was modeled as a restricted cu-
bic spline. Analyses were run separately for each modality. The
primary focus was on the first time point in the disease where
biomarker change in that region differed between mutation carrier
and non-carriers. Results: Relative to non-carriers, rates of amyloid
deposition were significantly higher in carriers at an average EYO
across regions of -18.2, glucose metabolism began declining at an
average EYO of -14.2, and MRI structural measures declined at an
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average EYO of -4.2. While this three-stage pattern was common
across regions of the brain, it was not ubiquitous (Figure 1). Most
prominently a subset of regions demonstrated elevated PiB PET
accumulation and structural declines, but not abnormal glucose uti-
lization. Further, the regional timing within a modality (e.g. PiB
PET) was highly variable across brain regions (Figure 2). Conclu-
sions: Our study presents both the longitudinal temporal trajectories
of and spatial patterns of Alzheimer pathology in ADAD cohorts.
Our results are consistent with prior theoretical models and cross-
sectional work suggesting that initial increases in amyloid accumu-
lation are followed by hypometabolism, and finally by structural at-
rophy. We demonstrated that there is not one temporal relationship,
but that the emergence of pathology varies across the brain.
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Figure 1. Neuropsychological performance of all amyloid-positive groups
across cognitive domains

Z-scores, calculated based on the mean and standard deviation of the normal
control group indicate better memory performance of €2 compared to e4/e4
and worse language performance of €2 compared to all groups.

* significant contrast with €2 carriers at o.=.05, adjusted for age, sex, edu-
cation and disease stage.

£2 carriers vs controls

Figure 2. Voxelwise contrasts between normal controls and amyloid-beta
positive €2, €3/e3, €3/e4 and e4/e4 AD patients, family-wise error corrected
(p<0.05)

Colored areas indicate regions where AD groups have significantly lower
gray matter volume than normal controls.

Background: The APOE €2 allele is considered a protective factor
against developing Alzheimer’s disease (AD). Consequently, the
proportion of APOE €2 carriers among AD patients is low (3-5%),
but a small number of individuals do develop AD despite €2 carrier-
ship. In this study, we characterized the neuropsychological profile
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Figure 3. Voxelwise contrasts between normal controls and amyloid-beta
positive €2, €3/e3, €3/e4 and e4/e4 AD patients, (p<0.001, uncorrected
for multiple comparisons)

Colored areas indicate regions where AD groups have significantly lower
gray matter volume than normal controls.
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