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Chapter 6: 

The cerebral metabolic topography of Lewy Body Dementia.  

 

F.E. Reesink, S.K. Meles, R. Bruffaerts, D. Vállez Garcia, B.M.  De Jong, R. Renken, R.A. 
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Abstract: 

Introduction:  Regional uptake changes of [18F]-fluorodeoxyglucose (FDG) in PET images 

is a supportive biomarker for Dementia with Lewy Bodies (DLB), although the 

diagnostic specificity is disputed. Multivariate analysis with the Scaled Subprofile Model 

and Principal Component Analysis (SSM PCA) of FDG PET images has disclosed disease-

specific patterns in multiple neurodegenerative diseases, including Alzheimer’s disease 

(AD) and Parkinson’s disease (PD). Such patterns have shown to be useful in tracking 

disease progression and differential diagnosis and have advantages over univariate 

techniques. In the present study, we employed this advanced method to identify a DLB 

related pattern (DLBRP) and to compare the diagnostic accuracy with univariate 

approaches.     

Methods: SSM PCA was applied to 19 healthy controls (HC) and 19 DLB subjects in a 

Dutch cohort to identify the DLBRP. Stability of the involved regions in the DLBRP was 

confirmed with a bootstrap analysis. For validation, DLBRP expression was 

subsequently calculated in an independent Belgian cohort of  20 HC and 37 DLB 

subjects. In addition, group differences regarding FDG uptake in the visual cortex were 

assessed by means of voxel-based analysis in this volume of interest (VOI), and 

subsequently compared with the obtained DLBRP.    

Results: The DLBRP was characterized by relative hypometabolism in the occipital 

cortex, including the primary visual cortex, parietal cortex and lateral frontal cortex, co-

varying with relatively increased metabolism in the brainstem, cerebellum, putamen, 

pallidum, thalamus and sensorimotor cortex. In the Belgian validation cohort, the DLBRP 

expression scores were significantly higher in DLB subjects compared to HC (p< 

0.0001), although with 4 outliers with low DLBRP expression. FDG standardized uptake 

value (SUV) in the visual cortex was decreased in the Dutch cohort (p<0.001), but not 

significant decreased in the Belgian cohort. The correlation between the visual cortex 

metabolism and the DLBRP in both cohorts showed a moderate agreement (Dutch 

cohort p 0.689, Belgian cohort p 0.326). The two DLB populations were different 

regarding the presence of visual hallucinations, i.e. 23 of 37 Belgian versus 18 of 19 

Dutch DLB patients. The correlation of the derived DLBRP  score and presence of visual 

hallucinations was not significant (p 0.097).   

Conclusion:  We identified and validated a DLB-related cerebral glucose metabolic 

covariance pattern (DLBRP) using SSM/PCA analysis. The group difference in the 

metabolic pattern of the visual cortex between the Dutch and Belgian cohorts are 

speculated to be due to heterogeneity of the subjects, but will be further analyzed.     
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INTRODUCTION  

Dementia with Lewy Bodies (DLB) has a prevalence of approximately 5-15 % of all 

neurodegenerative diseases1,2. In 2017, the DLB Consortium refined recommendations 

about the pathological and clinical diagnosis of DLB3. Core neuropathological features 

include aggregation of α-synuclein in the neocortex and limbic cortex, and loss of nigro-

striatal dopaminergic system4. In DLB, α-synucleinopathy starts in the caudal raphe 

nuclei and locus coeruleus, progressing in the dorsolateral medulla oblongata and 

expanding to the neocortex5, but individual variation and overlap with other 

neurodegenerative diseases are common6,7,8. 

Clinical diagnosis of DLB requires the presence of progressive cognitive decline with 

interference in social or occupational functions and minimal two core clinical features3: 

fluctuating cognition, recurrent visual hallucinations, REM sleep behavior disorder 

(RBD), and spontaneous features of parkinsonism. Clinical diagnostic criteria have 

modest sensitivity9. Although diagnostic criteria have become more sensitive over time, 

about 20 % of DLB diagnosis are still incorrect10.  The diagnosis of DLB is challenging, 

especially in early course of disease, as the clinical presentation is heterogeneous. The 

most frequent misdiagnosis is Alzheimer’s Disease (AD), because of the overlap in 

clinical symptoms and the mixed underlying pathology, particularly in older patients10. 

AD-related pathology is demonstrated in more than half of DLB subjects with amyloid 

PET11 and Tau PET12. The second frequent misdiagnosis are Parkinson’s Disease (PD) 

and PD dementia (PDD)10. Reflecting the not well-defined boundaries, DLB is considered 

as a clinical and pathological spectrum, with PD on one- and AD on the otherside13. 

Cholinesterase inhibitors improve cognition, global function and activities of living and 

slow down deterioration14 and Rivastigmine has a positive effect on neuropsychiatric 

symptoms15. Parkinsonism is often less responsive to dopaminergic treatment in DLB 

and may be associated with an increased risk of psychosis and increased morbidity and 

mortality16. Early diagnosis of DLB is therefore important for therapeutic choice, ass for 

clinical drug trials focus on specific neurodegenerative pathology.  

In the 2017 updated diagnostic criteria of DLB, indicative biomarkers have been 

identified, including positron emission tomography (PET) imaging, confirming a reduced 

dopamine transporter (DAT) uptake in basal ganglia dopaminergic deficit, but does not 

differentiate from Parkinson Disease (PD) or PD Dementia (PDD)3, and may be normal in 

early disease stages17. Neurodegenerative disorders are characterized by disease-

specific patterns of hypometabolism assessed by 18F-Fluoro-deoxyglucose  (FDG) PET 

brain imaging and are listed as supportive biomarker, but still lacking confirmed 

diagnostic specificity3. 18F-FDG tracer provides an index for the cerebral metabolic rate 

of glucose, which is a reflection of synaptic integrity and is highly correlated with 

severity and quality of clinical symptoms18. Visual hallucinations are a core clinical 

feature of DLB and correlated with occipital hypometabolism19. 18F-FDG-PET pattern for 

DLB with a decreased uptake in the visual cortex20 and relative preservation of posterior 

or midcingulate metabolism, has modest sensitivity (70%) and specificity (74%)3. Scaled 



73 

 

subprofile model and principal component analysis (SSM PCA) is an advanced 

covariance analytical method, that extracts a disease-related pattern from18F-FDG-PET 

images21,22,23. Covariance analysis techniques are considered appropriate methods to 

explore network activity, which is thought to provide more insight into the underlying 

pathophysiologic mechanism. Once a particular disease-related pattern has been 

identified, it can be used to quantified individual subject scores that can be used as a 

marker for disease progression and effective therapy24. A complete description is 

provided by Spetsieris and Eidelberg23. An important advantage of this approach is that 

once a pattern has been identified, the degree of its expression can be quantified in any 
18F-FDG PET scan. This expression score is reflected by a single numeric value that can 

be used to investigate relationships with clinical and physiologic metrics or to make 

predictions. Using SSM PCA multivariate analysis, a PD-related and AD-related pattern 

(PDRP and ADRP) has been successfully identified in multiple cohorts25,26,27,24.  

The objective of this study is to identify a DLB-related pattern (DLBRP) from 18F-FDG-

PET, using SSM PCA multivariate analysis, for diagnostic approach and to provide a 

reference for further studies. Furthermore, we aimed to identify the specific 

contribution of the FDG uptake in the visual cortex, analyzed with volume of interest 

(VOI) and voxel-based analysis, compared with the DLBRP.    

 

2. METHODS 

2.1 Patients 

Identification cohort:  

To identify DLB-related patterns, we used data of 19 healthy controls and 19 subjects 

with a probable diagnosis of DLB according to the 2017 McKeith criteria3. The subjects 

were recruited in an out-patient memory clinic and movement disorder clinic in UMCG, 

the Netherlands (the ‘Dutch cohort’). Standardized assessment included medical history, 

informant-based history, physical and neurological examination, including Hoehn and 

Yahr scale28, laboratory tests, neuropsychological testing, and magnetic resonance 

imaging (MRI) scan. Neuropsychological assessment differed in the different clinics: 

Mini Mental State Examination (MMSE)29 was performed on memory clinic patients (13 

of 19 subjects) and for patients in the movement disorder clinic alternately Montreal 

Cognitive Assessment (MOCA)30, PDD- short screen31 and Scales for Outcomes in 

Parkinson's disease-Cognition (Scopa COG)32 tests were applied. Clinical Dementia 

Rating Scale (CDR)33 was performed for all patients. In addition, in some cases 

supportive biomarkers, namely MRI, CSF or 11C-PIB PET, were employed to aid the final 

diagnosis, and subjects were excluded if (mixed pathology of) AD or PDD was diagnosed. 

DLB subjects were 16 male and 3 female, with a mean age of 73±7 years. Stage of the 

disease was 2±1 years,  expressed in years of clinical symptoms or disease duration at 

scanning. MMSE score was 24±4, with a CDR score of 1 ± 0,5. Parkinsonism was found in 
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90% of subjects (Hoehn and Yahr scale of 2±1) and in 5 subjects (26%) as first 

symptoms of disease. In 4 subjects parkinsonism was objectivized with abnormal 

dopaminergic imaging. 84% of DLB subjects had cognitive fluctuations, 95% visual 

hallucinations and 63% had symptoms of  RBD. The diagnosis DLB was confirmed 

during a follow-up time after scanning of 2±2 years. 19 healthy controls without 

cognitive complaints, age 71±6, were included in the study.  

Validation cohort: 

The DLB-related metabolic pattern was tested in an independent confirmation cohort, 

recruited from the memory clinic of KU Leuven (‘Belgian cohort’). 37 subjects with a 

probable diagnosis of DLB and 20 healthy controls were included. DLB subjects were 25 

male and 12 female, with a mean age of 72±6 years. Disease duration at scanning was 

3±2 years. MMSE score was 23 ± 6. Parkinsonism was found in 89% of subjects at 

presentation and in 8 subjects (22 %) as first symptoms of disease. 17 subjects had 

dopaminergic imaging, this was abnormal in 65% (visual rating without quantification). 

57% of DLB subjects had cognitive fluctuations, 62%  visual hallucinations and  62% had 

symptoms of  RBD.  20 healthy controls without cognitive complaints, age 62±-6, were 

included in the study.  

The study was conducted according to the Declaration of Helsinki and subsequent 

revisions. Ethical approval for the whole study, including the informed consent, was 

obtained from the Medical Ethical Committee of the UMCG (2014/320).Patients with a 

MMSE score higher than 18 were considered mentally competent to give informed 

consent. This cohort of subjects had a minimum MMSE score of 22, therefore all subjects 

were considered mentally competent to give informed consent.  

 

2.2 18F-FDG-PET scan acquisition 

The Dutch cohort subjects underwent static 18F-FDG-PET imaging on a Siemens 

Biograph mCT-64 PET/CT camera (Siemens, Munich, Germany) at the University 

Medical Center Groningen, the Netherlands. Images were reconstructed with OSEM3D, 

including point-spread function and time-of-flight modeling, and smoothed with a 

Gaussian 8 mm full-width at half-maximum filter (FWHM). Central nervous system 

depressants were discontinued in all subjects for at least 24 hours before scanning. 

Dopamimetics were not withheld. 

The Belgian cohort subjects underwent static 18F-FDG-PET imaging on a Siemens ECAT 

HR+ camera (Siemens, Munich, Germany) at the University Hospitals Leuven, Belgium. 

Images were corrected for attenuation and scatter, and reconstructed using 3-

dimensional filtered back projection with a Hanning postfilter, resulting in FWHM of 7 

mm. 
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All images were spatially normalized onto an 18F-FDG-PET template in Montreal 

Neurological Institute (MNI) brain space34 using SPM12 software (Wellcome 

Department of Imaging Neuroscience, Institute of Neurology, London, UK) implemented 

in Matlab (version 2012b; MathWorks, Natick, MA).  

2.3  Identification of the DLBRP   

For identification of the DLB-related pattern (DLBRP), we applied an automated 

algorithm written in-house, based on the SSM PCA method of Spetsieris and Eidelberg35, 

implemented in Matlab (version 2017b; MathWorks, Natick, MA). Images were masked 

to remove out-of-brain voxels, log-transformed, and subject and group means were 

removed. This resulted in a residual profile for each scan. Principal component analysis 

(PCA) was applied to these residual profiles in voxel space, and the components 

explaining the top 50% of the total variance were selected for further analysis. For each 

subject, a score was calculated on each selected principal component (PC). These scores 

were entered into a forward stepwise logistic regression analysis. The components that 

could best discriminate between healthy controls and patients36, were linearly 

combined to form the pattern, termed DLBRP. In this linear combination, each 

component was weighted by the coefficient resulting from the logistic regression model. 

All voxel weights in the DLBRP were overlaid on a T1 MRI template in MNI space for 

visualization. It is important to note that all voxels in the DLBRP are used for subject 

score calculation. Voxel weights in SSM PCA patterns can fluctuate to some degree 

depending on the specific sample of patients and controls that are used for derivation37. 

To investigate which regions in each of the DLBRP were stable, a Bootstrap resampling 

analysis was performed within each derivation set (1000 repetitions). Voxels that 

survived a one-sided confidence interval (CI) threshold of 95% (percentile method) 

after bootstrapping were overlaid on a T1 MRI template.  

 

2.4 Confirmation of the DLBRP  

For validation, subject scores for DLBRP were calculated in the Belgium. Each subject 

score was then transformed into a z-score with respect to the healthy controls from the 

same camera, such that healthy control mean was 0, with a standard deviation of 1.  

 

2.5 DLB metabolic pattern of the visual cortex 

The visual cortex was explored in more detail using a VOI-based approach. The region of 

the visual cortex was defined based on the Hammers region38. FDG uptake was extracted 

from the region and normalized to the whole brain signal (SUVR). These values were 

then used for further univariate analysis. 

 

2.6 Statistical analysis  

Between-group differences in age and severity of cognitive decline (MMSE) were 

assessed in means and standard deviation. Differences  in gender and clinical features 

(disease duration, fluctuations, visual hallucinations and RBD) were assessed using 

Pearson-Chi square Tests. Between-group differences in DLBRP z-scores were assessed 
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using independent-sample t-tests. Z-scores of the DLBRP were correlated to clinical 

characteristics with Spearman Correlation Coefficient. Analyses were performed using 

SPSS software version 23.0 (SPSS Inc., Chicago, IL) and considered significant for p < 

0.05 (uncorrected).  

 

3. RESULTS  

Demographic and clinical data of all subjects are summarized in table 1. The DLB 

subjects in the different cohorts showed no significant differences in age, gender, MMSE 

and disease duration. The Dutch DLB cohort had more cognitive fluctuations (p = 0.037) 

and visual hallucinations (p = 0.008) compared with the Belgian DLB cohort. Hoehn and 

Yahr (H&Y)28  severity was only available in the Dutch DLB cohort and was 2 ± 1 (mean 

± standard deviation). The healthy controls (HC) were younger in age (p=0.05), with a 

mean age in the Dutch HC subjects of 67 ± 3 years (mean ± standard deviation) and in 

the Belgian cohort of 62 ± 6 years (mean ± standard deviation).  

 

Table 1: Demographics and clinical characteristics of DLB subjects  

Characteristics DLBNL (n=19) DLBBE (n=37) 

Age, y 73 ± 7 72 ± 6 

Male 16 (84%) 25 (68%) 

Disease duration 2 ± 1 3 ± 2  

H&Y 2 ±1 - 

MMSE  24 ± 4 23 ± 6 

Fluctuations 16 (84%)* 21 (57%) 

Hallucinations 18 (95%)* 23 (62%) 

RBD 12 (63%) 23 (62%) 

Parkinsonism 17 (90%) 33 (89%) 

 

Data are expressed as mean ± SD, n (%). PD: Parkinson’s disease, DLB: Dementia with Lewy bodies (NL 

subjects Netherlands and  BE subjects Belgium),  AD: Alzheimer’s disease, Disease duration: clinical 

symptoms in years, H&Y: Hoehn and Yahr score,  RBD: REM sleep Behavior Disorder, MMSE: Mini-Mental 

State Examination, *significance p < 0.05  
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Identification and validation of the DLBRP 

After applying SSM PCA to the DLBRP identification set (Dutch cohort, 19 HC and 19 DLB 

subjects), the first five principal components accounted for 52% of the total variance 

and were used for further analysis. Component 1 in isolation, explained 25% of the 

variance and it was the best discriminator between HC and DLB subjects, which was the 

reason to coin it the DLBRP. All voxels in the DLBRP are visualized in Figure 1A. It 

should be noted that for the calculation of DLB-expression scores, all voxels in the 

pattern are included. Stable regions in the DLBRP included relative hypometabolism in 

the occipital cortex (including the primary visual cortex), parietal cortex and lateral 

frontal cortex. Relatively increased metabolism was observed in the brainstem, 

cerebellum, putamen/pallidum, thalamus, and sensorimotor cortex (Figure 1B). For 

validation, DLBRP expression z-scores were calculated in the Belgian cohort. DLBRP z-

scores were significantly higher in the 37 DLB subjects compared to the 20 HC subjects 

(p < 0.0001, see Figure 2). In the Belgian cohort 4 outliers with low expressed DLBRP z-

scores were observed. DLBRP z-scores were not significantly correlated to age in 

controls or DLB subjects in both cohorts.    

 

A (top row): The unthreshold DLBRP overlaid on a T1 MRI template.  

B (bottom row): Stable voxels (95% confidence interval not straddling zero after bootstrap resampling) of the DLBRP are visualized. 
Red indicates positive voxel weights (relative hypermetabolism) and blue indicates negative voxel weights (relative 
hypometabolism).  

L=left. Coordinates in the axial (Z) and sagittal (X) planes are in Montreal Neurological Institute (MNI) standard space.  
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 Figure 3: 

DLBRP subject scores in the derivation and validation cohort  

 

Univariate analysis of the DLB metabolic pattern of the visual cortex:  

The visual cortex metabolism was explored in the different groups. SUVR values in the 

occipital cortex were not correlated with age (Figure 3).  

 

Figure 3: DLBRP z-scores not significantly correlated to age in univariate analysis 
Age in years.  Dutch cohort: subjects UMCG, Belgian cohort: subjects KU Leuven 

HC: Healthy Controls, DLB: subjects with Lewy Body Dementia 

Occipital: Occipital cortex SUVR: Standardized Uptake Value Rate VOI: Volume Of Interest 

 



79 

 

The results showed a significantly decreased metabolism of the visual cortex in DLB 

subjects versus HC in the Dutch cohort  (p<0.001), but not in the Belgian cohort. Voxel-

based analysis showed similar results, with statistical differences only between HC and 

DLB in the visual cortex in the Dutch cohort, see figure 4.  

 

 
Figure 4: Visual cortex metabolism in the different cohorts.  
Dutch cohort: subjects UMCG, Belgian cohort: subjects KU Leuven. HC: Healthy Controls, DLB: subjects with Lewy Body Dementia 

Occipital: Occipital cortex SUVR: Standardized Uptake Value Rate VOI: Volume Of Interest. Correlation between visual cortex 

metabolism and DLBRP in the different groups      
 

 

We assessed the correlation between the visual cortex metabolism SUVR and the Z-score 

derived from the SSM PCA in both DLB cohorts (Figure 5) and found a moderate 

agreement between the values (Dutch cohort p is 0.689 and the Belgian cohort p is 

0.326). Since we already demonstrated a difference between the two DLB populations 

regarding the presence of visual hallucinations, i.e. 23 of 37 Belgian versus 18 of 19 

Dutch DLB patients, we assessed the correlation of this factor with the derived DLBRP  

score (Figure 6), but this was not significant (p=0.097).    
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Figure 5: The correlation between visual cortex metabolism and the DLBRP 

DLBRP: DLB related pattern Z-score, derived from the SSM/PCA. SUVr: Standardized Uptake Value Rate in mean value  

 

 

Figure 6: DLBRP and  presence of visual hallucinations in the Belgian DLB subjects  

DLBRP: DLB related pattern expression Z-score, derived from the SSM/PCA.HC: Healthy Controls (subject number)VH: Visual 

NLHallucinations in subjects with Lewy Body Dementia (subject number) 
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4. DISCUSSION 

In the present study we identified a spatial covariance metabolic brain pattern for DLB 

(DLBRP), characterized by relatively decreased metabolism in the occipital cortex 

(including the primary visual cortex), parietal cortex and lateral frontal cortex. The 

specific hypometabolic pattern of particularly the association of parietal and occipital 

reductions in FDG uptake is consistent with previous reports39,40. The presented DLBRP 

in Dutch patients reached a significant expression in the independent Belgian DLB 

cohort. The DLBRP expression thus highlights a significant and consistent hallmark of 

the clinical diagnosis of DLB. Although, patients were older than healthy controls (HC), 

there was no significant correlation of this pattern with age. In the fourth consensus 

report of the DLB consortium3, the lack of diagnostic specificity resulted in a markdown 

of 18F-FDG-PET imaging, from an indicative- to a supportive biomarker for DLB. The 

application of multivariate analysis techniques such as SSM PCA, however, enhances the 

potential benefit of 18F-FDG as a semi-quantitative41 and unbiased imaging biomarker40.   

SSM PCA multivariate ccovariance analysis techniques are considered appropriate 

methods to explore network activity and to provides insights in the pathophysiology of 

disease-related neural network changes. We found a moderate agreement between the 

Z-score derived from the DLBRP  and a decreased visual cortex metabolism in both 

cohorts. There was a discrepancy between the  decreased occipital cortex metabolism  

cortex in Dutch DLB subjects, which reached statistical significance when compared to 

Dutch HC, and the absence of such difference in the Belgian cohort. One of the reasons 

for such discrepancy might be that visual hallucinations were significantly less present 

in the Belgian cohort. Indeed, occipital 18F-FDG-PET topographic metabolic involvement 

has been shown to correlate with a higher prevalence of visual hallucination in previous 

studies19,40,42. An altered brain metabolic connectivity within visual network systems 

may promote visual hallucinations in DLB19. One might speculate that the observed 

differences in occipital metabolism between the two DLB cohorts is due to heterogeneity 

and differences in underlying neuropathology with variable involvement of ‘pure’ 

neocortical Lewy body pathology42. There is converging evidence that variable occipital 

hypometabolism reflects different degrees of underlying cholinergic impairment43, what 

is thought to be important factors of cognitive dysfunction44 in DLB45. Future molecular 

imaging studies targeting α-synucleinopathy are expected to shed further insights into 

the pathogenesis of DLB and the relationship between different pathologies and 

neurotransmitters46.  

The metabolic pattern of DLB (DLBRP) shows similarities with the ADRP25 and PDRP39,  

although tremor dominant PD subjects have a different metabolic pattern with primarily 

increases in the cerebellum and primary motor cortex47. It may be speculated that the 

overlap in metabolic pattern is caused by mixed neuropathology of DLB, placed in the 

spectrum of neurodegeneration between AD and PD48, as recently observed in 

proteinopathy imaging studies12. The clinical criteria for DLB3 are not sensitive enough 

to differentiate ‘pure DLB’ from mixed dementias. The clinical implication of this DLBRP 
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to clarify DLB-related network and to differentiate from other neurodegenerative 

disease pathology needs further investigation. Overall, we conclude that 18F-FDG-PET 

imaging, combined with semi-quantitative multivariate analysis techniques, such as SSM 

PCA, represents a reliable and valuable biomarker in DLB diagnosis.   
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