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Abstract.
Background: Alzheimer’s disease (AD) pathology can be disclosed in vivo using amyloid and tau imaging, unlike non-AD
neuropathologies for which no specific markers exist.
Objective: We aimed to compare brain hypometabolism and tauopathy to unveil non-AD pathologies.
Methods: Sixty-one patients presenting cognitive complaints (age 48–90), including 32 with positive AD biomarkers
(52%), performed [18F]-Fluorodeoxyglucose (FDG)-PET (brain metabolism) and [18F]-MK-6240-PET (tau). We normal-
ized these images using data from clinically normal individuals (n = 30), resulting in comparable FDG and tau z-scores. We
computed between-patients correlations to evaluate regional associations. For each patient, a predominant biomarker (i.e.,
Hypometabolism > Tauopathy or Hypometabolism ≤ Tauopathy) was determined in the temporal and frontoparietal lobes.
We computed within-patient correlations between tau and metabolism and investigated their associations with demographics,
cognition, cardiovascular risk factors (CVRF), CSF biomarkers, and white matter hypointensities (WMH).
Results: We observed negative associations between tau and FDG in 37 of the 68 cortical regions-of-interest (average
Pearson’s r = –0.25), mainly in the temporal lobe. Thirteen patients (21%) had Hypometabolism > Tauopathy whereas
twenty-five patients (41%) had Hypometabolism ≤ Tauopathy. Tau-predominant patients were more frequently females
and had greater amyloid burden. Twenty-three patients (38%) had Hypometabolism ≤ Tauopathy in the temporal lobe, but
Hypometabolism > Tauopathy in the frontoparietal lobe. This group was older and had higher CVRF than Tau-predominant
patients. Patients with more negative associations between tau and metabolism were younger, had worse cognition, and
greater amyloid and WMH burdens.
Conclusions: Tau-FDG comparison can help suspect non-AD pathologies in patients presenting cognitive complaints.
Stronger Tau-FDG correlations are associated with younger age, worse cognition, and greater amyloid and WMH burdens.
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INTRODUCTION

Alzheimer’s disease (AD) is the leading cause of
dementia worldwide as it may contribute to 60 to 70%
of the cases according to the World Health Orga-
nization [1]. AD is defined by the presence of two
neuropathologies containing aggregated amyloid-�
and tau proteins [2]. However, many patients with a
clinical diagnosis of AD, or an amnestic dementia
syndrome, have additional pathologies, such as cere-
brovascular disease [3], TDP-43 proteinopathy [4],
alpha-synucleinopathy [5], or prion diseases [6]. The
generic term of “non-AD pathologies” is used when
the presence of amyloid and tau pathologies has been
excluded, whereas the term “mixed pathologies” is
preferred when AD and non-AD pathologies are both
observed.

To this day, radiotracers to disclose AD pathol-
ogy in vivo using positron emission tomography
(PET) have been developed. However, non-AD or
mixed pathologies cannot be disclosed with spe-
cific tracers yet. [18F]-Fluorodeoxyglucose (FDG)
PET is a non-specific biomarker of AD that
was suggested to disclose non-AD pathologies as
well [7]. In AD, tau pathology was shown to
mirror brain hypometabolism and clinical symp-
toms [8]. However, posterior cingulate and parietal
hypometabolism is often observed in early AD cases
[9, 10] whereas tauopathy typically starts in the
medial temporal lobe [11]. One hypothesis is the
presence of non-AD pathologies in the parietal lobe,
in addition to AD pathology in the medial temporal
lobe. An alternative explanation is a disconnection
between the medial temporal lobe where tau pathol-
ogy starts and the parietal lobe where metabolism
decreases early [12]. Thus far, several studies directly
compared FDG and Tau-PET scans in the framework
of AD [7, 8, 13–16]. One interesting observation is
the important heterogeneity in the Tau-PET [17] and
FDG-PET [18] patterns observed in the AD spec-
trum that are only partially correlating, suggesting
that other pathologies than amyloid and tau contribute
to brain metabolism [7].

In this study, we sought to evaluate whether the
mismatch between FDG and tau-PET images can
inform clinicians about the possibility of non-tau neu-
ropathologies (either in isolation or in combination
with AD pathology) in patients attending Memory
Clinics with cognitive complaints. To this end, we
compared Tau-PET and FDG-PET images acquired
in patients attending the Memory Clinic to distin-
guish tau-related from tau-unrelated hypometabolism

using a data-driven approach blinded to clinical
diagnoses. Specifically, our goal was to identify
and characterize subgroups of patients with a pre-
dominantly hypometabolic pattern, suggestive of
non-tau, or mixed pathologies from a group of
patients with predominant tau pathology, suggest-
ing AD. Thereto, we used a second-generation tau
PET radiotracer, namely [18F]-MK-6240 Tau-PET,
that was not previously compared to FDG-PET.
Regional associations between tau burden and cere-
bral metabolism were subsequently correlated with
the patients’ demographics, cognition, cerebrospinal
fluid (CSF) biomarkers, cardiovascular risk fac-
tors, and white matter hypointensities (WMH)
volumes.

METHODS

Participants

Sixty-one patients having consulted the Saint-Luc
Memory Clinic in Brussels for cognitive complaints
(age 48–90) and 60 clinically normal (CN, age
57–86) volunteers recruited by advertisements were
enrolled in a monocentric study including FDG-
PET to assess brain metabolism and [18F]-MK-6240
Tau-PET to estimate tau burden. CN volunteers’
data were here mainly used as reference for the
regional tau burden and brain metabolism quantifica-
tions. Patients were recruited between June 2019 and
September 2022. Exclusion criteria were focal brain
lesions, major depression or psychiatric diseases,
alcohol or drug abuse, and autosomal-dominant
mutations (PS1, PS2, and APP), which were sys-
tematically searched for in patients younger than 65
years. The study was approved by the local ethics
committee (Eudra-CT number: 2018-003473-94).
Written informed consent was obtained from each
participant.

Neuropsychological assessment

Each participant underwent a neuropsychological
assessment evaluating four cognitive domains: mem-
ory (Free and Cued Selective Reminding Test, French
version [19]), language (Lexis Naming Test, the Cate-
gory Fluency Test for animals, and the Letter Fluency
Test for the letter ‘P’ [20]), executive functions (Trail
Making Test, Luria’s Graphic Sequences (adaptations
in French, unpublished)), and the visuospatial func-
tions (Clock Drawing Test and the Praxis part of the
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CERAD battery [21, 22]). Each domain was assessed
based on three measures (for further details about
cognitive testing, see [23]). A cognitive domain was
considered impaired if performance felt below the
10th percentile of an independent sample (composed
of 32 clinically normal individuals who remained
cognitively stable over an eight-year period) on at
least two out of the three measures. Z-score were also
computed for each cognitive domain by referring to
the same independent sample of 32 clinically normal
individuals and averaged to create a global cogni-
tive z-score [23]. On average, neuropsychological
assessments were realized 0.39 year (±0.69) after the
FDG-PET acquisition, 0.22 year (±0.44) before Tau-
PET acquisition, and 0.08 year (±0.52) before the
mean acquisition date between the two PET modali-
ties.

Patients were classified by two experienced neu-
rologists as having: 1) dementia according to the
DSM-V criteria for major neurocognitive disor-
der [24], 2) mild cognitive impairment as defined
by a Mini-Mental State Examination (MMSE)
score ≥ 24/30 and at least one impaired cognitive
domain (MCI), or 3) subjective cognitive impairment
(SCI) when performance on all four domains was
in the normal range. According to these criteria, the
patients group was composed of 17 demented indi-
viduals (28%), 39 MCI patients (64%) and 5 SCI
patients (8%).

CN volunteers (mean age: 69.2 ± 6.6, 53% female)
had MMSE ≥ 27/30 (26/30 if education < 12 years),
normal neuropsychological testing according to the
abovementioned criteria, and global clinical demen-
tia rating = 0.

Brain MRI

3D T1-weighted images were recorded at 3T
(Signa Premier®, GE Healthcare) with a 48-channel
phased-array head coil. One hundred and ninety-six
sagittal slices were acquired using the follow-
ing parameters: TR/TE/FA 7.2 ms/2.9 ms/11◦; slice
thickness 1.2 mm; FOV 270 × 270 mm2; acquisi-
tion matrix 256 × 256; resolution 1.055 × 1.055 mm2

(acquisition); ASSET factor 1.75 (parallel imaging).
All images were processed through FreeSurfer Soft-
ware v.6 [25]. WMH lesion load (mm3) was extracted
from T1-weighted MRIs. WMH is identified by using
spatial intensity gradients across tissue classes [26,
27]. WMH values were log-transformed to account
for a positive skew.

Tau [18F]-MK-6240 PET

[18F]-MK-6240 (Cerveau Technologies,
Knoxville TN) is an investigational drug stud-
ied as second-generation cerebral tau tangles
imaging agent. Radiosynthesis was performed at
KULeuven (Prof. Van Laere) and shipped to our
clinic in less than an hour. Ninety minutes after
intravenous administration of [18F]-MK-6240 (target
activity 185 ± 5 MBq) a 30-min dynamic acquisition
(6x5-min frames) was performed on a Philips Vereos
digital PET-CT (Philips Healthcare). Images were
reconstructed using manufacturer’s standard recon-
struction algorithm (including attenuation, scatter,
decay correction, and time-of-flight information).
We used averaged-6x5 min standardized uptake
value ratios (SUVr) measures with partial volume
correction using a Point Spread Function (PSF)
reconstruction with a FHWM of 2–6 mm and the
cerebral white matter as reference region.

[18F]-Fluorodeoxyglucose PET

In addition to [18F]-MK-6240, all patients under-
went a 7-min list-mode FDG-PET according to
published guidelines [28] after intravenous injection
of FDG (target activity 146–185 MBq) as previ-
ously published [23]. Standardized uptake value ratio
(SUVr) was uncorrected for partial volume effects
and pons was used as reference region. FDG-PET
scans were acquired prior [18F]-MK-6240 PET scans,
with a mean gap difference of 0.62 ± 0.47 year.

PET-MRI coregistration

For all participants, MK-6240 and FDG-PET were
coregistrated using PetSurfer pipeline, a set of tools
within FreeSurfer for end-to-end integrated MRI-
PET analysis [29, 30]. We extracted data for the
68 cortical regions of interest (ROI) of the Desikan-
Killiany Atlas [26].

Cardiovascular risk factor index

A risk factor index for cardiovascular disease was
computed for each patient based on the SCORE2
algorithm (or SCORE2-OP for patients older than
70), recommended by the European Society of Car-
diology [31, 32].
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Statistics

To compare regional FDG and Tau-PET signals,
we computed FDG and tau z-scores in each ROI by
referring to the CN volunteers’ data and using the
following equation: Zpatient = (SUVrpatient – average
SUVr CN)/SD SUVr CN. Several analyses were then
performed based on these z-scores.

First, we computed Pearson’s correlation coeffi-
cients between the FDG z-scores and the tau z-scores
across all patients for each of the 68 ROIs, to assess
the regional associations between hypometabolism
and tau pathology. In some analyses, we distin-
guished the 18 regions of the temporal lobe from the
42 regions of the frontoparietal lobe, including the
cingulate gyrus and the insula, as we assumed that the
association between tau burden and brain metabolism
may be different in the temporal lobe, where AD tau
pathology is known to start, in comparison to the fron-
toparietal lobe where cerebrovascular pathology or
other neuropathologies may be more frequent.

Second, we compared patients’ z-scores to CN vol-
unteers’ z-scores in the temporal and frontoparietal
lobes for each PET modality to assess whether signifi-
cant tau burden or hypometabolism could be detected
in each lobe at the group level in patients.

Third, paired t-tests were implemented to compare,
within the patient group, FDG z-scores and tau z-
scores in the temporal and frontoparietal lobes to test
for predominance of tauopathy or hypometabolism in
each lobe at the group level.

Fourth, paired t-tests were applied at the indi-
vidual level to compare FDG and tau z-scores
and determine which of these biomarkers was
predominant in the temporal and frontoparietal
lobes in each patient. Patients were then clas-
sified into the four following possible groups:
1) Hypometabolism > Tauopathy in both lobes,
2) Hypometabolism ≤ Tauopathy in both lobes, 3)
Hypometabolism > Tauopathy in the temporal but
Hypometabolism ≤ Tauopathy in the frontoparietal
lobe, and 4) Hypometabolism ≤ Tauopathy in the
temporal but Hypometabolism > Tauopathy in the
frontoparietal lobe. Thereafter, these groups were
compared for age, sex, education, apolipoprotein
�4 carriage, CSF results (t-tau, A�42), MMSE,
global cognitive performance, WMH volumes and
cardiovascular risk factor scores to determine
whether groups with suspected non-tau pathology
(Hypometabolism > Tauopathy) had different charac-
teristics than groups with suspected AD tau pathology
(Hypometabolism ≤ Tauopathy).

Fifth, we computed within-patient correlation
coefficients to quantify for each patient the associa-
tion between the FDG z-scores and the tau z-scores in
the temporal and frontoparietal lobes. We then tested
whether these coefficients were significantly negative
(thereby suggesting tau-related hypometabolism) or
not significantly different from 0 (thereby suggesting
tau-unrelated hypometabolism) across all patients as
well as in each patient group. Finally, we assessed the
associations between these within-patient Tau-FDG
correlation coefficients and patients’ demographics,
cognition, cardiovascular risk factors, CSF biomark-
ers, and WMH volumes.

Statistical analyses were computed with the Stats
package available in R software v4.2.2 [33]. Group
differences were assessed using the following R
functions: shapiro.test to evaluate sample for nor-
mality and var.test for homogeneity of variances.
Based on the results, two-sample t-tests or wilcoxon
tests were computed using the t.test and wilcox.test
functions. Proportion differences and correlations
were respectively computed using the prop.test and
cor.test functions. We did not include covariates in
our analyses. Adjusting for education, age, and sex
in the analyses implying cognition and WMH did not
change our results.

RESULTS

Regional correlations between metabolism and
tau burden in patients

We first correlated tau z-scores with FDG z-scores,
in each region of the 68 cortical ROIs, to evaluate
the regional associations between tau burden and
cerebral metabolism in the entire sample of patients
(n = 61). The average Pearson’s correlation across all
regions was close to significance (–0.25, p = 0.052).
More precisely, 37 out of the 68 cortical ROIs (54%)
demonstrated significant negative Tau-FDG associa-
tions (Pearson’s R < –0.25, p < 0.05, Fig. 1, yellow),
including 16 of the 18 temporal regions (89%), and 19
of the 42 frontoparietal regions (45%). After Bonfer-
roni correction for multiple comparisons (R < –0.42,
uncorrected p < 0.0007, corrected p < 0.05, Fig. 1,
dark orange and red), the FDG z-scores were still
negatively associated with tau z-scores in five
regions: the bilateral inferior temporal neocortex,
the bilateral temporal pole, and the left insula. No
significant positive association between FDG and
tau was found in any ROI (max. r = 0.14, positive
R in the left post-central, right paracentral gyri, and
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Fig. 1. Between-Patients local Tau-FDG correlations in the whole cortex. The Pearson correlation coefficient between tau burden and glucose
metabolism across the 61 patients are plotted in the 68 regions-of-interest. Associated p-values are provided for information. Red and dark
orange regions withstand Bonferroni correction, (r < –0.42, p < 0.001). Yellow regions are statistically significant at p = 0.05. Green regions
demonstrated marginally significant correlations between tau burden and glucose. Blue regions present an absence of association. This
illustration was realized with the ggseg package in R [49].

bilateral transverse, Fig. 1, blue). After adjusting
analyses for CSF A�1-42, education, age, and sex,
the FDG and tau PET signals were significantly
associated in the temporal lobe (p = 0.001), and in
the frontoparietal lobe (p = 0.002). CSF A�1-42 and
education were non-significant predictors of FDG
data, men had lower FDG only in the temporal
whereas FDG decreased with age in both lobes.

Regional tau and metabolism differences
between patients and CN volunteers

Within the temporal lobe, both FDG and tau z-
scores were significantly different between patients
and CN volunteers (Table 1, left column titled “All
patients”). In the frontoparietal lobe, the metabolism
was lower in patients than in CN volunteers, while tau
burden did not significantly differ between groups.

Group-level differences between regional tau
burden and metabolism in patients

Among patients, tau z-scores were significantly
greater than FDG z-scores (expressed in absolute
values) in the temporal lobe, demonstrating greater
tauopathy than hypometabolism. In contrast, in the
frontoparietal cortex, FDG z-scores were greater than
tau z-scores.

Patient classification based on the predominant
PET-biomarker

We used paired t-tests to evaluate whether each
patient had greater hypometabolism than tauopathy
or greater tauopathy than hypometabolism, in
the temporal and frontoparietal lobes. Thirteen
patients of 61 (21%, Table 1) had significantly
greater hypometabolism than tau pathology in
both lobes (group subsequently referred to as
“FDG-predominant”). Twenty-five patients (41%)
had either greater tau z-scores than FDG z-scores
in both lobes or tau z-scores that did not statis-
tically differ from FDG z-scores. This group is
subsequently referred to as “Tau-predominant”
(while also including patients with tau-dependent
hypometabolism). Finally, twenty-three patients
(38%) had tau burden greater than hypometabolism
in the temporal lobe, but greater hypometabolism
than tau pathology in the frontoparietal lobe
(group subsequently referred to as “Inconsistent
pattern”). The opposite pattern was not observed,
i.e., individuals who had tau pathology greater than
hypometabolism in the frontoparietal lobe always
had tau pathology greater than hypometabolism in
the temporal lobe. Of note, the Tau-predominant
group had significant hypometabolism compared
to CN volunteers in both lobes, whereas the FDG-
predominant group did not demonstrate significantly
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Table 1
Comparison of FDG-predominant, Inconsistent pattern, and Tau-predominant groups

Mean ± SD All patients Group 1 FDG-predominant Group 2 Inconsistent pattern Group 3 Tau-predominant p (Group p (Group p (Group
(min/max) 1 versus 2) 2 versus 3) 1 versus 3)
N 61 13 23 25

Frontoparietal Tau
(z-score)

0.78 (±2.04) (–2.53/6.18) –0.64 (±0.64) (–1.53/0.78) –0.26 (±0.82) (–2.53/1.11) 2.48 (±2.10) AB (–0.57/6.18) 0.162 <0.001 <0.001

Temporal Tau (z-score) 2.81 (±2.83) AB (–1.78/13.34) –0.32 (±0.71) (–1.78/0.77) 3.06 (±2.05) AB (–0.01/7.39) 4.21 (±2.90) AB (0.39/13.34) <0.001 0.150 <0.001
Frontoparietal FDG

(z-score)
–1.52 (±0.85) AB (–3.07/0.54) –1.75 (±0.79) AB (–2.8/–0.68) –1.66 (±0.71) AB (–3.07/0.05) –1.27 (±0.96) A (–3.06/0.54) 0.732 0.123 0.136

Temporal FDG (z-score) –1.23 (±0.92) A (–3.29/1.07) –1.20 (±0.70) AB (–2.95/–0.26) –1.40 (±0.82) A (–3.29/0.36) –1.08 (±1.09) A (–3.08/1.07) 0.454 0.248 0.716
Age (y) 71.42 (±8.42) (47.81– 90.37) 71.37 (±8.69) (57.44–90.37) 76.45 (±6.4) (56.22/87.25) 66.82 (±7.45) (47.81/82.76) 0.031 <0.001 0.100
Male Sex: N (%) 33 (54%) 11 (85%) 10 (43%) 12 (48%) 0.016 0.753 0.028
Education (y) 15.54 (±4.01) (6–18) 17.08 (±2.25) (12–18) 14.09 (±4.65) (6/18) 16.08 (±3.76) (6/18) 0.044 0.092 0.502
�4 carriers: N (%) 25 (56%) 5 (45%) 8 (53%) 12 (63%) 0.691 0.563 0.346
MMSE (/30) 24.92 (±4.38) (12–30) 26.85 (±3.93) (15/30) 24.87 (±3.84) (16/30) 23.96 (±4.86) (12/30) 0.034 0.748 0.054
Global Cognitive

(z-score)
–1.53 (±1.07) (–4.22/0.39) –1.11 (±0.98) (–2.66/0.39) –1.54 (±0.97) (–3.61/–0.2) –1.75 (±1.19) (–4.22/0.21) 0.228 0.521 0.120

Cardiovascular Risk
Factor (% risk over 10
years)

9.27 (±5.34) (1/32) 10.15 (±7.79) (2/32) 11.00 (±4.68) (1/19) 7.12 (±3.53) (2/16) 0.255 0.002 0.285

Log-transformed WMH
(mm3)

8.09 (±0.80) (6.61/10.52) 8.26 (±0.86) (7.34/10.31) 8.08 (±0.81) (6.61/10.52) 8.01 (±0.77) (6.85/10.08) 0.555 0.769 0.390

Total Tau (pg/ml) 571.25 (±363.78) (93/1952) 479.38 (±408.17) (134/1590) 579.00 (±406.16) (137/1952) 614.54 (±303.71) (93/1288) 0.250 0.465 0.089
CSF A�42 (pg/ml) 532.42 (±271.02) (115–1369) 711.85 (±340.82) (299–1369) 491.25 (±228.34) (226/1174) 469.54 (±226.65) (115/1029) 0.045 0.637 0.014
CSF positivity for AD: N

(%)
32 (52%) 2 (15%) 12 (52%) 18 (72%) 0.030 0.156 <0.001

Frontoparietal Tau-FDG
Correlation

–0.10 (±0.35) C (–0.79/0.60) 0.00 (±0.25) (–0.41/0.47) 0.01 (±0.33) (–0.65/0.6) –0.25 (±0.37) C (–0.79/0.56) 0.896 0.012 0.035

Temporal Tau-FDG
Correlation

–0.27 (±0.35) CD (–0.80/0.45) –0.13 (±0.34) (–0.79/0.42) –0.13 (±0.35) (–0.76/0.45) –0.47 (±0.26) CD (–0.8/0.03) 0.966 <0.001 0.003

ASignificant difference between and CN (p < 0.05). BSignificant difference between PET z-scores within the same region (p < 0.05). CZ-score is significantly different from 0 (p < 0.05). DTau-FDG
correlation is significantly different between regions (p < 0.05). NA, not available. E4 carriers (16 NA), Global Cognitive z-score (4 NA), Cardiovascular Risk Factor scores (1 NA), Log-transformed
WMH (1 NA), CSF quantifications (4 NA). CSF positivity for AD is defined by a Total Tau/A�42 ratio > 1.1 [47]. For the missing CSF quantifications, CSF positivity was defined based on the
[18F] flutemetamol A�-PET Centiloid Score (cut-off > 25) [48].
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Fig. 2. Temporal and Frontoparietal Tau versus FDG in Patients. CSF positivity is defined by a Total Tau/A�42 ratio > 1.1 [47]. Group legend:
Tau-predominant corresponds to Tau ≥ FDG both in the temporal and in the frontoparietal. Inconsistent corresponds to Tau ≥ FDG in the
temporal and Tau < FDG in the frontoparietal. FDG-predominant corresponds to Tau < FDG both in the temporal and in the frontoparietal
lobe.

elevated tau pathology compared to CN volunteers
in any lobe (tau z-scores not significantly different
than zero; Table 1, top lines).

When plotting tau versus FDG z-scores, an asso-
ciation between PET-modalities was observed in the
Tau-predominant group whereas it was not observed
in the FDG-predominant group. Individuals with an
Inconsistent pattern demonstrated a Tau-FDG associ-
ation in the temporal, but not in the frontoparietal lobe
(Fig. 2). Grouping patients based on frontal and pari-
etal lobes separately did not change overall results.
This sensitivity analysis is provided in the Supple-
mentary Material.

Comparison of FDG-predominant,
Tau-predominant, and Inconsistent pattern
patient groups

Tau-predominant patients were younger and more
frequently females than those with an FDG-
predominant pattern (Table 1). They also had more
abnormal AD CSF biomarkers (significantly lower
A�42, marginally higher total tau CSF concentra-
tions). In contrast, the Inconsistent pattern group was
older and presented higher cardiovascular risk factor
scores compared to the Tau-predominant group. This
result was also observed when restricting the sample
to patients with positive AD CSF biomarkers (AD-
CSF+): AD-CSF+ patients with hypometabolism
exceeding tau in the frontoparietal lobe (Inconsistent
pattern) were older and had a higher cardiovascular

risk score than AD-CSF+ Tau-predominant patients.
The comparison with the FDG-predominant group
was not possible in AD-CSF+ patients because only
two AD-CSF+ patients had greater hypometabolism
than tau pathology in the temporal lobe, indicating
that this group mostly included patients with negative
CSF. All groups presented similar WMH volumes.
Across all patients, the cardiovascular risk factor
was positively correlated with the whole brain WMH
(r = 0.32, p = 0.020). However, while higher cardio-
vascular risk factor scores were not significantly
associated with the Tau-FDG association (r = 0.09,
p = 0.484), higher WMH were significantly associ-
ated with a greater Tau-FDG association (r = –0.30,
p = 0.022).

Overall, these results indicate that FDG-
predominant patients were less likely to have AD
pathology whereas co-existence of frontoparietal
hypometabolism and temporal lobe tau deposition
was observed in older individuals with higher
cardiovascular risk factor scores.

Within-patient correlations between tau burden
and metabolism

To quantify the associations between tau bur-
den and metabolism at the individual level, we
correlated, for each patient separately, the tau z-
scores with the FDG z-scores obtained in each
lobe. Across all patients, the Tau-FDG correla-
tion was significantly negative in the temporal
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Fig. 3. Associations between Tau-FDG PET Signal Correlations and Covariables. Dashed lines represent the threshold for significant
correlation. AD CSF positivity is defined by a Total Tau/A�42 ratio > 1.1 [47].

lobe (r = –0.27 [CI95 = –0.36, –0.18], one sample t-
test = –5.9, p < 0.001), and to a lesser extent, in the
frontoparietal lobe (r = –0.10, [CI95 = –0.19, –0.01],
one sample t-test = –2.2, p = 0.035).

Patients from the Tau-predominant group had a
significant negative correlation coefficient between
tau burden and metabolism in both lobes (Table 1,
bottom lines), indicating that they had tau-dependent
hypometabolism in both these regions. The strength
of this correlation was higher for the temporal
lobe than for the frontoparietal lobe. In contrast,
the correlation between tau burden and cerebral
metabolism was not significantly different from 0 for
patients in the FDG-predominant nor the Inconsis-
tent pattern groups, suggesting that these patients had
tau-unrelated hypometabolism.

Associations between the Tau-FDG
within-patient correlations and patients’
characteristics

In the temporal lobe, the strength of the Tau-
FDG correlation was associated with younger ages
(r = 0.36, Fig. 3), lower amyloid concentration in
the CSF (r = 0.27), and worse cognition (r = 0.37).
A negative Tau-FDG correlation index in the fron-
toparietal lobe was associated with younger ages
(r = 0.30) and worse cognition (r = 0.49), but the asso-
ciation did not reach significance for amyloid levels in
the CSF.

DISCUSSION

This study aimed to compare FDG- and Tau-PET
data to provide information about the presence of
non-AD pathologies in patients with variable levels
(or absence) of AD pathology. Among all patients,
we observed that tauopathy was mainly associated
with brain hypometabolism in the temporal lobe, as
hypothesized based on the sequence of tau progres-
sion in AD [34]. At the individual level, we observed
different patterns of tau and FDG biomarkers that
could classify patients in three groups with different
demographics and CSF AD biomarkers positivity, but
similar levels of global cognitive impairment.

First, patients with a tauopathy-predominant
pattern (of biomarker) demonstrated a negative asso-
ciation between tau burden and cerebral metabolism
in the temporal and frontoparietal lobe. The strength
of this correlation was associated with younger ages,
worse cognition, and lower levels of amyloid in
the CSF, suggesting that the tauopathy-predominant
group mainly suffers from AD pathology (72% based
on CSF data only).

Second, patients with a hypometabolism-
predominant pattern did not significantly from the
CN volunteers for the temporal and frontoparietal
tau burden. Moreover, in this group, there was
no significant association between tau burden and
hypometabolism in any cortical region. This group
was more frequently males, had normal CSF A�42
concentration at the group level, and low prevalence
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of AD positivity in the CSF (15%). These results sug-
gest that patients with hypometabolism-predominant
probably have non-tau pathologies that could explain
brain hypometabolism and cognitive impairment.

Third, we observed a group of patients with
an Inconsistent pattern of biomarkers depending
on the brain regions analyzed. These patients had
a Tau-predominant pattern in the temporal lobes,
but with a hypometabolism-predominant pattern
in the frontoparietal lobe. The opposite pattern
(frontoparietal tau predominance with temporal
hypometabolism predominance) was however never
observed. This Inconsistent pattern may suggest
a functional disconnection between the temporal
lobe (with tau pathology) and the frontoparietal
lobe (with hypometabolism). The brain operates
as a highly interconnected network of regions,
thus hypometabolism might result from disruptions
in functional connectivity or network integrity. If
specific brain regions are affected due to under-
lying pathologies or neurodegenerative processes,
brain connectivity between those regions and distal
regions might be compromised, leading to decreased
metabolic activity in the distal regions. Brain dis-
connection, as measured using functional MRI or
diffusion imaging, was shown to decrease brain
metabolism [12, 35], specifically in the posterior
cingulate [36], a region that was included in the fron-
toparietal lobe in the present work. While we did not
use connectivity metrics in the present study, it repre-
sents a plausible factor contributing to frontoparietal
decreased metabolism.

We cannot exclude however the contribution of
non-AD pathologies in addition to the presence of
AD pathology in the temporal lobe to explain the
frontoparietal hypometabolism. Of note, this group
of patients (i.e. one displaying an Inconsistent pat-
tern) was older and had higher cardiovascular risk
factor scores than patients with higher tau in the fron-
toparietal lobe, increasing the likelihood of mixed
pathologies, as suggested by the neuropathologi-
cal literature [37]. We observed that with older
ages the strength of the association between tau
and metabolism decreased, also suggesting the onset
of non-tau or mixed pathologies to explain brain
hypometabolism. Previous work showed that car-
diovascular risk factor scores is associated with
cerebrovascular pathologies [38] and a greater risk
of cognitive decline in older adults [39].

However, there is evidence in the literature of
associations between amyloid and white matter
hyperintensities [40]. Furthermore, the association

observed between WMH volumes and the Tau-FDG
correlation is in line with a post-mortem study report-
ing association between cortical tau load and white
matter lesions [41]. The link between AD patholo-
gies and vascular pathology are thus complex, and
they are not two independent pathologies. As WMH
represents only one type of co-pathology, its exact
contribution among all co-pathologies present in our
sample is difficult to analyze given that we have no
biomarkers for the other pathologies. The overall neg-
ative association between age and Tau-FDG might
thus result from a higher prevalence of other types
of co-pathologies than WMH, and it is not incompat-
ible with a positive association between WMH and
Tau-FDG.

In this study, we specifically focused on the tem-
poral sequence of events in typical AD cases in
which tau pathology is likely to accumulate before
metabolism starts declining. However, as phenotypes
determine the hypothesized sequence of progression,
their heterogeneity is worth noting. For example,
patients displaying greater brain hypometabolism
than tauopathy in the temporal lobe may reflect
an underlying Limbic-predominant Aged-related
TDP-43 Encephalopathy (LATE) [4]. Furthermore,
different regional variants of AD may be present in
our cohort. Among others, the dysexecutive variant
of AD is known for significant extra-temporal tau
accumulation, particularly in frontoparietal regions.
However, in some cases, the hypometabolism may
be less pronounced in both magnitude and spa-
tial extent [42, 43]. Therefore, dysexecutive cases
might exhibit a stronger frontoparietal Tau-FDG
relationship compared to typical cases. Similarly,
non-amnestic syndromes are likely to have their own
distinctive Tau-FDG relationships. Beyond clinical
phenotypes, additional factors such as regional PET
tracer saturation capacity, patients’ resilience, or the
disease’s phase could also impact the Tau-FDG asso-
ciation. Investigating Tau-FDG associations in the
frontal and parietal lobes separately did not modify
our results (See Supplementary Material 2, Supple-
mentary Figure 1).

A better understanding of the contribution of
clinical and pathological heterogeneity in neurode-
generative diseases is needed to include more
homogeneous population in clinical trials [44]. Our
results advocate for the inclusion of younger partic-
ipants in trials targeting amyloid or tau, as older age
appears to be the main driver of non-AD patholo-
gies. This would decrease the likelihood and severity
of mixed pathology in screened individuals, await-
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ing the development of new biomarkers allowing the
implementation of new exclusion criteria.

Limitations and future directions

We cannot ascertain the presence of non-AD or
mixed pathologies given the absence of biomark-
ers for several neuropathologies, such as TDP-43,
alpha-synuclein, or several non-AD tauopathies as
MK-6240 seems to mostly bind certain tau isoforms
(AD 3 R/4 R) [45]. Future work could use MRI to
investigate the associations of cerebrovascular dis-
ease and brain metabolism, although cardiovascular
risk factor scores was shown to be more strongly asso-
ciated with subsequent cognitive decline than white
matter hyperintensities on T1 images [39]. The devel-
opment of better cerebrovascular biomarkers would
facilitate the study of these pathologies and their con-
tribution to cognitive decline in patients attending the
Memory Clinic.

Besides non-AD pathologies, several non-AD neu-
rodegenerative diseases involve tau pathology, such
as frontotemporal lobar degeneration, corticobasal
degeneration, and progressive supranuclear palsy.
The affinity of our tau tracer, [F18]-MK-6240, for
non-AD tau, is currently being investigated. If the
tracer does not bind a specific type of non-AD tau
aggregate, the patients are probably considered as
FDG-predominant. On the contrary, if the tracer binds
to these non-AD tau aggregates, these patients may
have been included in the Tau-predominant group and
explain why a minority of patients in this group did
not demonstrate amyloid pathology in the CSF. Fur-
thermore, off-target binding in the skull and meninges
could have been more prominent in the control group
than within patients, explaining the higher frequency
of patients with lower tau z-scores than controls in the
temporal lobe compared to the frontoparietal lobe.

A limitation of our approach is that we grouped
patients with tau pathology exceeding or equal to
brain hypometabolism altogether. This means that
patients with little abnormalities on both FDG and
tau biomarkers were included in the Tau-predominant
group and/or the group displaying an Inconsistent
pattern. This could have decreased the differences
between these two groups. We preferred this approach
to provide more guarantees that patients with an
FDG-predominant pattern had a (non-tau) pathology.
Yet, excluding patients with equal abnormalities on
both biomarkers did not modify any of our conclu-
sions, although it reduced statistical power.

Due to our limited sample size, we decided not to
compare PET modalities on more than two regions
of interest. Future studies benefiting from a greater
number of patients could base their analyses on a
higher number of parcellated brain regions. For exam-
ple, a recent study showed that an autopsy-derived
temporo-limbic FDG-PET signature was able to iden-
tify older amnestic patients whose clinical, genetic,
and molecular biomarker features are consistent with
underlying LATE [46]. The addition of functional
MRI or DTI connectivity metrics to FDG and Tau-
PET could help distinguish between the effects of
disconnection and the contribution of mixed patholo-
gies to explain frontoparietal hypometabolism in the
presence of temporal tauopathy.

Conclusions

To date, identifying mixed pathologies in patients
within the AD continuum remains a challenge, caused
by the increasingly recognized heterogeneity of the
disease [17, 18] and the insufficient number of reli-
able biomarkers to ascertain the existence of non-AD
pathologies in-vivo. To address this question, we
grouped patients based on their predominant abnor-
mality on one of two biomarkers (i.e., Tau-PET and
FDG-PET) both in the temporal and the frontoparietal
lobe. This classification allowed to suspect the pres-
ence of non-AD pathologies in patients with greater
hypometabolism than tau pathology in the tempo-
ral lobe; and the presence of mixed-pathologies or a
disconnection syndrome in patients with frontopari-
etal hypometabolism. Stronger Tau-FDG correlations
were associated with younger age, worse cognition,
greater amyloid burden, and higher WMH volumes.
Our results suggest including younger participants in
trials targeting amyloid or tau, as older age appears
the main driver of non-AD pathologies. Mean-
while, distinguishing disconnection effects from the
presence of co-pathologies require additional work
with connectivity analyses and the development of
biomarkers specific for non-AD pathologies.
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