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Contribution of local amyloid-p and tau burden
to hypometabolism in autosomal-dominant
Alzheimer’s disease
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Glucose hypometabolism is observed in early Alzheimer’s disease. However, there are regional discrepancies in hypometabolism and
Alzheimer’s pathological markers. We examined the local and global contributions of amyloid-f and tau pathology to glucose metab-
olism and their interplay in memory decline in Presenilin-1 E280A mutation carriers and non-carriers from the largest autosomal-
dominant Alzheimer’s disease kindred. This cross-sectional study included 43 mutation carriers (6 cognitively impaired) and 39
non-carriers from the Colombia-Boston Biomarker Study. Glucose metabolism was assessed with [18F]fluorodeoxyglucose PET,
and memory performance with the Consortium to Establish a Registry for Alzheimer’s Disease word list learning. A subgroup of
22 carriers and 26 non-carriers additionally had measures of amyloid-B and tau using 11C-Pittsburgh compound B and 18F-flortau-
cipir PET, respectively. First, we compared regional glucose metabolism between groups using the Wilcoxon rank-sum test. Then, we
studied regional glucose metabolism associations with age, co-localized amyloid-B and tau pathology, and memory using Spearman
correlation. Local specificity was assessed by partial correlations controlling for global amyloid-B and tau burden. Finally, we studied
whether the link between Alzheimer’s pathology and memory was mediated by regional glucose hypometabolism. Mutation carriers
exhibited lower glucose metabolism in the precuneus and isthmus cingulate compared to non-carriers. Hypometabolism correlated
locally with greater tau accumulation in the medial temporal lobe, inferior temporal gyrus and prefrontal cortex, and with greater
amyloid-B accumulation in the inferior temporal gyrus in carriers. These associations were no longer significant when controlled
for global pathology, except for the frontal tau-hypometabolism correlation, which was independent of global tau burden, suggesting
local specificity. Additionally, lower memory performance in carriers was associated with hypometabolism in regions typically af-
fected by tau. The mediation analysis revealed a region-specific interplay in pathology, with the associations of amyloid-f and tau
pathology with memory decline being mediated by hypometabolism in the inferior temporal. Our findings highlight the metabolic
vulnerability of the precuneus in early stages, supporting a common pathophysiology between autosomal-dominant and sporadic
Alzheimer’s disease. The lack of local correlations between amyloid-, tau and hypometabolism suggests that distant effects may ex-
plain the regional discrepancies between pathology accumulation and metabolic alterations. This study describes a model where path-
ology advances and interacts in a region-specific manner to impact clinical outcomes, underscoring the importance of regional
[18F]fluorodeoxyglucose PET as an independent predictor of cognitive decline. Overall, our findings improve understanding of the
spatial progression of pathology, which could have important implications in disease management.
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Graphical Abstract

World’s largest kindred of autosomal-dominant
Alzheimer’s disease (PSEN1 E280A mutation)
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Hypometabolism interacts with amyloid-g and tau
pathology in a region-specific manner to
contribute to memory impairment.

° AD (ADAD), a genetically determined form of early-onset AD,
I ntrOd uction hypometabolism begins in the precuneus approximately a dec-
Cerebral glucose hypometabolism, measured with ade prior to the estimated onset of clinical symptoms.'*!*
[18F]fluorodeoxyglucose (FDG) PET, is a primary feature Within the Amyloid, Tau and Neurodegeneration research
of Alzheimer’s disease (AD).! Hypometabolism occurs framework, hypometabolism follows the accumulation of
slowly with normal aging®* and accelerates along AD pro- amyloid-B (AB) plaques and tau tangles and precedes neuronal
gression, typically affecting temporal and parietal brain re- loss." The presence of AB is believed to promote tau spread from
gions in mild cognitive impairment (MCI),”° extending to the medial temporal lobe to neocortical regions."> Widespread

. . 7-9 . . . .
the frontal lobe in sporadic AD.”” In autosomal-dominant tau then becomes closely linked to neurodegeneration, resulting
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in cognitive decline.'* However, the spatio-temporal interplay be-
tween AP, tau and hypometabolism in the disease progression is
unclear. Some studies have not found any associations between
glucose metabolism and AB pathology in sporadic AD""” or
ADAD,'® while others have shown that hypometabolism and
AP accumulation are locally correlated in temporal and parietal
brain regions.'”?! The local specificity of these correlations has
been questioned as the pattern of hypometabolism might depend
on cortex-wide AB accumulation rather than regional deposits of
fibrillar A plaques.*” In turn, regional correlations between hy-
pometabolism and tau in the entorhinal and inferior temporal
cortices have been more consistently reported in sporadic
AD*? and ADAD,'®*¢ though their local specificity has not
been investigated. Given that the FDG-PET signal reflects, in
part, neuronal loss, hypometabolism might be more influenced
by intraneuronal tau tangles than extracellular AB.*”

Thus, several studies have sought to determine whether glu-
cose metabolism offers insights into cognitive function above
the influence of AD pathology. Hypometabolism predicts cog-
nitive decline from normal aging®>*?*® and is associated with
memory deterioration in AD.*’! Consistent with a model
where tau and hypometabolism drive neurodegeneration be-
fore clinical symptoms, A accumulation alone does not ex-
plain cognitive impairment in AD."5***3 Yet, conflicting
findings pertaining to the role of tau in these associations
cast doubt on whether cognitive correlates of hypometabolism
are independent of** or mediated by tau pathology.*

Together, existing literature improves understanding of the
role glucose hypometabolism plays in the AD pathological cas-
cade. However, there is inconsistent evidence for the contribution
of regional Af and tau pathology to AD-related hypometabolism
and their interplay in downstream cognitive deterioration. To in-
vestigate this, we propose to study FDG-PET data in Presenilin-1
(PSENT1) E280A mutation carriers from the largest ADAD
Colombian kindred. In this kindred, carriers develop MCI at a
median age of 44 years and AD dementia at 49 years.*
Despite showing a more rapid progression,”” ADAD can serve
as a roadmap for the late-onset form of the disease, given its well-
characterized trajectory. Here, our first aim is to determine the re-
gional pattern of glucose metabolism across the AD continuum in
PSENT mutation carriers and its age-related changes. Second,
we aim to study cortical and subcortical glucose metabolism
in relation to co-localized AB and tau burden, while accounting
for global pathology burden. Third, we aim to examine the
memory correlates of regional glucose metabolism and deter-
mine whether these are influenced by AD pathology. We hy-
pothesize that tau, rather than AP, will primarily underlie
FDG-PET reductions in brain regions of early pathology accu-
mulation and that region-specific hypometabolism will correl-
ate with cognitive impairment in ADAD.

Materials and methods

In this study, we used data from PSEN1 E280A carriers
and age-matched non-carrier family members from the
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Colombia-Boston (COLBOS) Biomarker Study, conducted
at the Massachusetts General Hospital (Boston, USA) in col-
laboration with the Neuroscience Group of Antioquia at
the University of Antioquia and the Pablo Tobén Uribe
Hospital (Medellin, Colombia).>® All participants with
available FDG-PET scans and neuropsychological assess-
ments were included in the study. Participants were excluded
if they had a significant medical, psychiatric or neurological
disorder or a history of stroke, seizures or substance abuse. A
subset of participants also had [11C] Pittsburgh compound B
(PiB) and [18F]flortaucipir (FTP) PET scans available for A
and tau quantification. All participants provided written in-
formed consent before study assessments and were compen-
sated. This study was approved by the local institutional
review boards of the Massachusetts General Hospital and
the University of Antioquia. Researchers and participants
were blind to genetic status.

Neuropsychological evaluations were conducted in Spanish
at the University of Antioquia within six months of neuroi-
maging data collection. The Functional Assessment Staging
Tool (FAST; range: 1-7) was used to determine cognitive sta-
tus, with a score < 2 indicating no objective cognitive impair-
ment.>® The Mini-Mental State Examination (MMSE; range:
0-30) was used to assess global cognitive function®” and the
Consortium to Establish a Registry for Alzheimer’s Disease
(CERAD) word list learning (range: 0-30) was used to assess
memory performance,* one of the earliest indicators of pre-
clinical changes in PSEN1 E280A carriers.*! Other tests in-
cluded the CERAD’s Semantic Fluency test™ and the Trail
Making Test Part A (TMTA) to assess processing speed.*
The neuropsychological battery is detailed in Supplementary
Material and has been previously reported.>®*!

Structural T1-weighted MRI scans were acquired on a
Siemens 3 Tesla Tim Trio scanner (repetition time=
2300 ms, echo time =2.95 ms, flip angle = 9 degrees, voxel
size =1.05 % 1.05 x 1.2 mm). Images were processed using
Freesurfer v7.2.0 to identify white and pial surfaces and to
segment cortical and subcortical regions of interest (ROIs)
from the Desikan atlas.**** Visual inspection of the outputs
was conducted, and manual edits were made when necessary
to ensure accurate segmentation.

FDG-PET scans were acquired on a 64-section Siemens
Biograph mCT PET/CT. Intravenous injection of 5 mCi of
FDG was administered 30 min before a dynamic emission
scan of 6 x 5-minute frames in fasting conditions (>5 h).
FDG-PET images were reconstructed with a computed tomo-
graphic attenuation correction and were processed using PET
Unified Pipelines, which included scanner harmonization to
8 mm, motion correction and frame summation.*® A and
tau data were acquired on a Siemens Emission Computed
Axial Tomography High Resolution + PET scanner (3D
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mode; 63 image planes; 15.2 cm axial field of view; 5.6 mm
transaxial resolution; 2.4 mm slice interval). AB data were
acquired with a 60-minute dynamic protocol immediately
after a 8.5-15 mCi bolus injection of PiB (12 x 15-second
+57 % 60-second frames) and analysed by the Logan refer-
ence method.*” Tau data were acquired 80-100 min after a
9.0-11.0 mCi bolus injection of FTP (4 X 5-minute frames).
PET and MRI images were co-registered with affine transfor-
mations, and PET data were sampled using Freesurfer-
derived Desikan ROIs. Standardized uptake value ratio
(SUVR) for FDG and FTP data and distribution volume ratio
(DVR) for PiB data were estimated. We used the cerebellar
grey matter as the reference region due to its low intraindivi-
dual variability in glucose metabolism and to ensure compar-
ability across PET modalities.*® Each PET regional SUVR
and DVR underwent partial volume correction using the re-
gional spread function method.*” This method reduces
atrophy-related bias by modelling a spill-over matrix at the
regional level based on individual anatomical segmentations
and the scanner’s point spread function.’® Left and right
hemispheres were averaged for each FDG, FTP and PiB
ROIs. Composite regions were used to account for global
AP and tau pathology in early accumulation regions, with
frontal, lateral temporal, parietal and retrosplenial PiB up-
take averaged to represent global Ap burden®' and precu-
neus, entorhinal and inferior temporal FTP uptake
averaged to represent global tau burden, respectively.®?

Demographic characteristics were compared between
PSENT1 mutation carriers and non-carriers using two-tailed
t-tests for continuous variables and y*-tests for categorical
variables. First, we compared FDG SUVR across all cortical
and subcortical ROIs between carriers and non-carriers
using the Wilcoxon rank-sum test. Paired Wilcoxon rank-
sum tests compared FDG SUVR in the left and right hemi-
spheres. Effect sizes of those differences were assessed using
the rank-biserial correlation 7. In the ROIs with the largest
between-group differences, we assessed the correlation be-
tween FDG SUVR and age using Spearman correlation.
The same approach was used to compare FTP SUVR and
PiB DVR between groups. Second, we conducted Spearman
correlations between the same-region FDG SUVR and FTP
SUVR, as well as FDG SUVR and PiB DVR across all cortical
and subcortical ROIs in PSEN1 mutation carriers and non-
carriers. To understand whether the observed significant effects
were due to global pathology rather than local specificity, we
performed partial correlations controlling for global FTP
SUVR in local FDG-FTP correlations and for global PiB
DVR in local FDG-PiB correlations. In addition, to explore
the interplay between co-localized pathology burden, local
FDG-FTP correlations were controlled for local PiB DVR
and local FDG-PiB correlations for local FTP SUVR. Lastly,
we assessed the link between regional FDG SUVR and memory
(CERAD’s word list learning) in PSEN1 mutation carriers and
non-carriers using Spearman correlation. Secondary models
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assessed correlations with semantic fluency (CERAD’s seman-
tic fluency) and processing speed (TMTA time) as well. All as-
sociations in PSENT mutation carriers were further adjusted
for MMSE (global cognition) using partial Spearman correl-
ation. Mediation analyses were then performed in the imaging
sub-sample to study whether the effects of AR and tau burden
on memory were mediated by glucose metabolism. In medi-
ation models, the independent variable was either PiB DVR
or FTP SUVR, the dependent variable was memory
(CERAD’s word list learning), and the mediator was FDG
SUVR. These models were carried out in the four ROIs with
the largest differences between groups and/or the strongest cor-
relations (precuneus, caudal middle frontal, inferior temporal
and hippocampus) and were adjusted for PSEN1 mutation sta-
tus. We used R’s mediation package with 1000 bootstrapping
simulations.

We used Bonferroni correction for multiple comparisons
in all regional analyses and bootstrapping methods to calcu-
late confidence intervals. Statistical significance was set at
a=0.05. All analyses were performed in R (v4.4.1).

Results

A total of 43 PSEN1 E280A mutation carriers and 39 non-
carriers were included in this study (Table 1). Mean age
was 38.2 + 7.5 years in carriers and 39.6 + 6.7 years in non-
carriers. Age, sex or education years did not differ between
groups. Among mutation carriers, six were cognitively im-
paired (FAST > 2), while all non-carriers were cognitively in-
tact (P <0.001). MMSE scores (P < 0.001), CERAD’s word
list learning (P =0.005) and TMTA times (P =0.023) were
significantly lower in carriers compared to non-carriers. Of
those, a subgroup of 22 PSEN1 mutation carriers and 26
non-carriers had PiB-PET and FTP-PET data available in
addition to FDG-PET data and neuropsychological assess-
ments. The demographics of this subgroup are comparable
to the main sample (Supplementary Table 1).

First, we assessed between-group differences in mean FDG
uptake across bilateral cortical and subcortical regions. We
observed a pattern of hypometabolism in parietal, temporal
and frontal regions, with significantly lower glucose metab-
olism in PSEN1T mutation carriers compared to non-carriers
in the precuneus [W =473, r=-0.436, 95% confidence
interval (CI: —0.643, —0.186), P < 0.001, p,4;=0.027] and
isthmus cingulate [W =475, r=-0.434, 95% CI (-0.643,
—-0.219), P <0.001, p,4i=0.027], after Bonferroni correc-
tion for multiple comparisons (Fig. 1A). We observed hemi-
spheric differences in FDG SUVR, which were consistent in
both carriers and non-carriers (Supplementary Fig. 1). In
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Table | Sample demographics

PSENI E280A Non-carriers

carriers (n =43) (n=39) P-value
Age (years) 382+75 39.6 +6.7 0.399
Education (years) 102+3.9 11.5+4.1 0.140
Sex (n, %) 0.744
Female 29 (67%) 24 (62%)
Male 14 (33%) 15 (38%)
FAST <0.001
<2 37 (86%) 39 (100%)
>2 6 (14%) 0
MMSE 273+24 288+ 1.0 <0.001
CERAD’s word list 180+5.1 208+3.8 0.005
learning
CERAD’s semantic 21.4+5.1 212+38 0.845
fluency
TMTA time 53.9+373 397+ 135 0.023

Demographics were compared between PSEN| mutation carriers (n =43) and
non-carriers (n = 39) using two-tailed t-tests for continuous variables and 2*-tests for
categorical variables. Bold font represents statistical significance (P < 0.05). Continuous
variables are represented as mean =+ standard deviation and categorical variables as n
(%). CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; FAST,
Functional Assessment Staging Tool; MMSE, Mini-Mental State Examination; TMTA,
Trail Making Test Part A.

these brain regions, glucose metabolism was negatively cor-
related with age in carriers [precuneus: p = —0.540, 95% CI
(=0.717,-0.282), P < 0.001; isthmus cingulate: p = —0.649,
95% CI (-0.788, —0.437), P <0.001] but not in non-
carriers [precuneus: p=0.086, 95% CI (-0.257, 0.377),
P =0.604; isthmus cingulate: p=0.117, 95% CI (-0.181,
0.399), P=0.476] (Fig. 1BC). The intersection point was
at ages 28.4 years in the precuneus and 31.6 years in the isth-
mus cingulate, which corresponds to 15.6 years and 12.4
years before the estimated age of clinical onset in carriers
(44 years)."! The correlation between FDG uptake and age
in carriers remained significant after adjusting for global cog-
nition (Supplementary Table 2).

Additionally, regional differences in FTP SUVR revealed
higher tau accumulation in PSEN1 mutation carriers com-
pared to non-carriers, mainly in medial temporal lobe struc-
tures, including the parahippocampal gyrus, amygdala,
hippocampus and entorhinal cortex (Supplementary Fig.
2A). In contrast, regional PiB DVR showed widespread high-
er AP burden in carriers than non-carriers, with the greatest
differences in basal ganglia and neocortical structures
(Supplementary Fig. 2B).

Further, we assessed the local associations of FDG SUVR
with FTP SUVR and PiB DVR across cortical and subcortical
regions in PSEN1 mutation carriers and non-carriers.
Glucose metabolism and tau accumulation were inversely as-
sociated in frontal, temporal and parietal regions in carriers
(Fig. 2ABC). Specifically, glucose hypometabolism was
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locally correlated with greater tau burden after Bonferroni
correction in the caudal middle frontal [p=-0.773, 95%
CI (-0.909, —0.491), P < 0.001, p,4; < 0.001], inferior tem-
poral [p=-0.762, 95% CI (-0.905, —0.487), P <0.001,
Pad;=0.005], entorhinal [p=-0.730, 95% CI (-0.856,
—-0.476), P<0.001, p,;;=0.009], inferior parietal
[p=-0.696, 95% CI (-0.897, -0.326), P<0.001,
Padi=0.023], rostral middle frontal [p=-0.693, 95% CI
(-0.859, —0.383), P <0.001, p,4i=0.023] and isthmus cin-
gulate [p=-0.666, 95% CI (-0.832, —0.361), P=0.001,
Padj=0.045]. To test for local specificity, we controlled local
correlations between FDG SUVR and FTP SUVR in PSEN1
mutation carriers for global tau pathology. Partial correla-
tions remained significant in the caudal [p=-0.706, 95%
CI (-0.869, —0.405), P <0.001] and rostral [p=-0.473,
95% CI (-0.746, —0.064), P =0.030] middle frontal, but
not in the other brain regions (Table 2). Additionally, all these
regional partial correlations remained unchanged when con-
trolling for co-localized AB accumulation (Table 2).

The relationship between glucose metabolism and A ac-
cumulation was not as extensive across the brain, with
PSEN1 mutation carriers showing a Bonferroni-corrected
correlation between lower glucose metabolism and higher
AP burden only in the inferior temporal [p=-0.756, 95%
CI (-0.873, —0.500), P < 0.001, p,4;=0.005] (Fig. 2DEF).
When controlling for global AB pathology, the partial correl-
ation between FDG SUVR and PiB DVR in the inferior tem-
poral was no longer significant [p=-0.228, 95% CI
(—0.481,0.060), P =0.124; Table 2]. In contrast, this partial
correlation remained unchanged when controlling for co-
localized tau accumulation (Table 2). Same-region correla-
tions between FDG SUVR and FTP SUVR as well as FDG
SUVR and PiB DVR in carriers were independent of global
cognition, with MMSE-adjusted correlations remaining sig-
nificant (Supplementary Table 2).

In non-carriers, FDG SUVR did not correlate with either
FTP SUVR or PiB DVR after Bonferroni correction
(Supplementary Fig. 3). Local and partial correlations were
similar in the whole imaging sub-sample as in PSENT muta-
tion carriers (Supplementary Table 3).

We then assessed the association between memory and glu-
cose metabolism across cortical and subcortical brain re-
gions. FDG uptake in temporal and parietal regions was
correlated with the CERAD’s word list learning in PSEN1
mutation carriers (Fig. 3A). We observed significant
Bonferroni-corrected correlations between worse memory per-
formance and hypometabolism in the hippocampus|p = 0.569,
95% CI (0.329, 0.745), P <0.001, p,4;=0.005], inferior
temporal [p=0.511, 95% CI (0.202, 0.740), P <0.001,
Padj=0.023] and entorhinal [p=0.509, 95% CI (0.229,
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Table 2 Local and global effects of Ap and tau accumulation on glucose metabolism in PSEN| mutation carriers

Partial correlations between local FDG SUVR and FTP SUVR in PSENI carriers

Region Simple correlation Controlling for global FTP SUVR Controlling for local PiB DVR
Caudal Middle Frontal -0.773 —-0.706 —0.698
[—0.908, —0.444] [—0.869, —0.405] [—0.865, —0.392]
(P<0.001) (P<0.001) (P<0.001)
Inferior Temporal —0.762 —0.343 —0.482
[—0.894, —0.512] [-0.668, 0.092] [-0.751, —0.076]
(P<0.001) (P=0.128) (P=0.027)
Entorhinal -0.730 —0.425 —0.747
[—0.854, —0.482] [-0.718, 0.000] [—0.889, —0.474]
(P<0.001) (P=0.055) (P<o0.001)
Inferior Parietal —-0.696 —0.353 —0.495
[—0.894, —0.326] [—-0.674, 0.080] [-0.758, —0.092]
(P<0.001) (P=0.116) (P=0.023)
Rostral Middle Frontal —-0.693 —0.473 —0.584
[-0.852, —0.361] [—0.746, —0.064] [-0.807, —0.215]
(P<0.001) (P=10.030) (P=0.005)
Isthmus Cingulate —0.666 —0.157 —0.635
[—-0.839, —0.337] [—-0.283, 0.543] [—0.834, —0.292]
(P=0.001) (P=0.496) (P=0.002)

Partial correlations between local FDG SUVR and PiB DVR in PSEN| carriers

Region Simple correlation Controlling for global PiB DVR Controlling for local FTP SUVR
Inferior Temporal —0.756 —0.228 —0.465
[—0.869, —0.498] [-0.481, 0.060] [—-0.741, —0.054]
(P<0.001) (P=0.124) (P=0.034)

Local simple and partial correlations of FDG SUVR with FTP SUVR and PiB DVR in PSEN| mutation carriers (n = 22) in brain regions where simple correlations survived Bonferroni
correction. Partial correlations were either controlled for global FTP SUVR or same-region PiB DVR and for global PiB DVR or same-region FTP SUVR. Spearman correlation
coefficients p, bootstrap-derived 95% confidence intervals (Cl), and P-values are shown for each correlation. Bold font represents statistical significance (P < 0.05). DVR, distribution
value ratio; FDG, [I8F]fluorodeoxyglucose; FTP, [I8F]flortaucipir; PiB, [I | C]Pittsburgh compound B; SUVR, standardized uptake value ratio.

0.708), P <0.001, p,4;=0.023; Fig. 3BC]. Partial correla-
tions between memory and FDG uptake remained statistic-
ally significant when adjusted for MMSE (Supplementary
Table 2). In non-carriers, memory performance was
not associated with glucose metabolism across the brain
(Supplementary Fig. 4). Among other cognitive functions,
reduced FDG uptake was associated with increased pro-
cessing speed in carriers, in a pattern similar to that of mem-
ory, but not to semantic fluency (Supplementary Fig. 5).
Lastly, we evaluated whether hypometabolism mediated
the memory correlates of AB and tau pathology in relevant
brain regions in the imaging sub-sample (# =48) while ad-
justing for PSEN1 mutation status. Region-specific media-
tions were observed. In the precuneus and caudal middle
frontal, the effect of PiB DVR or FTP SUVR on memory
was independent of FDG SUVR as the exposure-outcome
pathway was statistically significant (total and direct effects)
while the mediator-outcome pathway was not (indirect ef-
fect; Fig. 4AB). In the inferior temporal, FDG SUVR partially
mediated the association between PiB DVR and memory
[total effect: B=—-0.715, 95% CI (-1.188, —0.280), P =0.002;
direct effect: f=-0.500, 95% CI (-0.961, -0.050),
P=0.022; indirect effect: f=-0.215, 95% CI (-0.487,
—0.020), P =0.026; proportion mediated: 30%] as well as
between FTP SUVR and memory [total effect: #=—-0.578,
95% CI (-1.089, -0.310), P<0.001; direct effect:
B=-0.421, 95% CI (-0.753, —0.180), P =0.006; indirect

effect: f=—0.157, 95% CI (=0.422, —0.010), P = 0.042;
proportion mediated: 27%; Fig. 4C]. In the hippocampus,
FDG SUVR was associated with memory beyond PiB
DVR [total effect: f=—0.246, 95% CI (=0.637, 1.150),
P =0.580], while the association between FTP SUVR and
memory was unaffected by FDG SUVR (mediator-outcome
not significant; Fig. 4D).

Discussion

AP and tau accumulation precede neurodegeneration in AD
but their contribution to glucose hypometabolism and
downstream cognition remains unclear. Thus, this multi-
modal imaging study aimed to explore the local and global
effects of AB and tau pathology on glucose metabolism as
well as their interplay in memory decline in PSEN1 E280A
mutation carriers from the COLBOS Biomarker Study. We
observed glucose metabolism reductions in parietal brain re-
gions in PSEN1 mutation carriers compared to non-carriers,
which correlated with closer age to symptom onset. In car-
riers, hypometabolism correlated with greater tau accumula-
tion in the medial temporal lobe, parietal and prefrontal
regions, and with greater AB accumulation in the inferior
temporal. These correlations were mainly explained by glo-
bal pathology, except for frontal hypometabolism, which co-
localized with tau accumulation independently of global tau


http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcaf508#supplementary-data
http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcaf508#supplementary-data
http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcaf508#supplementary-data
http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcaf508#supplementary-data
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pathology. Moreover, hypometabolism in the medial tem-
poral lobe correlated with memory impairment in carriers.
We found a region-specific interplay between AD biomar-
kers, glucose hypometabolism and memory performance,
with hypometabolism in the inferior temporal mediating
the effects of Ap and tau burden on memory decline. Our
study provides a comprehensive examination of the synergy
between AD-specific pathology and hypometabolism and
their impact on clinical symptoms that can help improve
knowledge of the spatial and temporal progression of AD.

Glucose hypometabolism was most prominent in the pre-
cuneus and isthmus cingulate in PSENT mutation carriers
compared to non-carriers. In these brain regions, hypometa-
bolism correlated with age in carriers and started to deviate
from non-carriers approximately 15 and 12 years before the
estimated age of MCI onset, respectively. This is in line with
previous work carried out in ADAD showing precuneus hy-
pometabolism 10-15 years prior to onset.'%%*3 Notably, in
our Colombian kindred, cortical Ap burden is elevated in
PSEN1 mutation carriers 16 years before MCI diagnosis.'!
Beyond parietal regions, we also found a trend for hypome-
tabolism in the superior temporal and middle frontal gyri in
carriers compared to non-carriers, consistent with other
ADAD studies.?®°3->* This pattern matches the well-known
hypometabolism in typical sporadic AD in which parietal,
temporal and frontal regions are progressively affected
with disease severity.>>”*>°” However, hemispheric asym-
metries in PSENT mutation carriers and normal aging should
be further explored to obtain insights into disease-driven het-
erogeneities. Though early-onset AD patients present more se-
vere hypometabolism in the precuneus than late-onset AD
patients,?” our findings support a common pathophysiology
between ADAD and sporadic AD that renders the precuneus
metabolically vulnerable and demonstrate the value of
ADAD to study the spatio-temporal disease trajectory.

Similarly, PSEN1 mutation carriers displayed greater AP
and tau accumulation than non-carriers, following typical
patterns in ADAD.?® %% We observed regional correla-
tions between greater tau burden and lower metabolism in
the inferior temporal, entorhinal cortex, inferior parietal
and isthmus cingulate. Previous studies have reported similar
correlations in late-onset®>>>° as well as early-onset
AD.'®?¢ We further revealed that most correlations were
no longer significant when controlled for global tau path-
ology. To our knowledge, our study is the first to account
for local and global effects of pathology in ADAD. Though
FDG-PET and FTP-PET are typically assumed to overlap
and predict neuronal loss,' our findings suggest a lack of lo-
cal specificity between hypometabolism and tau accumula-
tion in temporo-parietal brain regions, which is in
agreement with the regional discrepancy between early tau
deposition in the medial temporal lobe’**? and early hypo-
metabolism in the precuneus and posterior cingulate in
AD. This discrepancy alludes to the idea of distant effects
of tau pathology on hypometabolism, which originated
from studies reporting tau-metabolism correlations in differ-
ent but functionally connected brain regions.”>**

BRAIN COMMUNICATIONS 2026, fcaf508 | |1

In contrast, we found a correlation between hypometabo-
lism and tau accumulation in the caudal and rostral middle
frontal regions, which was independent of global tau path-
ology. This suggests co-localization of tau tangles and defi-
cient glucose utilization in the prefrontal cortex, a hub of
the default mode network (DMN) that plays an important
role in regulating complex cognition and behaviour.®' In
this kindred, our group has shown that greater tau is linked
with lower functional connectivity in the DMN, mainly in
the precuneus and prefrontal cortex.®> Moreover, tau depos-
ition, functional connectivity and metabolic covariance pat-
terns have been shown to closely converge in sporadic
AD.**** Despite higher AB pathology in the prefrontal
cortex in PSEN1 mutation carriers than non-carriers, the
correlation between frontal tau accumulation and hypome-
tabolism was mostly independent of AP accumulation,
consistent with previous studies.'**% Thus, frontal
hypometabolism in our cohort could reflect dysconnectivity
and neurodegeneration locally induced by the early spread of
tau from the medial temporal lobe. More studies are critical-
ly needed to explore metabolic and functional networks
in ADAD.

Despite cortex-wide A accumulation in PSEN1 mutation
carriers, the regional association between Af burden and
lower glucose metabolism was restricted to the inferior tem-
poral gyrus in carriers. This correlation was mainly depend-
ent on the global presence of AB, in line with observations in
sporadic AD,** indicating that inferior temporal hypometa-
bolism does not result from regional deposits of fibrillary Af
plaques. Some studies have observed local correlations
between AP deposition and hypometabolism in temporo-
parietal regions,'”*! whereas others found no correlations
across the brain either in sporadic AD'>17:3%:63¢7 p
ADAD."® It has been proposed that long-term exposure to
ApB rather than absolute burden could lead to more severe hy-
pometabolism or that the detrimental effect on metabolism is
due to toxic AB oligomers instead of fibrillar AB as imaged by
PiB-PET.?” This lack of correlation between Ap and hypome-
tabolism could also be interpreted as AP not playing a
prominent role in ongoing neurodegeneration after reaching
a plateau.

The link between reduced glucose metabolism and
cognitive decline has been well described. Across the AD
continuum, hypometabolism in the temporal lobe and pos-
terior cingulate is associated with memory impairment,
visuospatial and language deficits as well as global cognitive
dysfunction.®??21:32:35:68 1n our study, we also observed
that lower glucose metabolism in the hippocampus, inferior
temporal and entorhinal was associated with worse memory
performance in PSEN1 mutation carriers. Notably, these
regions are involved in tau spatial spread, which highly
correlates with cognition.'*®” Cognitive correlates of Ap
are, however, poorly understood,?*®” calling into question
the contribution of AD hallmarks to memory deficits. We
found that the interplay between A, tau and glucose metab-
olism in memory performance was region-specific. In the pre-
cuneus and caudal middle frontal, greater AB and tau burden
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were associated with worse memory independently of hypo-
metabolism. Similarly, in the hippocampus, the association
between tau and memory deficits was not mediated by hypo-
metabolism. This indicates that A and tau pathology may
affect cognition synergistically prior to neurodegeneration
and supports the temporal ordering of events theorized in
AD." Given the closer link between tau and hypometabolism
in these regions, our findings also offer evidence for the role
of tau as the primary driver of downstream pathology, as
widely proposed in the literature.””*”°

Interestingly, we found concurrent higher Ap and tau accu-
mulation, lower glucose metabolism and lower memory per-
formance in the inferior temporal in PSENT mutation carriers
compared to non-carriers. The correlation between Af and
hypometabolism was considerably reduced when controlling
for local tau accumulation, in line with a study revealing that
AP burden had an indirect effect on cerebral blood flow and
volume in the inferior temporal gyrus via tau accumulation,
considering that glucose hypometabolism mirrors both brain
atrophy and brain hypoperfusion.””> However, the partial
correlation between hypometabolism and tau controlling
for AB accumulation, also remained significant, suggesting
an intricate relationship between AD pathology and metabol-
ic deficits in the inferior temporal. Both greater A and tau
burden were associated with worse memory, yet these effects
were partially mediated (30%) by hypometabolism in this re-
gion. While mediation results must be interpreted with cau-
tion due to the non-causal exploratory nature of this
statistical approach and the limited sample size, they suggest
that these biomarkers might be independent contributors to
cognitive decline in ADAD. These findings align with studies
showing that hypometabolism may predict cognitive decline
independently of tau in sporadic AD and ADAD.>*?*73 The
potential FDG-PET’s ability to independently predict cogni-
tive decline might be explained by hypometabolism being clo-
ser in time to symptom onset compared to AB and tau
accumulation. We could hypothesize that the mechanisms
through which inefficient glucose utilization in certain vulner-
able brain regions leads to neurodegeneration may occur
regardless of the presence of AD pathology,”* which would
have important implications in disease management.
Ultimately, our findings contribute to the growing evidence
that supports the introduction of combination therapy aim-
ing to slow down cognitive decline due to tau pathology as
well as deficient glucose utilization. Overall, the present study
describes a model where pathology advances and interacts in
a region-specific manner to impact clinical outcomes, under-
scoring the importance of differential regional vulnerability
in AD, with FDG-PET demonstrating to be an invaluable bio-
marker to unveil the spatial progression of pathology. More
studies of how regional glucose hypometabolism relates to
the wider spectrum of cognitive domains are warranted to
provide amore comprehensive understanding of regional vul-
nerability expression and clinical interpretation of FDG-PET.

Although the examination of a single ADAD mutation
provides methodological and conceptual benefits, this study
has multiple limitations. Our Colombian kindred has a high
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load of AB pathology but not tau pathology compared to
sporadic AD,*® which limits the generalizability of our find-
ings. In addition, the small sample size precludes us from
building more complex mediation models to further investi-
gate the intercorrelations between the different biomarkers.
Other methodological limitations include the lack of
medication data among carriers and the reference region se-
lection, which may be prone to off-target binding of FTP.”®
Moreover, the cross-sectional nature of this study hinders
causal interpretations of our mediation findings. To that
end, longitudinal studies are needed to clarify the interac-
tions between progression of AP, tau and glucose hypometa-
bolism across the AD spectrum. Finally, FDG-PET is an
unspecific marker of brain health that reflects not only neu-
rodegeneration, but vascular dysfunction as well, which
was not accounted for in this study.”"*">”® Our study also
has multiple strengths. This unique cohort of PSENT muta-
tion carriers with multi-modal imaging available has a deter-
ministic trajectory of pathological and clinical decline. Given
that the mean age of symptom onset is 44 years old,*® we are
able to examine different biomarkers without the confound
of normal aging. Additionally, due to the young age of this
cohort, the prevalence of other potential confounders such
as vascular risk is relatively low.

Supplementary material

Supplementary material is available at Brain Communications
online.
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