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ABSTRACT: 

Purpose: Comorbid Lewy body (LB) pathology is common in AD. The effect of LB co-pathology on FDG-

PET patterns in AD is yet to be studied. We analysed associations of neuropathologically-assessed tau 

pathology, LB pathology, and substantia nigra neuron loss (SNnl) with ante-mortem FDG-PET 

hypometabolism in patients with a clinical AD presentation. 

Methods: Twenty-one patients with autopsy-confirmed AD (‘pure-AD’), 24 with AD and LB co-pathology 

(‘AD-LB’), and 7 with LB but no or low evidence of AD pathology (‘pure-LB’) were studied. Pathologic 

groups were compared on regional and voxel-wise FDG-PET patterns, the cingulate island sign ratio (CISr), 

and neuropathological ratings of SNnl. Additional analyses assessed continuous associations of Braak tangle 

stage and SNnl with FDG-PET patterns.  

Results: Pure-AD and AD-LB showed highly similar patterns of AD-typical temporo-parietal 

hypometabolism and did not differ in CISr, regional FDG SUVR, or SNnl. By contrast, pure-LB showed the 

expected DLB-like pattern, accompanied by pronounced occipital hypometabolism and elevated CISr and 

SNnl compared to the AD groups. In continuous analyses, Braak tangle stage was significantly correlated 

with more AD-like, and SNnl with more DLB-like, FDG-PET patterns. 

Conclusions: In autopsy-confirmed AD dementia patients, comorbid LB pathology did not have a notable 

effect on the regional FDG-PET pattern. A more DLB-like FDG-PET pattern was observed in relation to 

SNnl, but advanced SNnl was mostly limited to relatively pure LB cases. AD pathology may have a dominant 

effect over LB pathology in determining the regional neurodegeneration phenotype. 

  



Introduction 

Alzheimer's disease (AD) and dementia with Lewy bodies (DLB) are two distinct neurodegenerative 

conditions defined by the cerebral accumulation of amyloid-β plaques and tau neurofibrillary tangles (NFT), 

and alpha-synuclein containing Lewy bodies (LB), respectively (1,2). In contrast to AD, DLB typically 

presents with denervation of the nigrostriatal dopaminergic pathway caused by degeneration of dopaminergic 

substantia nigra neurons (3), as well as more predominant executive and  visuospatial deficits accompanied by 

visual hallucinations, cognitive fluctuations, parkinsonism, and REM sleep behavioural disorder (4). Although 

AD and DLB have unique neuropathological profiles, up to 60% of clinical AD and DLB patients present 

with neuropathological findings of both diseases (5,6). Concomitant LB pathology in clinical AD has been 

associated with faster cognitive decline (7–9), younger age at death (8), and more DLB-like clinical features 

(9–12), although this could not be confirmed by others (7,13,14). In the era of disease-modifying therapies, 

these patients may benefit less from amyloid-lowering therapies (15), whereas they may potentially show a 

better response to cholinesterase inhibitors (16). Biomarkers identifying these patients may thus allow for a 

more targeted treatment of AD (11,17). 

Positron Emission Tomography (PET) with glucose analogue [18F]fluorodeoxyglucose (FDG) is a well-

established modality for imaging neurodegeneration, and differentiated hypometabolism patterns have been 

established for different conditions (18). Particularly, in contrast to the characteristic temporo-parietal pattern 

of hypometabolism in AD, patients with DLB are characterized by a more pronounced posterior-occipital 

pattern of hypometabolism with relatively preserved metabolism in the medial temporal lobe (MLT) and also 

in the posterior cingulate, the latter known as the cingulate island sign (CIS) (19,20). The CIS is a well-

established  biomarker for distinguishing patients with DLB and AD (19,21), even at prodromal stages (22).  

Previous imaging-pathologic association studies have demonstrated that AD co-pathology in DLB associates 

with a less DLB-typical hypometabolic pattern (20,23), but the potential contributions of FDG-PET to the 

identification of mixed pathology in AD-like presentations are yet to be explored. Here, we assessed ante-

mortem FDG-PET patterns of clinically diagnosed AD patients in relation to AD and LB neuropathology at 

autopsy.  



Methods 

Study participants 

Our cohort included 59 participants enrolled in the Alzheimer’s Disease Neuroimaging Initiative (ADNI, 

adni.loni.usc.edu) who had neuropathological examinations at autopsy, a clinical diagnosis of AD dementia or 

amnestic mild cognitive impairment (aMCI) at last clinical evaluation, and available ante-mortem FDG-PET 

scans. The average interval between the last available FDG-PET acquisition and death was 3.0 ± 2.6 years.  

Neuropathological assessments 

Neuropathological assessments were performed by the ADNI Neuropathology Core following the NIA-AA 

guidelines (24–26). Standard rating scales for AD pathology (amyloid, tau, neuritic plaques) were further 

merged into the AD neuropathologic change (ADNC) composite, while LB pathology assessment followed 

the McKeith criteria (4). Patients were considered to have autopsy-confirmed AD when presenting 

intermediate or high ADNC (24), and presence of  LB neuropathological changes (LBNC) was denoted when 

LBs were present in limbic or neocortical regions or the amygdala (4). Amygdala-predominant LBs, which 

have been suggested to be characteristic of advanced AD and less likely related to DLB (27), were considered 

as positive LBNC. Patients with LBNC restricted to the brainstem were excluded. Patients were stratified as 

autopsy-confirmed AD without LBNC (pure-AD), autopsy-confirmed AD with comorbid LBNC (AD-LB), 

LBNC without fulfilling neuropathologic criteria for AD (pure-LB), or none (Negative). We also studied 

semi-quantitative ratings (assessed on a scale from 0 to 3) of substantia nigra neuronal loss (SNnl) as a marker 

of DLB-specific neurodegeneration (4,28). For a subset of patients (n=45/59), semiquantitative ratings of the 

regional loads of tau NFTs and LBs were available (See Supplementary Table S1). 

Genetics 

APOE genotype was determined by Cogenics using standard methods to genotype the two APOE-ε4-defining 

SNPs (rs429358, rs7412). Patients were labelled as having zero, one or two ε4 copies. 

https://adni.loni.usc.edu/


Neuropsychological evaluation 

The Mini-Mental State Evaluation (MMSE) was used for characterizing global cognitive performance (29). 

Domain-specific composite scores were used for assessing memory (ADNI-MEM) (30) and executive 

function (ADNI-EF) (31). In addition, we calculated a “cognitive profile” variable ∆(MEM-EXEC) to 

characterize relative impairments between these two domains (32). The average interval between 

neuropsychological evaluation and death was 1.9 ± 2.0 years. 

FDG-PET acquisition and processing 

For this work, we used FDG-PET images in fully pre-processed format (level four) as provided by ADNI. 

Details of acquisition and pre-processing are detailed elsewhere (http://adni.loni.usc.edu/methods/pet-

analysis-method/pet-analysis/). Blood glucose levels (BGL), previously associated with changes in posterior-

occipital hypometabolism (33), are reported. FDG-PET images were spatially normalized  using SPM12 

(fil.ion.ucl.ac.uk/spm/software/spm12) and scaled using a previously validated data-driven method (34) to 

FDG-PET data from 179 cognitively normal ADNI subjects (henceforth, the “control group”). Region-of-

interest (ROI) analysis was performed to calculate the average FDG uptake in the occipital cortex and the 

MTL (21), and also the CIS ratio (CISr) (20,22) between the posterior cingulate cortex and the precuneus and 

cuneus uptake. To this end, we used the corresponding ROIs from the Harvard-Oxford neuroanatomical atlas. 

Statistical analysis 

Two-sample t-tests and Mann-Whitney U tests were used for comparing normally distributed continuous 

variables and non-normally distributed and ordinal variables, respectively. Effect sizes were reported as 

Cohen’s d. 

Hypometabolism patterns were determined by voxel-wise two-sample t-tests between each pathologic group 

and the control group using SPM. Age, sex, and blood glucose levels (BGL) were used as confounding 

nuisance covariates (33,35). T-score maps were transformed to Cohen’s d-maps and thresholded by p<0.05 

(FDR), k>250 voxels. For secondary analysis, the AD-LB group was separated into AD with amygdala-

http://adni.loni.usc.edu/methods/pet-analysis-method/pet-analysis/
http://adni.loni.usc.edu/methods/pet-analysis-method/pet-analysis/
https://www.fil.ion.ucl.ac.uk/spm/software/spm12/


predominant LBs and AD with limbic or neocortical LBs.  Direct comparisons between the different 

pathological groups were also performed. Spatial similarities between hypometabolism patterns were assessed 

using spatial Spearman’s correlation analysis across the 52 ROIs defined in the Harvard-Oxford atlas (36). 

In addition, we performed regional and voxel-wise Spearman correlation analyses of the association between 

AD- (Braak tau stage) and DLB-specific (SNnl) neuropathologic markers and FDG-PET patterns. In 

complementary analyses, we also assessed associations between FDG-PET and semi-quantitative ratings of 

regional LB and NFT load (See Supplementary Material).  

Results 

Demographics and neuropathology 

Seven subjects (11.9%) did not fulfil the criteria for either ADNC or LBNC, including two cases that had LBs 

restricted to the brainstem (and ADNC≤1). Of the remaining 52 subjects, twenty-one (35.6%) had autopsy-

confirmed AD without LBNC (pure-AD), twenty-four (40.7%) had autopsy-confirmed AD with LBNC co-

pathology (AD-LB), and seven (11.9%) had LBNC without fulfilling pathologic criteria for AD (ADNC≤1) 

(pure-LB). Among AD-LB, sixteen patients presented limbic/transitional or neocortical LBNC (67%), while 

eight patients presented amygdala-predominant LBNC (33%).  

Patients in the pure-AD and AD-LB groups did not differ with respect to age, sex, APOE ɛ4 positivity, or 

BGL, but pure LB patients were significantly older (p=0.039) and less often carriers of the APOE ɛ4 allele 

(p=0.018) compared to the other groups (Table 1). Regarding neuropathology, the pure-AD and the AD-LB 

groups did not differ in severity of Braak stages (p=0.695) or regional NFT burden (Suppl. Fig. S1). 

Amygdala-predominant LBs were significantly more frequent in the AD-LB than in the pure-LB group 

(p=0.047), but semiquantitative ratings of regional LB burden did not differ between these groups (Suppl. Fig. 

S1). Finally, SNnl was significantly higher for pure-LB than for pure-AD (p=0.005) and AD-LB (p=0.020) 

but similar between AD and AD-LB (p=0.210).  



In terms of cognition, there were no significant differences in MMSE between groups, but patients in the AD-

LB group showed significantly worse memory performance than pure-AD (p=0.012) and pure-LB (p=0.004), 

while executive function was similar between groups. Accordingly, AD-LB subjects showed a memory-

predominant cognitive profile in ∆(MEM-EXEC) (1-sample t-test, p=0.045), whereas pure-LB subjects 

showed a disproportionate executive impairment (p=0.057), and pure-AD cases showed balanced deficits in 

both domains (p=0.161).  Limbic LB load was negatively correlated with ADNI_MEM (after correcting for 

the effect of tau NFT burden) across the whole cohort, but not in the AD-LB group alone (Supplementary 

Table S2). 

 
Pure-AD 

(n=21) 

AD-LB 

(n=24) 

Pure-LB      

(n = 7) 

Age at death, y 81.8±7.7 81.0±8.4 88.6±4.9 

Imaging to death, y 2.3±3.5 3.3±3.0 3.1±2.7 

MCI/Dementia (at death) 3/18 1/23 2/5 

Male/Female 12/8 19/5 6/1 

APOE ɛ4 --/+-/++ 9/11/1 7/11/6 6/0/0 

Braak stage (I-IV/V/VI) 3/14/5 1/18/5 7/0/0 

Lewy bodies (limbic/neocortical/amygdala) 0/0/0 2/14/8 1/6/0 

SNnl 0.86±0.47 1.04±0.46 1.57±0.49 

FDG-PET BGL (mg/dl) 101.7±11.7 97.8±19.9 94.4±8.2 

MMSE score 22.4±6.6 21.5±5.7 24.7±3.9 

ADNI_MEM -1.06±0.94 -1.61±0.66 -0.69±0.67 

ADNI_EXEC -1.36±1.21 -1.48±0.95 -1.50±0.95 

Δ (MEM - EXEC) 0.16±0.50 -0.33±0.71 0.53±0.55 

Table 1: Demographic characteristics of the different pathologic subgroups. 

  



FDG patterns of pathologically defined groups 

Compared to healthy controls, the pure-AD group showed the classical AD hypometabolism pattern, with 

pronounced medial and lateral temporal effects extending to the lateral parietal cortex, posterior cingulate and 

precuneus, mild frontal hypometabolism and well-preserved occipital metabolism (Fig. 1a). The mixed 

pathology AD-LB group was characterized by a spatial pattern remarkably similar to the pure-AD group 

(spatial correlation: ρ=0.82). Interestingly, the same pattern was also observed when analyzing AD-LB cases 

with limbic/neocortical or amygdala-predominant LB separately (Fig. 1b). By contrast, the pure-LB group 

showed the typical DLB pattern of pronounced posterior-occipital hypometabolism with relative sparing of 

the MTL and the posterior cingulate, which as expected was not spatially correlated with the pure-AD pattern 

(ρ=0.09). In direct comparisons, only non-significant differences were observed between the pure-AD and 

AD-LB groups, while the pure-LB group showed significant posterior-occipital hypometabolism and a 

relative sparing of frontal and temporal regions in comparison to both pure-AD and AD-LB (Fig. 1c). 



 

Fig. 1: a) Hypometabolism patterns of the pathologic groups compared to controls. b) Patterns of the 

limbic/neocortical and amygdala-predominant Lewy body subgroups in AD-LB. c) Direct comparisons 

between the pathologic groups. Color represents effect size. White bars in color bars: p<0.05 (FDR). 



ROI-based analyses fully reproduced and quantified the voxel-wise observations, revealing significant MTL 

hypometabolism in the pure-AD and AD-LB groups, and occipital hypometabolism in the pure-LB group 

(Fig. 2).  

 

Fig. 2: Comparison of medial temporal lobe (MTL) and occipital cortex FDG standard uptake value ratios 

(SUVR) between the different neuropathological groups and the control group. 

Additionally, patients in the pure-LB group exhibited significantly higher CISr than those in the pure-AD 

(d=0.78, p=0.010) and the AD-LB (d=0.95, p=0.002) groups (pure-AD vs. AD-LB: d=0.15, p=0.375) (Fig. 

3a). CISr was also similar for limbic/neocortical and amygdala-predominant LBs (d=0.18, p=0.516). By 

contrast, patients with an elevated SNnl (≥2) showed a significantly higher CISr (d=1.49, p<0.001), even 

when considering only the pure-AD and AD-LB groups (d=1.31, p=0.016). Moreover, individual z-score 

maps of the three AD-LB patients with elevated SNnl revealed a more prominent DLB-like or mixed 

hypometabolism pattern (Fig. 3b; spatial correlations: case #1: ρ=0.82 and ρ=0.26; case #2: ρ=0.57 and 

ρ=0.17; case #3: ρ=0.57 and ρ=0.41, for the pure-LB and pure-AD patterns, respectively).  



 

Fig. 3: (a) CISr comparisons between the pathologic groups. Cases with high SNnl ≥2 are highlighted in 

orange. (b) Individual z-score maps of the three AD-LB cases with high SNnl. 

Continuous associations of Braak tau stage and SNnl with FDG-PET patterns  

To better understand the role of AD- and DLB-specific neuropathologic markers in shaping the observed 

FDG-PET patterns, we studied the continuous associations between Braak tau stage and SNnl and FDG-PET 

ROI values across the full sample (Fig. 4). Braak stage was negatively correlated with the CISr and MTL 



metabolism, whereas SNnl was positively correlated with the CISr but negatively correlated with occipital 

metabolism. In complementary analysis, similar associations with regional FDG-PET markers were observed 

when using regional tau NFT loads instead of Braak stage (Suppl. Fig. S2), but regional LB burden was not 

significantly correlated with FDG-PET features (Suppl. Fig. S3). 

 



Fig. 4: Correlations of Braak tau stage and SNnl with regional FDG-PET markers. Left: Braak tau stage. 

Right: SNnl. Top: CISr. Middle: MTL SUVR. Bottom: Occipital SUVR.  

In additional voxel-wise analyses, higher Braak stages were correlated with more hypometabolism in the 

posterior cingulate, MTL, and temporo-parietal cortex, as well as with less hypometabolism in the occipital 

and the paracentral cortex (Fig. 5, top). SNnl was correlated with more hypometabolism in occipital and 

parieto-temporal regions, and less hypometabolism in the orbitofrontal cortex and the posterior cingulate (Fig. 

5, bottom). 

 

Fig. 5: Voxel-wise correlations of Braak tau stage (top) and SNnl (bottom) with FDG uptake. 

Discussion 

In the present work we analyzed ante-mortem FDG-PET patterns in relation to AD and LB pathology in a 

cohort of clinical AD patients. In our study, concomitant AD-LB patients did not show more DLB-like FDG-

PET features, but rather a pattern regionally very similar to the pure-AD pattern (Fig. 1, Fig. 2). Accordingly, 



the CISr (20–22) did not differ between pure-AD and AD-LB (Fig. 3). In contrast to our results, in a previous 

work comparing pathologically verified DLB (n=3) and AD-LB (n=3) patients (37), the authors reported 

similar occipital hypometabolism in both groups. These differences may be explained by different definitions 

of the AD-LB group, since AD-LB patients in this previous work presented with DLB symptomatology 

compared to the relatively pure AD phenotype in our study. Interestingly, the amygdala-predominant LB type, 

which has been previously linked to AD (27)  was indeed higher in the AD-LB group compared to the pure-

LB group (where it was completely absent), but this did not seem to affect the neurodegeneration phenotype 

(Fig. 1b).  While the little effect of comorbid LB pathology on the regional FDG-PET pattern may come as a 

surprise, it is also in line with the lack of elevated SNnl, a pathologic hallmark of LB-typical 

neurodegeneration, in these comorbid AD-LB cases (28,38).  

While AD-LB patients showed an even more amnestic-predominant cognitive profile compared to pure AD, 

rather than a more dysexecutive phenotype typical for DLB (4), this difference is unlikely to result from a 

more advanced AD pathology in the AD-LB group, as severity of both Braak stage (Table 1) and regional 

NFT burden (Suppl. Fig. S1) were comparable between pure-AD and AD-LB. Previous studies have similarly 

suggested that co-morbid LB pathology exacerbates AD-typical cognitive deficits but does not necessarily 

produce a mixed clinical phenotype (7,13,14), while others did observe more DLB symptomatology in AD-

LB cases (8–12,39). These differences may be explained by different clinico-pathologic definitions of the 

AD-LB groups, as some autopsy studies define the different pathology groups based solely on 

neuropathologic criteria (8,39), while others also restrict their samples to a particular clinical phenotype as in 

our study (6,13,20,23). 

Interestingly, a smaller group of patients (12%) who had relatively pure LBNC with no or low ADNC did 

indeed show the expected DLB-like posterior-occipital hypometabolism pattern (20), which was accompanied 

by significantly elevated SNnl. Moreover, quantitative neuropsychological analysis these patients had a more 

dysexecutive rather than amnestic-predominant profile. Thus, it is likely that these cases may reflect 

misdiagnosed DLB patients with no DLB-specific symptomatology and a clinical profile more similar to AD 

(4,40). Our findings indicate that FDG-PET may serve as a very useful imaging marker to identify this non-

negligible and clinically highly relevant portion of misdiagnosed AD patients in-vivo. Interestingly, despite 



having similar regional loads of LB pathology (Suppl. Fig. S1), the co-morbid AD-LB group did not exhibit a 

DLB-like FDG-PET pattern or elevated SNnl, suggesting that AD pathology may have a dominant effect over 

LB pathology in determining the regional neurodegeneration phenotype in these patients. Altogether, these 

results suggest that LBs may play a different role in AD-LB compared to pure-LB. While recent studies have 

provided evidence of in-vivo interactions between tau and alpha-synuclein (41), more work needs to be done 

to better understand how these interactions may modify the effect of LB pathology on the neurodegeneration 

phenotype in AD-LB. 

In continuous association analyses we observed that Braak stage (Fig. 4, Fig.5) and tau NFT load (Suppl. Fig. 

S2) were significantly correlated with more AD-like FDG-PET features, confirming and expanding recent 

findings obtained in a smaller subsample of the ADNI autopsy cohort (42) and also similar observations 

previously reported in clinical DLB (20,23). Interestingly, SNnl showed the opposite pattern of associations, 

being associated with a higher CISr, lower occipital SUVR, as well as with a more DLB-like hypometabolism 

pattern in voxel-wise analysis (Fig. 4, Fig. 5). Most interestingly, this association was even observed on an 

individual basis in a small subset of AD-LB patients that did have advanced SNnl (Fig. 3b). Nevertheless, this 

applied only to three AD-LB cases (12.5%), suggesting that comorbid LB rarely affects the 

neurodegeneration phenotype in cases with fully developed AD pathology. More research is necessary to 

better understand the neurobiological factors that determine why comorbid LB pathology leads to SNnl and a 

DLB-typical neurodegeneration pattern in some patients but not in others (43). 

Altogether, our results suggest that it may not be the presence of LB pathology by itself, but rather the 

associated SNnl that links with a more DLB-like hypometabolic pattern in these clinical AD patients. This 

notion was further corroborated by the fact that semi-quantitative ratings of regional LB burden were not 

significantly associated with FDG-PET markers (Supp. Fig. S3). To the best of our knowledge, our study is 

the first report demonstrating these associations. A very recent multimodal neuroimaging study (n=55) has 

pointed to an association between nigrostriatal degeneration (as assessed by dopamine transporter SPECT) 

and cortical hypometabolism in clinical DLB (44). However, such associations had neither been assessed 

using neuropathologic evaluations nor in the context of clinical AD. Additional studies combining FDG-PET 



with imaging modalities aimed to evaluate SN degeneration in-vivo (44–47) would be of great interest for 

replicating and studying these associations in larger observational cohorts.  

Regarding the clinical implications of our work, our novel finding of comparable FDG-PET patterns in AD-

LB and pure AD suggests that FDG-PET may not be able to readily detect comorbid LB pathology in AD 

patients, which may be a disappointing finding that is nevertheless of utmost clinical relevance. While larger 

studies might be useful to corroborate these findings, the comparably large sample used here (n=21 pure AD 

vs n=23 AD-LB) and the low effect size estimates indicate that this finding would be unlikely to change with 

higher sample sizes. However, according to our findings FDG-PET may be very useful for identifying a 

subset of clinically diagnosed AD patients who have relatively pure LB pathology, as well as those pathologic 

AD patients where the comorbid LB pathology is accompanied by SN neurodegeneration. Identifying these 

patients has important clinical implications as these will most likely also show different clinical trajectories 

(7), including development of more DLB-typical symptomatology (9) and possibly also the typical 

susceptibility to antagonistic dopaminergic neuroleptics known for DLB patients (48). 

Our work also presents a series of limitations. First, the restriction on patients with typical AD-like clinical 

presentations limits the reach of our conclusions to this particular clinical setting, and different effects of 

comorbid AD-LB pathology may be observed in clinically more diverse dementia cohorts (8). Nevertheless, 

identifying (co-morbid) LB pathology in clinical AD patients poses a distinct diagnostic challenge that has a 

potentially high relevance for individual patient management and recruitment into AD clinical trials (6) that 

had not been addressed so far using FDG-PET. In close relation, neuropsychological data collected within the 

ADNI study allows for the assessment of a specific dysexecutive or amnestic-predominant 

neuropsychological profile, but DLB core features are not assessed in enough detail (or not assessed at all). 

Finally, quantitative assessments of regional pathologic load may represent a closer pathologic correlate of 

phenotypic differences than the standardized semi-quantitative rating scales employed here (43). 

  



Conclusions 

FDG-PET may not be able to readily detect comorbid LB pathology in clinical AD, but it may be very useful 

for identifying a subset of patients with prominent LB-related neurodegeneration, which may have important 

implications for patient management, individualized disease prognosis, and selection for treatment trials. 
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KEY POINTS: 

QUESTION: Is the presence of Lewy body pathology, or related substantia nigra neurodegeneration, 

associated with a differential FDG-PET pattern in clinical AD? 

PERTINENT FINDINGS: LB co-pathology did not affect the FDG-PET pattern in autopsy-confirmed AD, 

but a distinct posterior-occipital FDG-PET pattern was observed in relation to substantia nigra degeneration, 

which was mostly observed in clinical AD cases with relatively pure LB pathology at autopsy. 

IMPLICATIONS FOR PATIENT CARE:  FDG-PET can identify clinically diagnosed AD patients that 

have relatively pure LB pathology and substantia nigra neurodegeneration at autopsy. In-vivo identification of 

these patients has important implications for clinical patient management, individualized disease prognosis, 

and selection for treatment trials.  
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Semiquantitative assessment of the regional loads of Lewy body and tau neuropathology 

For a subset of patients (n=45/59; n=41 within our pathological groups; pure-AD=15; AD-LB=20; 

pure-LB=6) semiquantitative information about the regional loads of Lewy bodies (LBs) and tau 

neurofibrillary tangles (NFTs) in different brain regions was available. These were reported on a 

scale from 0 to 4 in the case of LBs (0, none; 1 = <1 LB x10 field; 2 = 1-3 LBs; 3 = 4-10; LB; 4 = 

>10) and from 0 to 3 for NFTs (0 = no NFTs, 1 = 1-5 NFT/1mm2, 2 = 6-20, 3 = > 20). The 

available data was used to calculate the average loads of LBs and tau NFTs in limbic and 

neocortical composite regions. The brain areas sampled for microscopic assessments are reported in 

Supplementary Table S1, together with their classification into the limbic or neocortical composite 

and the number of patients with data available for each region (right column). Regions with data for 

less than 30 patients in our pathological groups were excluded from subsequent analysis (marked in 

red).  

Region Neuropathology 
Code 

Classification Patients with 
data available (n) 

Amygdala L23AMYG Limbic 41 
Entorhinal L23ENTX Limbic 41 

Hippocampus, CA1 L5CA1 Limbic 41 
Hippocampus, Dentate Gyrus L5DG Limbic 41 

Parahippocampal Gyrus L5PHG Limbic 41 
Superior and Middle Temporal L2STG Neocortical 41 

Middle frontal L1MFG Neocortical 41 
Anterior Cingulate L19CING Limbic 41 

Precentral Gyrus Motor Cortex L21MX ----- 25 
Inferior Parietal L3IPL Neocortical 41 

Occipital L4OL Neocortical 41 
Olfactory Cortex L6OLFX ---- 29 
Caudate Putamen L6PUTC ---- 41 
Globus Pallidus L17GP ---- 41 

Thalamus L8THAL ---- 41 
Pontine Base L11PONS ---- 41 

Midbrain L9SN ---- 41 
Nucleus Basalis Meynert L17NBM Limbic 39 

Locus Caeruleus L11LC ---- 41 
Medulla Oblongata L12MED ---- 40 

Cebebellum Dentate Nucleus L14CBM ---- 41 
Spinal Cord L13SC ---- 22 
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Supplementary Table S1: Regions for which semiquantitative information about the regional 

loads of NFTs and LBs was available. Marked in red: Regions with data for less than 30 patients. 

Differences in the regional loads of LBs and NFTs between pathological groups 

To test whether the differences between groups in the main analyses were related with the severity 

of pathology, we compared LB and NFT load between neuropathological groups. Results are 

presented in Suppl. Fig. 1. In statistical analysis, we did not find any significant differences in LB 

load between the pure-LB and the AD-LB groups (limbic composite: d=-0.35, p=0.394; neocortical 

composite: d=-0.36, p=0.382; amygdala: d=0.16, p=0.706). Similarly, for tau NFT burden, we did 

not observe any significant differences between the pure-AD and the AD-LB group (limbic 

composite: d=0.38, p=0.203; neocortical composite: d=0.20, p=0.505; amygdala: d=0.17, p=0.561). 

 Suppl. Fig. S1: Average regional loads of tau neurofibrillary tangles (NFTs) and Lewy bodies in 

limbic and neocortical composite regions, as well as in the amygdala separately. 

Associations between regional LB loads and cognition 

To better understand the role of LBs shaping the differences in cognition between the pathological 

groups, we evaluated continuous associations of the regional load of LBs in the amygdala and in 

limbic and neocortical composites with the reported memory performance (ADNI_MEM), 
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executive performance (ADNI_EXEC) and cognitive profile (Δ (MEM - EXEC)) variables. The 

correlations were evaluated using Spearman’s correlation analysis (with and without controlling for 

the NFT load) for the whole cohort, and for the AD-LB group alone. Results are shown in Suppl. 

Table 2. While most of these correlations were not statistically significant, some interesting trends 

could be observed. Across the whole cohort, the LB load in all regions was negatively correlated 

with ADNI_MEM, especially when controlling for regional tau NFT load (limbic composite: ρ= -

0.34, p=0.03; neocortical composite: ρ= -0.22, p=0.15; amygdala: ρ= -0.22, p=0.16). These 

associations were not observed for the AD-LB group alone, where the only remarkable finding was 

a correlation between Δ (MEM-EXEC) and amygdala LBs at trend-level statistical significance (ρ= 

0.40, p=0.09), suggesting that these might help to shape a more executive phenotype within the AD-

LB group.  

 

Cognitive Score 
ADNI_MEM ADNI_EF Δ (MEM-EXEC) 

ρ (p) 
Partial 
ρ*, (p) ρ (p) 

Partial 
ρ*, (p) ρ (p) 

Partial 
ρ*, (p) 

 Results for the whole cohort 

R
eg

io
n 

L
ew

y 
B

od
y 

L
oa

d 

Limbic -0.19 
(0.20) 

-0.34 
(0.03) 

-0.09 
(0.56) 

-0.15 
(0.35) 

-0.10 
(0.54) 

-0.15 
(0.37) 

Neocortical -0.09 
(0.56) 

-0.22 
(0.15) 

-0.13 
(0.43) 

-0.18 
(0.26) 

0.01 
(0.97) 

-0.02  
(0.90) 

Amygdala -0.21 
(0.18) 

-0.22 
(0.16)  

-0.10 
(0.53) 

-0.11 
(0.52) 

-0.10 
(0.53) 

-0.12 
(0.47) 

 Results for the AD-LB group 

R
eg

io
n 

L
ew

y 
B

od
y 

L
oa

d 

Limbic 0.15 
(0.51) 

0.08  
(0.72) 

0.22 
(0.36) 

0.15  
(0.54) 

-0.10 
(0.70) 

-0.06 
(0.80) 

Neocortical 0.10 
(0.67) 

0.18  
(0.45) 

-0.01 
(0.96) 

0.04  
(0.86) 

0.05(0.8
5) 

-0.05  
(0.84) 

Amygdala 0.23 
(0.33) 

0.25  
(0.28)  

-0.02 
(0.93) 

-0.13 
(0.59) 

0.24 
(0.30) 

0.40  
(0.09) 

Suppl. Table S2: Associations between cognitive scores (ADNI_MEM, ADNI_EF, Δ (MEM-

EXEC)) and neuropathologically assessed regional loads of LBs across different regions of interest 
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in the whole cohort and separately in the AD-LB group. * indicates partial Spearman correlation 

using the regional tau NTF load as a covariate 

 

Associations of the regional loads of NFTs and LBs with FDG-PET 

Following up on the observed associations of Braak stage and SNnl with the CISr, occipital SUVR 

and MTL SUVR (see Fig. 4 of the main manuscript), we tested whether similar associations were 

also found when using regional loads of tau NTFs and LBs as neuropathologic markers. Similar to 

Braak tau stages, both limbic and neocortical NFTs were significantly associated with a lower CISr 

(ρ=-0.341, p=0.027; ρ=-0.31, p=0.047) and lower MTL SUVR (ρ=-0.40 p=0.009; ρ=-0.44 

p=0.003), but not with occipital metabolism (ρ=0.14, p=0.364; ρ=0.07, p=0.639; Supplementary 

Figure S2). However, in contrast to SNnl, limbic, neocortical and amygdala regional LB loads were 

not significantly associated with the CISr (ρ=0.04, p=0.782; ρ=0.11 p=0.510; ρ=0.02, p=0.905) or 

MTL (ρ=0.14, p=0.398, ρ=0.19, p=0.241; ρ=0.09, 0.564), although trend-level negative correlations 

were found between regional LB load and lower occipital SUVR (ρ=-0.30, p=0.060, ρ=-0.27, 

p=0.084; ρ=-0.26, p=0.108) (Supplementary Figure S3). 
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Suppl. Fig. S2: Associations between limbic (left) and neocortical (right) tau NFT loads and 
different FDG-PET ROI features: CISr (top), occipital SUVR (center) and MTL SUVR (bottom). 

 



Silva-Rodriguez et al.                                                                     FDG-PET patterns in co-morbid AD-LB                                                  

 

Suppl. Fig. S3: Associations between limbic (left), neocortical (center) and amygdala LB loads and 
different FDG-PET ROI features: CISr (top), occipital SUVR (center) and MTL SUVR (bottom). 

 


