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Does posterior cingulate hypometabolism result from
disconnection or local pathology across preclinical and clinical
stages of Alzheimer’s disease?

Stefan Teipell-2, Michel J. Grothe?, and for the Alzheimer’s Disease Neuroimaging Initiative
1Department of Psychosomatic Medicine, University of Rostock, Rostock, Germany

2DZNE, German Center for Neurodegenerative Diseases, Gehlsheimer Str. 20, 18147 Rostock,
Germany

Abstract

Purpose—~Posterior cingulate cortex (PCC) hypometabolism as measured by FDG PET is an
indicator of Alzheimer’s disease (AD) in prodromal stages, such as in mild cognitive impairment
(MCI), and has been found to be closely associated with hippocampus atrophy in AD dementia.
We studied the effects of local and remote atrophy and of local amyloid load on the PCC
metabolic signal in patients with different preclinical and clinical stages of AD.

Methods—We determined the volume of the hippocampus and PCC grey matter based on
volumetric MRI scans, PCC amyloid load based on AV45 PET, and PCC metabolism based on
FDG PET in 667 subjects participating in the Alzheimer’s Disease Neuroimaging Initiative
spanning the range from cog-nitively normal ageing through prodromal AD to AD dementia.

Results—In cognitively normal individuals and those with early MCI, PCC hypometabolism was
exclusively associated with hippocampus atrophy, whereas in subjects with late MCI it was
associated with both local and remote effects of atrophy as well as local amyloid load. In subjects
with AD dementia, PCC hypometabolism was exclusively related to local atrophy.

Conclusion—Our findings suggest that the effects of remote pathology on PCC hypometabolism
decrease and the effects of local pathology increase from preclinical to clinical stages of AD,
consistent with a progressive disconnection of the PCC from downstream cortical and subcortical
brain regions.

Stefan Teipel: stefan.teipel@med.uni-rostock.de.
Conflicts of Interest None.
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Introduction

Posterior cingulate cortex (PCC) hypometabolism has repeatedly been identified as an early
marker of Alzheimer’s disease (AD) on FDG PET examinations [1, 2]. Several studies have
indicated that the metabolic reduction in the PCC in AD dementia is related to disrupted
input from connected regions that undergo early atrophy in the course of AD, such as the
hippocampus [3, 4]. This notion is supported by the association between PCC
hypometabolism in AD dementia and atrophy of the cingulate bundle that connects the PCC
and the hippocampus [5-7]. A potential pathophysiological mechanism for this association
has been found in previous PET studies demonstrating remote effects of a regional lesion on
neuronal metabolism in distant brain structures, such as in crossed cerebellar diaschisis after
supratentorial stroke [8, 9], or reduced PCC metabolism after experimentally induced medial
temporal lobe lesions in monkeys [10]. However, PCC hypometabolism in AD dementia
may also be reflective of pathological processes within the PCC itself, such as local grey
matter (GM) atrophy or amyloid toxicity [11, 12]. So far, the association between PCC
hypometabolism and local and remote effects of atrophy has mainly been studied in the
dementia stages of AD [3-5], but not yet in preclinical or prodromal stages of the disease.
Moreover, the relative contribution of local amyloid pathology to PCC hypometabolism has
not yet been studied in this context.

Based on the previous findings, we assumed that the PCC FDG PET signal represents a
convolution of local and remote pathological effects whose contributions vary across
different preclinical and clinical stages of AD. Here, we used combined structural MRI and
multitracer PET data from the ADNI to study the association between PCC hypometabolism
and local amyloid load and local and remote atrophy in a large sample of individuals
spanning the range from cognitively normal (CN) ageing through prodromal AD to AD
dementia.

Materials and methods

Data source

Data used in the preparation of this article were obtained from the ADNI database (http://
adni.loni.usc.edu/). The ADNI was launched in 2003 by the National Institute on Aging, the
National Institute of Biomedical Imaging and Bioengineering, the Food and Drug
Administration, private pharmaceutical companies and nonprofit organizations, with the
primary goal of testing whether neuroimaging and neuropsychological and other biological
measurements can be used as reliable in vivo markers of AD pathogenesis. A fuller
description of ADNI and up-to-date information is available at www.adni-info.org.
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Study participants

AV45 PET, FDG PETand structuralMRI scans were retrieved from the ADNI-GO and
ADNI-2 extensions of the ADNI project and included imaging data from 179 CN elderly
subjects (CN group), 269 subjects with mild cognitive impairment (MCI) in early stages
(early stage MCI, EMCI group), 134 subjects in later more advanced stages of MCI (LMCI
group) and 85 subjects in dementia stages of AD (AD group). The subjects’ demographics
are shown in Table 1.

Detailed inclusion criteria for the diagnostic categories can be found on the ADNI website
(http://adni.loni.usc.edu/methods/). Briefly, CN subjects have a MMSE score in the range 24
— 30 and a clinical dementia rating (CDR) of 0, and are nondepressed, non-MCI and
nondemented. EMCI subjects have a MMSE score in the range 24 — 30, a subjective
memory concern reported by the subject, informant or clini-cian, objective memory loss
measured in terms of education-adjusted scores on delayed recall (one paragraph from
Wechsler Memory Scale Logical Memory I1; education-adjusted scores 9 — 11 if >16 years
of age, 5 -9 if 8 — 15 years of age, and 3 - 6 if 0 — 7 years of age), a CDR of 0.5, absence of
significant levels of impairment in other cognitive domains, essentially preserved activities
of daily living, and absence of dementia. The diagnosis of LMCI differs from that of EMCI
only in a higher degree of objective memory impairment (education adjusted scores <8 if
>16 years of age, <4 if 8 — 15 years of age, <2 if 0 — 7 years of age). Subjects with AD
dementia have an initial MMSE score in the range 20 — 26, a CDR of 0.5 or 1.0, and fulfil
NINCDS-ADRDA criteria for clinically probable AD [13].

For additional analyses, CN and EMCI subjects were dichotomized into amyloid-low and
amyloid-high groups, using a cortex-to-whole cerebellum standardized uptake value ratio
(SUVR) threshold of >1.17 that has been suggested to be indicative of pathological levels of
amyloid associated with AD based on combined antemortem AV45 PET and postmor-tem
neuropathological examination [14]. Cortex-to-whole cerebellum AV45 SUVRs have been
calculated by one of the ADNI PET core laboratories (Jagust Lab, UC Berkeley [15]) and
are available for download on the ADNI server.

Imaging data acquisition

ADNI-GO/ADNI-2 MRI data were acquired on multiple 3-T MRI scanners using scanner-
specific T1-weighted sagittal 3-D MPRAGE sequences. In order to increase signal
uniformity among the multicentre scanner platforms, original MPRAGE acquisitions in
ADNI undergo standardized image preprocessing correction steps. AV45 and FDG PET data
were acquired on multiple instruments of various resolutions and following different
platform-specific acquisition protocols. Similar to the MRI data, PET data in ADNI undergo
standardized image preprocessing correction steps aimed at increasing data uniformity
among the multicentre acquisitions. More detailed information on the different imaging
protocols employed at the ADNI sites and standardized image preprocessing steps for MRI
and PET acquisitions can be found on the ADNI website (http://adni.loni.usc.edu/methods/).
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Imaging data processing

Imaging data were processed using statistical parametric mapping (SPM8; Wellcome Trust
Center for Neuroimaging) and the VBMB8 toolbox (http://dbm.neuro.uni-jena.de/vbm/)
implemented in MATLAB R2013b (MathWorks, Natick, MA).

MRI data processing—First, MRI scans were automatically segmented into GM, white
matter (WM) and cerebrospinal fluid (CSF) partitions of isotropic voxel size 1.5 mm using
the tissue prior free segmentation routine of the VBM8 toolbox. The resulting GM and WM
partitions of each subject in native space were then high-dimensionally registered to an
ageing/AD-specific reference template from a previous study [16] using DARTEL [17].
Structural brain characteristics change considerably with advancing age and in AD and
spatial registration accuracy worsens with deviation from the template characteristics,
rendering the MNI standard space template inappropriate for high-dimensional deformation-
based morphometry studies of aged and demented populations. Therefore, the reference
template in this study was derived using DARTEL by aligning 50 healthy elderly subjects
and 50 subjects with very mild, mild and moderate AD retrieved from an open access MRI
database (www.oasis-brains.org), and thus reflects unbiased ageing/AD-specific structural
characteristics. Individual flow fields resulting from the DARTEL registration to the
reference template were used to warp the GM segments and voxel values were adjusted for
volumetric changes introduced by the high-dimensional normalization, such that the total
amount of GMvolume present before warping was preserved.

PET data processing—Each subject’s AV45 and FDG PET scans were rigidly
coregistered to a skull-stripped version of the corresponding structural MRI scan and
corrected for partial volume effects (PVE). PVE correction was performed using the
algorithm proposed by Muller-Gértner et al. [18] and was implemented using MATLAB
scripts written in-house based on the image processing routines of SPM8. Briefly, the
algorithm consists of correcting the GM PET signal for both signal spill-out effects and
spill-in effects from the surrounding tissue. The PETsignal in WM and CSF compartments
was measured as the average signal within the individual WM and CSF partitions,
thresholded at 99 % tissue probability. Only regions with a GM probability of at least 50 %
were retained in the PVEcorrected AV45 and FDG PET scans. GM-specific PVEcorrected
PET scans in subject space were spatially normalized to the reference template (without
adjustment of voxel values) using the DARTEL flow fields derived from the registration of
the corresponding MRI scans. For voxel-based analyses the warped PET scans were
smoothed with a Gaussian smoothing kernel of 8 mm full-width at half-maximum.

Extraction of imaging features from hippocampus and posterior cingulate
regions of interest—Figure 1 shows the hippocampus and PCC regions of interest (ROISs)
projected onto the reference template. The hippocampal ROI mask was obtained by manual
delineation of the hippocampus in the reference template using the interactive software
package Display (McConnell Brain Imaging Centre at the Montreal Neurological Institute)
and a previously described protocol for segmentation of the medial temporal lobe [19].
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The ROI mask for the PCC was derived from the Harvard— Oxford structural brain atlas
[20]. The PCC label was highdimensionally warped into the reference space of this study
using DARTEL registration parameters of the MNI1152 template (the template space of the
Harvard—Oxford structural atlas), and the warped label was multiplied with a binary GM
mask of the reference template, thresholded at 50 % GM probability. Individual GM
volumes of the ROIs were extracted automatically from the warped GM segments by
summing the adjusted GM voxel values within the respective ROl masks in the reference
space. For further analysis, the extracted regional GM volumes were scaled by the total
intracranial volume, calculated as the sum of the total volume of the GM, WM and CSF
partitions.

Individual Av45 and FDG PET uptake values of the PCC were extracted from the warped
PET maps by averaging the voxel values within the intersection between the PCC mask and
the warped PET maps in the reference space. Mean regional FDG and AV45 PET uptake
values were converted to SUVRs by scaling to the mean uptake value within a mask of
cerebellar GM derived from the Hammers Maximum Probability atlas [21].

Between-group effects for age and education were evaluated using Student’s #test, for
MMSE score using the Mann— Whitney U'test, and for sex using the chi-squared statistic.
Metabolic, amyloid and volume measurements were compared between groups using
ANCOVA models, controlling for age and sex, with pair-wise follow-up tests using the post-
hoc Scheffé test. The main effects of hippocampus and PCC volumes and amyloid signal on
PCC metabolism and interaction effects with group were assessed in ANCOVA models
controlling for age and sex. Within each diagnostic group, associations between
hippocampus, PCC amyloid load and PCC GM volume with PCC metabolism were
determined using partial correlations controlling for age and gender. Separate models were
calculated for each diagnostic group and hemisphere. The squared partial correlation
coefficients were used as effect size estimates for the associations. When more than one
modality was significantly associated with PCC metabolism, partial correlation and the
Sobel test were used to test for a mediation effect.

Between-group effects

Between-group differences in demographic variables are shown in Table 1. In the ANCOVA
models, all volumetric and PET variables showed a significant overall effect across the four
groups (CN, EMCI, LMCI, AD dementia) at F(3, 663)>24, p<0.001. The post hoc pair-wise
analysis showed significant differences in hippocampus volumes among all the groups with
AD<LMCI<EMCI<CN for both hemispheres (p<0.023, post hoc Scheffé test). For the PCC,
GM volume effects were AD<LMCI<EMCI=CN for both hemispheres (p<0.017 for the
significant differences). Group effects for PCC metabolism were AD<LMCI<EMCI=CN for
both hemispheres (p<0.001 for the significant differences). The PCC amyloid signal was
AD>LMCI>EMCI=CN for both hemispheres (p<0.005 for the significant differences).

Eur J Nucl Med Mol Imaging. Author manuscript; available in PMC 2018 October 01.
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Association with PCC metabolism

For both hemispheres, the overall model showed significant main effects of hippocampus
and PCC volumes on the PCC metabolic signal (F(1, 648)>5.6, p<0.02), but no significant
main effect of the PCC AV45 PET signal (F(1, 648)<0.5, p>0.48). The interaction between
group and PCC volume on PCC metabolic signal was significant (F(3, 648)>4.8, p<0.002),
but there were no significant interaction effects of group by hippocampus volume or PCC
AV45 PET signal (F(3, 648)<2.1, p>0.10).

We followed this overall effect within each group. Squared partial correlation coefficients as
effect size estimates and levels of significance are shown in Table 2, and scatter plots of
group-specific effects are shown in Fig. 2. In the CN and EMCI subjects, for both
hemispheres only hippocampus volume was significantly associated with PCC metabolism.
In the LMCI subjects, hippocampus volume and PCC volume as well as AV45 PET signal
were significantly associated with PCC metabolism. In AD patients, for both hemispheres
only PCC volume was associated with PCC metabolism.

Only in the LMCI subjects did more than one modality contribute to the metabolic signal of
the PCC. Therefore, we restricted the mediation analysis to the LMCI group. After
controlling for the volumetric measures, the effect of AV45 PCC signal on FDG PCC signal
was lost, whereas the effect of both volumes (hippocampus and PCC) was retained after
controlling for the other volume and the AV45 signal. The Sobel test was significant (&
-2.65, p<0.01) for PCC GM volume mediating the local Av45 effect (Fig. 3). Hippocampus
volume was not a significant mediator of the local AvV45 effect (~=-1.83, p=0.066).

For further analysis the CN, EMCI and LMCI groups were stratified according to global
amyloid load. There were significant positive correlations between the AV45 PET signal and
the FDG PET signal in amyloid-low CN subjects in the right hemisphere (partial /=0.18,
p<0.05) and in amyloid-low EMCI subjects in both hemispheres (partial /=0.15 and 0.24 for
left and right, respectively; p<0.05). There were no significant effects in amyloid-high or
amyloid-low LMCI subjects, or in amyloid-high CN and EMCI subjects (Fig. 4). Only in
LMCI subjects was global amyloid load significantly negatively associated with local PCC
metabolic signal (partial /= -0.20, p<0.03, for both hemispheres), and not in the CN, EMCI
and AD dementia subjects.

Discussion

In our analysis, the contribution of local and remote pathological effects on the PCC
metabolic signal varied among CN, EMCI, LMCI and AD subjects. In CN and EMCI
subjects, the PCC metabolic signal was associated with hippocampus volume, but
independent of local amyloid load and atrophy. In LMCI subjects, with clinically more
advanced disease, remote atrophy and local amyloid load and atrophy contributed to the
PCC metabolic signal, whereas in AD subjects, only local atrophy was a significant
predictor of the PCC FDG PET signal. We discuss below the associations between PCC
hypometabolism and local and hippocampus atrophy, the inverse associations between PCC
metabolic signal and amyloid signal, and the positive associations between amyloid load and
metabolism in the PCC.

Eur J Nucl Med Mol Imaging. Author manuscript; available in PMC 2018 October 01.
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Our findings extend previous reports on the association between metabolic decline in PCC
and hippocampus atrophy in AD [3, 4]. Our findings suggest that this effect is
stagedependent: it is most pronounced in clinically healthy ageing and predementia stages
of AD, but is lost in clinically manifest AD dementia. In contrast, local atrophy was the only
significant determinant of the PCC metabolic signal in AD dementia patients, consistent
with a previous analysis of voxel-wise correlations between hypometabolism and atrophy in
20 AD dementia patients [22]. Local atrophy contributed to the metabolic signal in
individuals with advancedMCI stages, but not in those with early MCI or in clinically
healthy controls. In cognitively healthy controls, the association between hippocampus
volume and the PCC FDG PET signal suggests that PCC metabolic activity is coupled to the
activity of connected areas such as the hippocampus. This is in line with a large body of
evidence from resting-state functional MRI studies demonstrating a synchronous coupling of
intrinsic activity fluctuations in the medial temporal lobe and the PCC [23]. With advancing
stages of AD pathology, the PCC and hippocampus become increasingly disconnected as
shown by disruption of fibres of the cingulum bundle on diffusion tensor imaging [24, 25],
as well as an uncoupling of intrinsic activity fluctuations between the two sites in resting-
state functional MRI data [26, 27]. In these advanced stages, the influence from medial
temporal areas on PCC metabolism may be widely lost, and variations in PCC metabolism
may be mainly driven by local levels of atrophy. This interpretation also agrees with the
previous observation that the integrity of the cingulum bundle alters the functional
association between the hippocampus and PCC in AD dementia cases [5].

The local AV45 PET signal was inversely associated with PCC metabolism in subjects with
LMCI in this study. This contrasts with the findings of a study in a small sample of 21
subjects with MCI that showed no significant association between amyloid PET and FDG
PET signal in the PCC [28]; we could not find any other studies in subjects with MCI
addressing the local association between amyloid and FDG PET signal in the PCC. In
contrast to LMCI subjects, we found no significant associations between local amyloid load
and PCC metabolic signal in AD dementia subjects. This agrees with the findings of a study
in 20 AD dementia patients that showed only a small cluster of significant positive
voxelwise correlations in the PCC between amyloid and metabolic signal at an uncorrected
level of significance [22], and the findings of another study in 39 AD dementia patients that
showed no significant association between local amyloid and metabolism in a ROI-based
analysis [29]. Our finding contrasts with significant negative correlations between parietal
cortex amyloid and FDG PET signal found in two previous studies with small samples of 16
and 10 AD dementia patients, respectively [30, 31]. Two other studies showed an inverse
association between local amyloid and PCC metabolic signal [32, 33]. However, these
effects were assessed in combined groups of healthy controls, and MCI and AD dementia
patients, and thus may have been driven mainly by clinical group effects.

A previous study points to a potential mechanism that may account for the differences
between LMCI and AD dementia patients in the associations between PCC amyloid and
metabolic signal. AD dementia patients showed a moderate increase in goodness-of-fit of the
hypometabolic pattern with the spatial pattern of amyloid deposition when the FDG PET
scan after 2 years follow-up was compared with baseline amyloid scans [34]. These data
were interpreted as showing that the metabolic decline in AD dementia follows the regional

Eur J Nucl Med Mol Imaging. Author manuscript; available in PMC 2018 October 01.
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distribution of amyloid accumulation with some temporal delay. Amyloid load was shown to
increase linearly in preclinical and prodromal stages of AD, but to plateau in the dementia
stage of AD [35]. Such an effect would explain why we did not find a direct association
between local amyloid load and local FDG PET signal in a cross-sectional analysis of the
AD dementia patients: in AD dementia, the variation in local amyloid would no longer be
the driver of the variation in local glucose uptake at a given time-point. In contrast, in the
MCI stage of AD an association between local amyloid and FDG PET signal would prevail
due to the preserved dynamics of amyloid accumulation.

In CN and EMCI subjects we found no significant associations between local amyloid load
and PCC metabolism. The absence of an effect in the CN control subjects agrees with the
findings of two previous studies that showed no association in amyloid-positive controls [36]
or in healthy controls without a parental history of AD dementia [37]. However, in contrast
to our present findings, a recent study in a large cohort of elderly CN subjects did show
significant negative associations between local amyloid levels and metabolic signal in
several AD-typical regions, including the PCC [11].

In a secondary analysis, we stratified our CN, EMCI and LMCI subjects according to global
amyloid load. This analysis was inspired by two previous studies that had shown positive
associations between amyloid load and FDG metabolism. In one study such an association
was seen in 14 amyloid-positive MCI patients, but not in 14 amyloid-positive CN controls
[36], and in the other study in 81 CN controls [38] including amyloid-positive and
amyloidnegative patients. Interestingly, we found such an effect only in the absence of an
overall increased amyloid load in the CN and EMCI subjects. This finding points to two
different mechanisms that potentially underlie the positive association between local
amyloid and metabolism in the PCC. The first hypothesis is that a local increase in amyloid
in the PCC, an area that builds up amyloid early in the course of the disease [39], results in
an increase in local metabolism. Such an effect has also been demonstrated in a transgenic
animal model of cerebral amyloid accumulation [40]. This interpretation agrees with the
notion that AP peptides, including Ap42 and ApP40, the main constituents of amyloid
plaques, play a physiological role in synaptic plasticity [41]. Thus, amyloid may act in a
nonlinear fashion on local metabolism, a surrogate marker of synaptic activity [42], where at
lower levels of accumulation, it stimulates local metabolism, but at higher levels has a
detrimental effect on local metabolism [43]. An alternative explanation is based on the
regulation of Ap release through synaptic activity. Higher synaptic activity has been found
to lead to higher levels of soluble AR species in ex vivo brain slices [44]. Such an effect
would be relevant as long as the metabolic activity in the PCC is not yet suppressed by
advanced disease mechanisms. Indeed, with more advanced disease, in our LMCI subjects
there were no longer positive local associations between metabolic signal and amyloid load.

Synaptic activity-induced amyloid release has already been suggested as a possible
mechanism to account for the early involvement of metabolically active cortical regions in
amyloid accumulation, as indicated by multimodal imaging studies [45]. The AV45 tracer
florbetapir is believed to bind to fibrillary Ap, bound in amyloid plaques [46], rather than to
AP monomers and oligomers that are considered to interact with synaptic activity [47].
Therefore, a direct link between in vivo PET findings and potentially underlying
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neurobiological changes at the synaptic level is not possible, and the underlying mechanisms
explaining our findings cannot be resolved from the imaging data alone. In addition, a recent
study [48] in 54 CN subjects showed that people with more pronounced amyloid load
showed no difference in levels of atrophy and hypometabolism compared with people with
lower amyloid load, even at a very liberal level of significance (p<0.05, uncorrected). In
contrast, people with more pronounced markers of neurodegeneration (combined from
atrophy and metabolism) showed less amyloid accumulation in a voxel-based analysis.
These data point to a potential selection bias in a group of elderly CN subjects in whom both
increased amyloid load and impaired metabolism and volume are unlikely to be present in
the absence of cognitive decline.

The study had some limitations. First, although we interpreted our findings in a stage-
specific manner, we acknowledge that these are cross-sectional data that potentially could
have been contaminated by secular effects. Longitudinal data on the interaction between
atrophy, FDG PET, and amyloid PET changes in predementia and preclinical stages of AD
are based on small sample sizes and the regional interplay between the different modalities
over time have not yet been examined [49]. Second, based on the notion that EMCI subjects
perform between healthy elderly and LMCI subjects in episodic memory, it is reasonable to
assume that EMCI is a transition stage between healthy ageing and more advanced MCI.
However, evidence for this assumption is still lacking. In all between-group comparisons
except hippocampus volume, the EMCI subjects were similar to the healthy CN controls,
underscoring the heterogeneity of this clinical concept. The lack of difference in PCC
metabolism dissociates EMCI from the classical MCI concept in which PCC
hypometabolism has been shown as a robust finding [50]. Third, effect sizes for the
significant effects of hippocampus volume on PCC metabolism were small, particularly in
CN and EMCI subjects. This observation suggests that in these cases PCC metabolism may
be mainly driven by intrinsic physiological factors rather than by local or remote
pathological events.

Finally, the use of PVE correction of PET data may have influenced our results. Given that
PVEs may introduce spurious correlations between local atrophy and decreased
hypometabolism, correction of the PET signal for PVEs is an important methodological
requirement in studies aiming to assess the independence of the effect of local atrophy on
hypometabolism (see, for example, Chetelat et al. [5]). However, PVE correction methods
also depend on a range of model assumptions that may not always hold true or may only be
roughly approximated in the imaging data [51, 52], and thus we cannot finally exclude the
possibility that this procedure may have resulted in a possible undercorrection or even
overcorrection of PVESs in our data. However, the employed PVE correction algorithm has
been shown to efficiently increase the correspondence of the FDG PET signal with the true
GM signal in simulated data, and to reduce spurious correlations between atrophy and
hypometabolism in aged and demented subjects [18, 53-55]. Although PVE correction is
still not commonly used for amyloid PET data, recent methodological studies have indicated
that it increases the validity of the measured PET signal, particularly when using methods
that control for spill-in effects of high nonspecific binding signal from WM areas, and its use
is generally recommended for quantitative amyloid PET imaging [56, 57].
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In summary, we found differential associations between local and remote pathological events
and the FDG PET metabolic signal in the PCC in healthy ageing subjects, through subjects
with predementia stages of AD to subjects with AD dementia. Hippocampus atrophy was
the most relevant driver of PCC hypometabolism in the controls and EMCI subjects,
probably reflecting a diaschisis-like phenomenon. In LMCI subjects, PCC hypometabolism
was associated with remote effects as well as with local atrophy and amyloid pathology,
whereas in AD dementia subjects only local atrophy was significantly associated with local
PCC hypometabolism. In LMCI subjects, local atrophy was a significant mediator of the
local amyloid effect. In contrast, in EMCI subjects and controls, with normal levels of global
amyloid, local amyloid was positively associated with local FDG PET signal in the PCC,
possibly reflecting an interaction between synaptic activity and amyloid release at
physiological levels of amyloid expression. The PCC metabolic signal represents a complex
convolution of different physiological and pathological mechanisms across the stages of AD.
Thus, it integrates over the influences of different remote and local pathologies in the MCI
stage of AD; this may explain its high accuracy in the detection of this stage of disease in
diagnostic PET studies. Future research integrating measures of structural and functional
connectivity based on diffusion-weighted and functional MRI imaging will seek to
corroborate the notion that the loss of connectivity between the PCC and downstream areas,
such as the hippocampus, may drive the switch from predominantly remote to
predominantly local effects on the PCC signal with disease progression.
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Fig. 1.

Higppocampal and PCC regions of interest. The anatomical locations of the left (viole?) and
right (green) hippocampus and the left (b/ue) and right (cyan) PCC regions of interest are
shown in transparent views (fgp) and midsagittal and left sagittal slices (botfom) of the
rendered study template. Images were created using MRIcroGL software (http://
www.mccauslandcenter.sc.edu/mricrogl/)

Eur J Nucl Med Mol Imaging. Author manuscript; available in PMC 2018 October 01.


http://www.mccauslandcenter.sc.edu/mricrogl/
http://www.mccauslandcenter.sc.edu/mricrogl/

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Teipel et al.

Page 16

oN OcN
200 c EMCI 200 o EmMC
o LMCl C vl

D AD O ap

~~CN ~~CN
EMCI EMC

175 2 el 175 ¢ = i ]

left PCC metabolism
left PCC metabolism

T T T T T T T T T T
80 100 120 140 160 180 200 220 150 200 250 300 350 4,00

175 o el

left PCC metabolism

00 I.:W Z.l'JO 31')0 4.& 5,'00 6.00
left PCC amyloid load

Fig. 2.
Correlations between volumes, amyloid load and PCC metabolism Scatter plots and least

square regression lines for the regression of PCC FDG PET metabolic signal on a total
intracranial volume-normalized left hippocampus volume, b normalized left PCC volume,
and ¢ PCC amyloid load in the CN, EMCI, LMCI and AD dementia groups
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c=-0.04
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> PCC FDG-PET signal

PCCGMvolumemediates the effect of the PCCAV45 PETsignal on PCC FDG PETsignal in
LMCI subjects. Direct effect of PCC amyloid on PCC metabolism and indirect effect via
PCC grey matter volume: aregression coefficient for the effect of PCC AV45 PET signal on
PCC volume; bregression coefficient for the effect of PCC volume on PCC FDG PET signal
after controlling for the effect of PCC Av45 PET signal on PCC FDG PET signal; ¢
regression coefficient for the effect of PCC AV45 PET signal on PCC FDG PET signal (SE

standard error)
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PCC amyloid and metabolic signal according to global amyloid load. Scatter plots and least
square regression lines for the regression of PCC FDG PET metabolic signal on PCC AV45
PET signal in (fgp) CN subjects and (bottorm) EMCI subjects (b/ue global amyloidnegative

subjects, green global amyloid-positive subjects)
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Table 2

Percent squared partial correlation coefficients for the associations between predictors (hippocampus and PCC
volumes, and AV45 PETsignal in the PCC) and the PVE-corrected PCC FDG PET signal in the corresponding
hemisphere, controlling for age and sex

Group Hippocampus volume PCC volume PVE-corrected AV45 PET PCC signal
Left Right Left Right Left Right
Controls 45" 407 0.0 0.0 0.0 0.0
EMCI 217 187 0.0 0.0 0.0 0.0
LMCI 118™ 1007 1177 76 327 45"
AD 0.0 0.0 1837 287 0.0 2.3
p<0.05,
Ak
<0.005,
Ak
p<0.001
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