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Abstract 

Aims 

Cardiovascular risk factors, such diabetes, hypertension, blood pressure, obesity, and 

smoking, are linked with allostatic-interoception – the continuous monitoring of internal 

bodily states in anticipation of environmental demands. These risk factors are associated with 

dementia risk. How these factors affect brain networks vulnerable to neurodegeneration and 

involved in allostatic-interoception, such as the Allostatic-Interoceptive Network (AIN), is 

unknown. We investigated the relationship between cardiovascular risk and AIN structure 

and function in frontotemporal lobar degeneration (FTLD) and Alzheimer’s disease (AD). 

Methods 

We recruited 1501 participants (304 with FTLD, 512 with AD, and 685 healthy controls) 

from the Multi-Partner Consortium to Expand Dementia Research in Latin America 

(ReDLat). A cardiovascular risk score was calculated based on: age, sex, diabetes, 

hypertension, systolic blood pressure, body mass index, and smoking status. Cardiovascular 

risk was associated with gray matter integrity and functional connectivity in age- and sex-

matched patient-control groups focusing on predefined regions of interest within the AIN.  

Results 

Higher cardiovascular risk was associated with reduced structural integrity and functional 

connectivity within the AIN in both FTLD and AD. FTLD patients showed more extensive 

structural and functional connectivity disruptions throughout the AIN. In AD patients, 

structural reductions in the AIN were prominent, with functional connectivity restricted to the 

hippocampus, parahippocampal gyrus, and orbitofrontal regions 

Conclusions 

Cardiovascular risk factors appear to adversely impact the AIN structure and function, with 

disease-specific patterns of vulnerability. Results underscore the importance of integrating 
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cardiovascular health into models of neurodegenerative disease and managing cardiovascular 

health to support brain integrity in dementia. 

 



CVR-2025-0447: Cardiovascular risk and allostatic-interoception in dementia 

 1 

1 Introduction 

Cardiovascular risk factors, including diabetes, hypertension, blood pressure, obesity, and 

smoking, are strongly associated with an increased risk of developing dementia (1) 

contributing to neurodegeneration through heightened vascular burden (2). Emerging 

synergistic approaches to brain health and disease call for the integration of comorbidities 

such as cardiovascular risk factors in understanding dementia (3, 4). Indeed, population-based 

studies indicate that individuals with cardiovascular comorbidities are five times more likely 

to develop all-cause dementia, with this risk being independent of Alzheimer’s disease (AD)-

related genetic predispositions (5). However, the specific impact of cardiovascular risk 

factors on brain networks vulnerable to dementia remains poorly understood. 

 The predictive coding theory of allostatic interoception (6, 7) states that the brain 

anticipates and processes internal bodily signals to adapt to environmental demands (6-13). 

Allostatic overload arises when the body’s adaptive capacity is depleted over time due to 

chronic stress or environmental pressures  (6, 7, 11). Cardiovascular function and allostatic-

interoception are deeply interdependent (14-16). Higher allostatic load as measured by a 

composite score of cardiometabolic factors – such as blood pressure, body composition, 

cholesterol levels, and cortisol – has been linked to adverse aging  outcomes (17). Despite the 

connection between cardiovascular risk and allostatic-interoception, no study has examined 

how cardiovascular risk factors influence brain networks particularly vulnerable to dementia. 

Emerging evidence has shown that dysfunction in allostatic-interoception, 

encompassing behavioral, peripheral, and neural measures, are observed in frontotemporal 

lobar degeneration (FTLD) syndromes (13, 18-27), particularly in behavioral variant 

frontotemporal dementia (bvFTD). While evidence for interoceptive impairment in AD is 

mixed (18, 19, but see 22), altered allostatic markers have been consistently reported (26, 28-

31). Allostatic-interoception is supported by the allostatic-interoceptive network (AIN), a 
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large-scale brain network that includes cortical and subcortical structures (e.g., insula, 

anterior cingulate cortex, orbitofrontal cortex, amygdala, hippocampus, parahippocampus, 

and thalamus)(6, 7, 18). Disruptions in the structural and functional integrity of the AIN have 

been documented in both FTLD and AD (18). However, the relationship between 

cardiovascular risk factors and changes in the AIN in dementia remains largely unexplored. 

 Taken together, this evidence suggests a hypothesis: cardiovascular risk factors may 

influence the AIN in dementia (6-8, 32, 33). Majority of studies to date, however, have 

predominantly focused on total gray matter volume (32-34), which does not provide a 

measure of specific brain structures associated with cardiovascular risk. Whilst some studies 

have focused on a limited subset of brain regions (e.g., hippocampus), these have been 

conducted in healthy adults or aging populations (32, 33, 35, 36) limiting their application to 

dementia populations. Critically, no study has investigated how cardiovascular risk factors 

may influence both structural and functional changes in the brain within AIN, a key network 

that we propose is related to cardiovascular risk. Further, no study has examined how 

cardiovascular risk factors contribute to neurodegeneration in dementia syndromes such as 

FTLD and AD, where allostatic-interoception dysfunction has been reported (18-22, 27). 

Further, to our knowledge, this association has not been investigated in Latin America, where 

cardiovascular risk factors are increased in the general population (37-39). Understanding 

how cardiovascular risk factors may relate to underlying neural mechanisms in dementia 

syndromes will further refine our understanding of these diseases and may bolster future 

precision medicine approaches by reducing comorbid risk factors. 

In the current study, we recruited a Latin American and US cohort (N = 1501) from 

the Multi-Partner Consortium to Expand Dementia Research in Latin America (ReDLat)(31, 

32). We investigated cardiovascular risk factors (e.g., diabetes, hypertension, systolic blood 

pressure, body mass index, and current smoking status) using the non-laboratory-based 
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Framingham’s Risk Score (FRS)(40). We investigated the FRS alongside both structural and 

functional brain connectivity measures. Despite differences in allostatic-interoception and 

cardiovascular risk profiles in each dementia syndrome, we hypothesized that reduced 

structural and functional connectivity within the AIN would be associated with greater 

cardiovascular risk factors in both dementia syndromes, as evidence of an underlying 

neurobiological mechanism contributing to both processes. 

2 Methods 

2.1 Participants 

The experimental workflow is shown in Figure 1. We recruited 1501 participants, including 

304 FTLD patients, 512 AD patients, and 685 healthy controls (CN) from both Latin America 

and the United States (Supplementary Table 1-2 for subtype-specific information). All 

participants were recruited through ReDLat’s ongoing multicenter protocols (41, 42) 

involving clinical examination, neuropsychological testing, and magnetic resonance imaging 

(MRI). Patients were diagnosed with FTLD syndromes based on the current sets of diagnostic 

criteria, including prominent changes to behavior, personality and/or language (43, 44), and 

motor features (45-47). AD syndrome was diagnosed based on current sets of diagnostic 

criteria, including typical AD with an amnestic profile (48) and atypical variants based on 

language features (43), visual features (49), and behavior (50). All CNs scored >24 on the 

Mini Mental State Examination (MMSE)(51, 52). Exclusion criteria included presence of 

major primary cardiovascular compromise (i.e., cardiovascular disease), history of other 

neurological disorders, psychiatric conditions, or substance abuse. CNs were 

demographically matched (i.e., age and sex matched) to each patient group (FTLD or AD) 

using R MatchIt to create disease-control groups for comparison (53), due to demographic 

differences between patient groups and controls in the full dataset. Approximately 10% of 

AD cases were also removed during the matching process due to older age (> 85 years of 
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age). All participants or their caregivers provided informed consent in line with the 

Declaration of Helsinki. The study was approved by the Ethics Committees of the involved 

institutions. 

 

 

 
 

Figure 1. Experimental workflow. A) Sample characterization per country. Color bars 

indicate the number of participants. Circle plots represent the proportion of participants in 

each group. B) Assessment protocol. All participants underwent a clinical examination and 

had an MRI scan. The Framingham Risk Score (FRS) was calculated based on established 

non-laboratory measures, considering Age, Sex, Presence of Diabetes, Presence of 

Hypertension, Systolic blood pressure, Body mass index (BMI), and current smoking status. 

MRI measures included structural T1 MRI and resting state functional MRI (rsFMRI). C). 

Allostatic interoceptive network (AIN) regions investigated in the neuroimaging analyses. D) 

Brain-cardiovascular associations using the FRS were investigated in the AIN using 

structural voxel-based morphometry and functional connectivity analyses. 

 

  



CVR-2025-0447: Cardiovascular risk and allostatic-interoception in dementia 

 5 

2.2 Measures 

2.2.1 Cognition 

The Mini Mental State Examination (MMSE) was used to measure cognitive performance 

based on measures of attention, memory, language, and visuospatial abilities (52). Total 

MMSE scores are out of 30, with higher scores representing better performance. 

2.2.2 Disease severity 

Two measures of disease severity were calculated: 1) The Clinical Dementia Rating (CDR) in 

AD, and 2) the Clinical Dementia Rating scale – FTLD (CDR-FTLD) in FTLD. In brief, both 

measures assess functionality using a semi-structured interview with patients and their 

informants and cover six domains including memory, orientation, problem solving/judgment, 

community affairs, home and hobbies, and personal care (54). In addition, the CDR-FTLD 

includes measures of behavior relevant for FTLD patients (55). The CDR-SOB (Sum of 

Boxes) is calculated by summing each of the domain scores. Higher CDR-SOB scores 

represent greater functional impairment. 

2.2.3 Cardiovascular risk 

The Framingham's Risk Score (FRS) was calculated based on non-laboratory to measure 

cardiovascular risk (40). This score is previously validated (40), and measures cardiovascular 

risk based on age, biological sex (assigned male or female at birth), body mass index (BMI), 

systolic blood pressure, hypertension status (anti-hypertensive medication use and/or clinical 

report), diabetes status (diabetic medication and/or clinical report), and current smoking 

status (40)(Supplementary Table 3). High agreement between the non-laboratory-based and 

laboratory-based versions of the FRS has been reported (56-59). In brief, each measure is 

scored following previously validated guidelines, taking into account biological sex 

differences in cardiovascular risk (40). Higher FRS scores represent greater cardiovascular 

risk. Missing data were present in less than 10% of each variable necessary to calculate the 
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FRS and were evenly distributed across groups. To handle missing data, we employed 

multiple imputation using the MICE (Multivariate Imputation by Chained Equations) 

package in R (60). 

2.3 Neuroimaging acquisition 

Whole-brain structural MRI and resting-state functional MRI data were obtained, and 

standard pre-processing steps were followed as recommended by the Organization for Human 

Mapping (61, 62). Each center followed standard protocols (Supplementary Tables 4-5 

scanner details and acquisitions). 

2.4 Statistical analyses 

2.4.1 Demographics 

Demographic, neuropsychological, and cardiovascular risk variables were compared via t-

tests (i.e., age, education, cognition, cardiovascular risk), or chi-square tests (i.e., biological 

sex). All behavioral analyses were conducted using Python (v.3.10.12) with Pandas package 

(v.2.0.3)(63) and Statsmodel package (v.0.14.2)(64). 

2.4.2 Voxel-based morphometry 

Voxel-based morphometry (VBM) was performed using the Computational Anatomy 

Toolbox (CAT12, https://neuro-jena.github.io/cat/) in MATLAB R2022a. Standard pre-

processing steps were followed, including bias-field correction, noise reduction, skull 

stripping, segmentation, and normalization to the Montreal Neurological Institute (MNI) 

space with a resolution of 1.5 isotropic, using default parameters. Sample homogeneity and 

orthogonality checks were performed. Regions of interest (ROI) masks were created using 

the MarsBar toolbox (65) for the AIN (insula, anterior cingulate cortex, mid cingulate cortex, 

orbitofrontal cortex, amygdala, hippocampus, parahippocampus, and thalamus)(7, 8, 18) 

using the Automated Anatomical Labeling (AAL-2) atlas (66). Pearson correlations were 

conducted between TIV-corrected GM volume and cardiovascular risk. Within the AIN, 

https://neuro-jena.github.io/cat/
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regression analyses were conducted with the FRS score, controlling for group (FTLD vs CN; 

AD vs CN), scanner, and total intracranial volume. To directly compare our AD and FTLD 

groups, we transformed our pre-processed data by transforming the normalized and smoothed 

outputs to w-scored images (67-70). Here, w-scores (Mean = 0, Standard deviation = 1) show 

how different the observed GM volume in each voxel is (e.g., positive or negative w-score) 

than expected, based on an individual’s global composite score adjusted for specific 

covariates (e.g., age, sex, diagnosis, total intracranial volume, and scanner type). This 

approach has been previously used in neurodegenerative studies to account for demographic 

differences and scanner effects without losing information regarding diagnostic effects (67-

70). The resulting w-score maps of each individual were used for the direct comparison 

between AD and FTLD. Here, regression analyses were conducted with the FRS score and 

the interaction between FRS score and diagnosis (AD vs FTLD) was entered into the model. 

All clusters are reported using threshold-free cluster enhancement, at FDR-corrected, p<.05 

with a contiguous threshold of 50 voxels. 

2.4.3 Resting-state functional connectivity 

All data were pre-processed following a standard pipeline in CONN (22.a) (60, 61) using 

SPM (v.12)(71)(Supplementary methods). In brief, preprocessing steps involved spatial 

convolution smoothing with a Gaussian kernel of 6 mm full width half maximum (FWHM). 

Next, functional data were denoised using a standardized denoising pipeline in CONN (72). 

We focused our analyses on ROI-to-ROI functional connectivity between regions within the 

AIN (7, 8, 18), mirroring the masks outlined in our structural analyses for comparison 

(Supplementary materials for further details). Group-level analyses were performed using a 

General Linear Model (GLM)(72). For each individual connection a separate GLM was 

estimated, with first-level connectivity measures at this connection as dependent variables, 

and FRS as independent variable, with scanner and group as a covariate. Connection-level 
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hypotheses were evaluated using multivariate parametric statistics with random-effects across 

subjects and sample covariance estimation across multiple measurements. Inferences were 

performed at the level of individual clusters (groups of similar connections). Cluster-level 

inferences were based on parametric statistics within- and between- each pair of networks 

(Functional Network Connectivity)(73), with networks identified using a complete-linkage 

hierarchical clustering procedure based on ROI-to-ROI anatomical proximity and functional 

similarity metrics (72). Results were reported using familywise corrected p-FDR < 0.05 

connection- and cluster-level threshold (74). To directly compare the effects of the 

association between the FRS and functional connectivity between AD and FTLD, we applied 

a subsampling framework (75, 76) to the subset of connections that were statistically 

significant in either AD or FTLD models (n = 15). We conducted 1000 iterations of stratified 

random subsampling for each connection without replacement. In each iteration, we fitted an 

ordinary least squares (OLS) regression model predicting functioning connectivity from FRS 

scores, while adjusting for age, sex, and scanner type. The t-value associated with the RS 

coefficient was extracted from each model and stored, yielding empirical distributions of t-

values for AD and FTLD, representing the variability of the FRS-functional connectivity 

associations across groups. Next, we performed independent sample t-tests to compare the 

distribution of t-values, allowing us to test the differential impact of FRS on functional 

connectivity between AD and FTLD. 

2.5 Data availability statement 

Anonymized data that support the study findings are drawn from the BrainLat project (41), a 

large open access multimodal neuroimaging database that can be found here: 

https://www.synapse.org/Synapse:syn51549340/wiki/624187 (77). 

https://www.synapse.org/Synapse:syn51549340/wiki/624187
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3 Results 

3.1 Demographics, cognitive performance and cardiovascular risk 

No significant differences were observed between age and sex between FTLD and CN or AD 

and CN following matching (Table 1, Supplementary Tables 1-2 for subtype analyses). In 

both tandems (FTLD-CN, and AD-CN), patients had worse cognitive scores than the controls 

(both p’s <.001). FTLD and AD were in mild-to-moderate disease stages, on average. 

Cardiovascular risk scores did not differ between patients with dementia syndromes and CN 

tandems (both p’s > 05).  
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Table 1. Demographic and neuropsychological assessment between patients and control 

tandems. 

 

 CN FTLD Statistic p 

 (n = 304) (n = 304)   

Age 64.77 ± 8.60 65.44 ± 7.86 -0.99 0.320 

Sex (M:F) 166:138 166:138 0.00 1.000 

Education 14.56 ± 5.46 14.21 ± 4.15 0.85 0.395 

MMSE 28.14 ± 3.00 21.52 ± 6.47 15.97 <.001 

CDR-FTLD SoB - 8.64 ± 3.97 - - 

FRS 13.67 ± 3.99 13.80 ± 3.84 -0.40 0.687 

 CN AD Statistic p 

 (n = 432) (n = 429)   

Age 67.68 ± 7.25 68.33 ± 7.54 1.29 0.195 

Sex (M:F) 145:287 151:278 0.19 0.665 

Education 13.27 ± 5.92 12.92  ± 4.92 -0.96 0.335 

MMSE 27.50  ± 3.36 19.92  ± 4.92 -23.40 <.001 

CDR SoB - 5.82 ± 2.98 - - 

FRS 14.54  ± 3.90 15.01  ± 4.14 1.70 0.090 

Note. Abbreviations: AD = Alzheimer’s disease; CDR-SoB = Clinical Dementia Rating Sum 

of Boxes; CN = controls; FRS = Framingham’s Risk Score; FTLD = frontotemporal lobar 

degeneration; MMSE = Mini Mental State Examination 
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3.2 Increased cardiovascular risk is associated with reduced structural integrity of the 

AIN in dementia 

Expected patterns of atrophy were observed in each clinical syndrome compared to CNs 

(Supplementary Figures 1-2; Supplementary Tables 6-16). 

In FTLD, higher cardiovascular risk was associated with reduced structural integrity of the 

bilateral insula, thalamus, anterior cingulate cortex, and paracingulate cortex, and right 

amygdala, hippocampus, parahippocampus, temporal pole, and superior temporal gyrus. 

(Figure 2A, Supplementary Table 16). Similar results were observed when controlling for 

FTD subtype (Supplementary Table 17). 

In AD, higher cardiovascular risk scores were associated with reduced structural integrity of 

the bilateral amygdala, hippocampus, parahippocampal gyrus, superior temporal gyrus, 

temporal pole, insula, thalamus, anterior cingulate cortex, and paracingulate cortex (Figure 

2B, Supplementary Table 18). Similar results were observed when controlling for AD 

subtype (Supplementary Table 19). 

Direct comparisons between AD and FTLD after accounting for age and sex revealed that 

increased cardiovascular risk was associated with reduced grey matter integrity in key AIN 

regions (e.g., bilateral ACC, right insula) in FTLD compared to AD (Figure 3A, 

Supplementary Table 20). No clusters were observed where increased cardiovascular risk was 

associated with reduced grey matter integrity in AD compared to FTLD (Figure 3B).  
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Figure 2. Brain volume of the allostatic interoceptive network and cardiovascular risk in 

dementia. Reduced structural integrity associated with increased cardiovascular risk in A) FTLD 

syndromes and B) in AD syndromes. Whole brain plots display VBM results with TFCE values 

shown within predefined regions, with FDR p<.05. Scatterplots show GM volumes within 

predefined regions associated with cardiovascular risk scores. Spider plots display Pearson r-

values for correlations between each ROI and FRS score. Abbreviations: AMYG: Amygdala; 

CING: Cingulate; HIPP: Hippocampus; INS: Insula; ORB: Orbitofrontal cortex; THAL: 

Thalamus; FTLD: Frontotemporal Lobar Degeneration; AD: Alzheimer’s disease. 
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Figure 3. Reduced grey matter integrity associated with increased cardiovascular risk in A) 

FTLD vs AD, and B) AD vs FTLD. Whole brain plots display VBM results with TFCE values 

shown in predefined regions, with FDR p<.05  using a 50 contiguous voxel threshold. 
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3.3 Increased cardiovascular risk is associated with reduced AIN connectivity in 

dementia  

In FTLD, higher cardiovascular risk was associated with reduced resting-state functional 

connectivity in six clusters in FTLD (Figure 4A, Supplementary Table 20), including the 

bilateral insula (cluster 1), bilateral thalamus (cluster 2), bilateral parahippocampal gyrus, 

orbitofrontal cortex (medial part), and bilateral hippocampus (cluster 3), bilateral 

parahippocampal gyrus and orbitofrontal cortex (inferior, superior, and middle parts)(cluster 4), 

bilateral middle cingulate cortex and bilateral posterior cingulate cortex (cluster 5) and bilateral 

orbitofrontal cortex (medial part)(cluster 6). 

In AD, higher cardiovascular risk was associated with reduced resting-state functional 

connectivity in two clusters, involving bilateral parahippocampal gyrus, orbitofrontal cortex 

(medial part) and hippocampus (cluster 1), and the bilateral parahippocampal gyrus and 

orbitofrontal cortex (middle and superior)(cluster 2)(Figure 4B, Supplementary Table 21). 

Finally, we compared functional connectivity in FTLD and AD directly, based on the 

significant connections observed in each group separate (n = 15 connections). Here, a stronger 

effect was observed for higher cardiovascular risk in FTLD than in AD for 14/15 of the 

connections (Table 2), including reduced connectivity between the bilateral orbitofrontal cortex, 

hippocampus, parahippocampus, insula, and the left middle and posterior cingulate cortex. The 

reverse pattern was observed for one connection, where a stronger effect for higher 

cardiovascular risk was observed in AD than in FTLD in the right orbitofrontal cortex and left 

parahippocampal gyrus. These results largely mirror the pattern of results observed in the groups 

separately. 
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Figure 4. Allostatic interoceptive network functionality and cardiovascular risk in dementia. 

Reduced functional connectivity associated with increased cardiovascular risk in A) FTLD 

syndromes; and B) AD syndromes. In each panel, ROI-to-ROI connectivity maps are shown. 

Connectome rings show the strength of connectivity between each ROI, with color bars 

representing the connectivity strength using t-values. Radial plots show the number of 

connections of each ROI to different regions, with color bars representing the maximum number 

of ROI connections. Abbreviations: CINGmid: Middle cingulate cortex; CINGpost: Posterior 

cingulate cortex; HIPP: Hippocampus; INS: Insula; ORBinf: Orbitofrontal cortex (inferior); 

ORBmed: Orbitofrontal cortex (medial); ORBmid: Orbitofrontal cortex (middle); ORBsup: 

Orbitofrontal cortex (superior); ParaHIPP: Parahippocampal gyrus; THAL: Thalamus. 
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Table 2. Functional connectivity comparisons between FTLD and AD using 1000 

subsampling models per group. 

 

Connection FTLD 

M  SD 

AD 

M  SD 

t P 

Frontal Med Orb R & Hippocampus L -1.64 ± 0.80 -0.18 ± 0.82 -40.48 <.0.000001 

Frontal Med Orb L & Hippocampus L -1.34 ± 0.80 0.08 ± 0.81 -39.35 <.0.000001 

Cingulum Mid L & Cingulum Post L -2.09 ± 0.76 -0.64 ± 0.89 -39.09 <.0.000001 

Thalamus L & Thalamus R -1.48 ± 0.79 -0.41 ± 0.89 -28.29 <.0.000001 

Frontal Med Orb R & Parahippocampal L -1.99 ± 0.75 -1.01 ± 0.85 -27.15 <.0.000001 

Frontal Sup Orb R & Parahippocampal L -1.42 ± 0.69 -0.68 ± 0.79 -22.51 <.0.000001 

Cingulum Mid L & Cingulum Post R -1.50 ± 0.77 -0.69 ± 0.84 -22.46 <.0.000001 

Frontal Med Orb L & Parahippocampal L -1.67 ± 0.84 -0.95 ± 0.84 -19.16 <.0.000001 

Insula L & Insula R -1.34 ± 0.75 -0.64 ± 0.98 -17.95 <.0.000001 

Frontal Med Orb L & Hippocampus R -1.12 ± 0.77 -0.50 ± 0.85 -17.18 <.0.000001 

Frontal Med Orb R & Parahippocampal R -1.56 ± 0.75 -0.93 ± 0.91 -16.99 <.0.000001 

Frontal Sup Orb R & Parahippocampal R -0.64 ± 0.70 -0.11 ± 0.73 -16.57 <.0.000001 

Frontal Inf Orb R & Parahippocampal L -0.87 ± 0.80 -0.41 ± 0.85 -12.38 <.0.000001 

Frontal Med Orb R & Hippocampus R -1.00 ± 0.76 -0.83 ± 0.82 -4.77 0.000002 

Frontal Mid Orb R & Parahippocampal L -0.72 ± 0.71 -1.00 ± 0.80 8.12 <.0.000001 

Note. Subsampling for each group N = 1000, degrees of freedom (df) for each comparison = 

1000. Abbreviations: AD, Alzheimer’s Disease, FTLD, Frontotemporal Dementia, M, Mean, SD, 

Standard deviation. 
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4 Discussion 

Our study provides the first evidence that cardiovascular risk factors are associated with 

substantial structural and functional features within the AIN in both FTLD and AD. While higher 

cardiovascular risk correlated with reduced structural integrity in similar brain regions of the 

AIN in both FTLD and AD, differences were observed in functional connectivity metrics, 

highlighting disease-specific network vulnerabilities. In FTLD, widespread reduced functional 

connectivity associated with greater cardiovascular risk was observed in the bilateral insula, 

cingulate cortex, orbitofrontal cortex, thalamus, and hippocampus, mirroring structural 

correlates. In AD, reduced connectivity was circumscribed within the hippocampus, 

parahippocampus, and orbitofrontal cortices. Further, direct comparisons between disease 

phenotypes revealed a stronger effect associated with cardiovascular risk in FTLD than in AD in 

both structural and functional analyses, when accounting for demographic differences. Our 

findings highlight similar structural burdens associated with cardiovascular risk, but the observed 

disease-specific functional alterations suggest that distinct pathways and network vulnerabilities 

are involved in cardiovascular risk in FTLD and AD. In the following paragraphs, we will 

consider the theoretical and clinical implications of this work, as well as the relevance for public 

policy and health initiatives to promote dementia prevention and improve dementia care. 

 Both structural and functional alterations within the AIN were associated with 

cardiovascular risk factors in FTLD and AD, which remained significant when considering 

disease subtypes within each syndrome. In FTLD, widespread structural and functional 

connectivity alterations were associated with cardiovascular risk in the AIN. This finding fits 

with emerging evidence of multimodal allostatic-interoceptive disruptions spanning behavioral, 

peripheral, and neural measures occurring within this syndrome, particularly within bvFTD (13, 

18-25, 27). Taken together, this evidence suggests that allostatic overload likely influences and 
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exacerbates disease mechanisms in FTLD syndromes, based on observed damage within the AIN 

(6, 7, 18). Somewhat surprisingly, in AD increased cardiovascular risk was also associated with 

widespread structural volume reductions in the AIN, whereas functional neuroimaging analyses 

in AD revealed a more targeted pattern of connectivity disruptions in select AIN regions, such as 

the hippocampus, parahippocampus, and orbitofrontal cortex. Prior studies have reported altered 

allostatic markers in AD (26, 28-31), noting that cardiometabolic burden may have a more 

substantial impact on AD risk than genetic factors (5). Therefore, a plausible mechanism 

underlying this disruption in AD is impaired insulin signaling in the brain (29). Impaired insulin 

signaling has a bidirectional relationship with allostatic load and has been proposed to exacerbate 

AD pathophysiology (29), particularly within the hippocampus (78) and in more vulnerable 

populations (29) similar to our patient cohort. In sum, our findings support the predictive coding 

theory of allostatic interoception (6-11), by showing that cardiovascular stress potentially 

disrupts the brain’s adaptive mechanisms likely via prolonged allostatic overload in both FTLD 

and AD. Further, reduced AIN connectivity and structural atrophy in FTLD and AD suggest that 

cardiovascular risks may hasten neurodegeneration by impairing interoceptive and emotional 

processing pathways (6, 7, 13, 18) 

The current work has several strengths. First, cardiovascular health was associated with 

brain structure and function in two distinct dementia syndromes within the AIN, even in the 

absence of major cardiovascular compromise (i.e., no differences were observed in 

cardiovascular risk between controls and patients). This study extends on previous literature 

focusing on cardiovascular risk and hippocampal volume in healthy aging (32, 33) and highlights 

how cardiovascular burden manifests in disruptions in AIN structure and function in dementia. 

Further, our results support synergistic embodied health approaches that consider whole-body 
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health in brain health (3, 4). Routine cardiovascular assessments in clinical settings could be a 

valuable and actionable addition to dementia care and prognosis (79). Indeed, mid-life 

cardiovascular risk factors are among the strongest predictors of later life dementia (1). 

Additionally, we assessed a large cohort including both Latin American and US participants 

using the FRS, a well-validated, widely used, and easily implementable measure of 

cardiovascular risk (40). The FRS is particularly suitable for studies in Latin American 

populations where harmonization across diverse sites is essential. Its inclusion of age, blood 

pressure, cholesterol, smoking, and diabetes aligns closely with known contributors to allostatic 

load and interoceptive dysfunction (14-17). Moreover, FRS has been applied across multiple 

global and LMIC settings (56-59), facilitating comparability and enabling integration with 

existing epidemiological data. This makes it a pragmatic and theoretically grounded tool for 

examining how cardiovascular burden affects the allostatic-interoceptive brain network in 

underserved populations. This cross-cultural approach provides much needed insights into 

underrepresented populations in dementia research. Recent evidence has highlighted greater 

structural inequalities as well as accelerated brain aging in dementia in Latin America compared 

to other parts of the world (68, 80, 81), combined with increased cardiovascular risk in this 

region (37-39). Although speculative, this work suggests that increased prevalence of 

cardiovascular risk factors and increased prevalence of dementia in Latin America (37-39, 82) 

may be driven by allostatic overload and may converge within the AIN. Finally, our multimodal 

neuroimaging approach allowed for a thorough examination of gray matter volume and 

functional connectivity of the AIN in dementia syndromes, offering a novel perspective on 

whole-body health in neurodegeneration. 
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The current study has some limitations that call for further research. First, our cross-

sectional design limits any direct causal interpretations between cardiovascular risk factors and 

neurodegenerative processes. Longitudinal studies are necessary to confirm causality between 

cardiovascular risk and structural and functional disruptions within the AIN. In addition, whether 

addressing cardiovascular risk factors in routine clinical practice in people with dementia has an 

impact on dementia prognosis warrants attention. Next, the cardiovascular measure we used, 

namely the Framingham’s Risk Score, was limited to non-laboratory measures as laboratory 

measures were not available across research centers. Although previous evidence suggest non-

laboratory measures these are comparable with laboratory measures  in measuring cardiovascular 

risk (56-59), other biomarkers associated with cardiometabolic risk and/or allostatic load (e.g., 

cholesterol, cortisol), and other relevant physical measures such as waist-to-hip ratio, or key 

lifestyle factors, such as physical inactivity, nutrition, life-time cigarette burden, and alcohol 

consumption measures were not measured. Future research is needed to determine how these 

factors may influence neurodegeneration, potentially via epigenetic mechanisms (83-85). In 

addition, demographic differences precluded comparisons between AD and FTLD, and a small 

portion of AD cases were excluded due to older age. Therefore, it is currently unknown whether 

differences in cardiovascular risk profiles between these dementia syndromes exist, as well as 

during different stages of dementia, and warrants further consideration. Finally, we did not 

measure genetic mutations in this study. Over two-thirds FTLD cases are considered to be 

“sporadic”, with no currently known genetic cause (86) and research suggests that cardiovascular 

risk factors predict the likelihood of AD beyond genetic factors alone (5). A recent study also 

reported greater prevalence of cardiovascular disease in sporadic than genetic FTD (87). The 

contribution of cardiovascular risk factors could be more pronounced in “sporadic” FTLD and 
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AD due to prolonged allostatic overload (6, 7, 13, 18). Future research comparing genetic vs 

sporadic cohorts will be useful to shed light on this topic. 

In conclusion, the current study evidenced substantial associations between 

cardiovascular health and AIN integrity in dementia. This work aligns with predictive coding 

theories (6-13), highlighting the role of cumulative cardiovascular stress on allostatic 

interoception networks vulnerable to dementia pathology. The management of cardiovascular 

risk factors could represent a key intervention strategy for dementia syndromes, potentially by 

reducing allostatic load on the AIN. Future work is needed to uncover longitudinal effects of 

cardiovascular risk on dementia and to determine if cardiovascular risk factors exacerbate 

neurodegenerative processes, together with clinical consideration of cardiovascular health in 

dementia diagnosis to minimize disease burden and improve patient outcomes. 
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Figure captions 

 

Figure 1. Experimental workflow. A) Sample characterization per country. Color bars indicate 

the number of participants. Circle plots represent the proportion of participants in each group. B) 

Assessment protocol. All participants underwent a clinical examination and had an MRI scan. 

The Framingham Risk Score (FRS) was calculated based on established non-laboratory 

measures, considering Age, Sex, Presence of Diabetes, Presence of Hypertension, Systolic blood 

pressure, Body mass index (BMI), and current smoking status. MRI measures included structural 

T1 MRI and resting state functional MRI (rsFMRI). C). Allostatic interoceptive network (AIN) 

regions investigated in the neuroimaging analyses. D) Brain-cardiovascular associations using 

the FRS were investigated in the AIN using structural voxel-based morphometry and functional 

connectivity analyses. 

 

Figure 2. Brain volume of the allostatic interoceptive network and cardiovascular risk in 

dementia. Reduced structural integrity associated with increased cardiovascular risk in A) FTLD 

syndromes and B) in AD syndromes. Whole brain plots display VBM results with TFCE values 

shown within predefined regions, with FDR p<.05. Scatterplots show GM volumes within 

predefined regions associated with cardiovascular risk scores. Spider plots display Pearson r-

values for correlations between each ROI and FRS score. Abbreviations: AMYG: Amygdala; 

CING: Cingulate; HIPP: Hippocampus; INS: Insula; ORB: Orbitofrontal cortex; THAL: 

Thalamus; FTLD: Frontotemporal Lobar Degeneration; AD: Alzheimer’s disease. 

 

Figure 3. Reduced grey matter integrity associated with increased cardiovascular risk in A) 

FTLD vs AD, and B) AD vs FTLD. Whole brain plots display VBM results with TFCE values 

shown in predefined regions, with FDR p<.05  using a 50 contiguous voxel threshold. 

 

Figure 4. Allostatic interoceptive network functionality and cardiovascular risk in dementia. 

Reduced functional connectivity associated with increased cardiovascular risk in A) FTLD 

syndromes; and B) AD syndromes. In each panel, ROI-to-ROI connectivity maps are shown. 

Connectome rings show the strength of connectivity between each ROI, with color bars 

representing the connectivity strength using t-values. Radial plots show the number of 

connections of each ROI to different regions, with color bars representing the maximum number 

of ROI connections. Abbreviations: CINGmid: Middle cingulate cortex; CINGpost: Posterior 

cingulate cortex; HIPP: Hippocampus; INS: Insula; ORBinf: Orbitofrontal cortex (inferior); 

ORBmed: Orbitofrontal cortex (medial); ORBmid: Orbitofrontal cortex (middle); ORBsup: 

Orbitofrontal cortex (superior); ParaHIPP: Parahippocampal gyrus; THAL: Thalamus. 
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Supplementary materials 

Supplementary methods 

Demographics, cognitive assessment, and cardiovascular risk in FTLD and AD subtypes 

Demographics, cognitive assessment, and cardiovascular risk was compared between FTD 

subtypes and controls (Supplementary Table 1) and AD subtypes and controls (Supplementary 

Table 2).  

FTD subtypes 

In brief, no significant differences were found for age or sex in FTD subtypes and controls. FTD 

mixed (corticobasal syndrome, progressive supranuclear palsy and FTD with motor neuron 

disease) had fewer years of education compared to bvFTD and controls. All FTD subtypes 

showed worse cognitive performance than controls, and nfvPPA had lower cognitive scores than 

bvFTD. bvFTD and svPPA had a more severe dementia stage than nfvPPA, and bvFTD had a 

more severe disease stage than FTD-mixed. Cardiovascular risk scores were not significantly 

different between FTD subtypes and controls. 

AD subtypes  

In AD subtypes, PCA were significantly younger than ADa. Further, fv-AD and lvPPA had the 

reversed pattern of expected frequencies for sex. ADa had fewer years of education compared to 

lvPPA. All AD subtypes showed worse cognitive performance than controls. All AD-subtype 

patients were at a mild-to-moderate disease stage on average. Notable differences in disease 

stages were that PCA patients had a more severe disease stage than lvPPA. Finally, PCA patients 

had a lower cardiovascular risk score compared to ADa patients.

Manuscript clean version
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Supplementary Table 1. Demographics in FTD subtypes compared to controls. 

 CN bvFTD nfvPPA svPPA FTD mixed a Statistic p Post hoc 

 (n = 304) (n = 189) ( n = 38)  (n = 52) (n = 25)    

Age 64.78 ± 8.60 64.49 ± 7.99 67.5 ± 7.43 66.27 ±7.54 67.76 ± 7.25 2.11 0.078 ns 

Sex (M:F) 166:138 113:76 16:22 23:29 14:11 11.48 0.175 ns 

Education 14.56 ± 5.46 14.68 ± 4.14 13.68 ± 4.83 14.31 ± 4.59 11.32 ± 4.54 2.87 0.022 FTD mixed < bvFTD & CN 

MMSE 28.14 ± 3.00 22.11 ± 6.43 19.46 ± 8.97 20.12 ± 4.91 22.96 ± 4.24 69.71 <.001 All < CN; nfvPPA < bvFTD 

CDR - 9.38 ± 3.79 6.17 ± 4.97 8.62 ± 2.98 6.96 ± 3.51 9.28 <.001 nfvPPA < svPPA & bvFTD 

FTD mixed < bvFTD 

FRS 13.67 ± 3.99 13.66 ± 3.95 14.29 ± 3.97 13.71 ± 3.27 14.36 ± 4.07 0.39 0.818 ns 

Note. Post hoc tests were conducted using Tukey HSD, FWE p <.05; a FTD mixed = 9 CBS, 12 PSP, 2 FTD-MND. Abbreviations: 

bvFTD = behavioral-variant frontotemporal dementia; nfvPPA = nonfluent-variant of primary progressive aphasia; svPPA = semantic-

variant primary progressive aphasia; FTD = frontotemporal dementia; CBS = Corticobasal syndrome; CN = controls; PSP = 

Progressive supranuclear palsy’ FTD-MND = FTD with motor neuron disease; ns = not significant.  

  



 Supplementary materials 3 

Supplementary Table 2. Demographics in AD subtypes compared to controls. 

 CN ADa Atypical AD Statistic p Post hoc 

   lvPPA PCA fv-AD    

 (n = 432) (n = 375) (n = 24) (n = 13) (n =17)    

Age 67.68 ± 7.25 69.07 ± 7.42 66.08 ± 6.59 62.54 ± 7.24 65.41 ± 8.28 4.88 <.001 PCA < ADa 

Sex (M:F) 113:241 145:287 14:10 5:8 11:6 14.33 0.014 fv-AD & lvPPA only a 

Education 13.27 ± 5.92 12.47 ± 4.93 15.75 ± 4.11 14.69 ± 4.55 14.88 ± 3.77 3.09 0.009 ADa < lvPPA  

MMSE 27.50 ± 3.36 20.50 ± 5.18 18.33 ± 8.23 16.83 ± 4.55 18.35 ± 6.53 123.39 <.001 All patients < CN 

 

CDR - 5.79 ± 2.81 5.0 ± 2.73 7.77 ± 3.15 5.32 ± 1.86 2.65 0.032 lvPPA < PCA 

FRS 14.54 ± 3.90 15.23 ± 4.18 14.29 ± 3.21 11.77 ± 3.15 14.24 ± 3.60 2.80 0.016 PCA < ADa 

Note. Post hoc tests were conducted using Tukey HSD, FWE p < .05; a For fv-AD & lvPPA, the actual sex frequencies were reversed 

compared to the expected sex frequencies. Abbreviations: ADa = Alzheimer’s Disease amnestic; lvPPA = logopenic-variant of 

primary progressive aphasia; PCA = posterior cortical atrophy; fv-AD = frontal-variant of Alzheimer’s disease. 
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Measures 

Framingham’s Risk Score calculation 

The Framingham’s Risk Score (1) was calculated based on non-laboratory measures. Scoring is 

presented in Supplementary Table 3. Body mass index (BMI) was measured as a ratio between 

weight (kg) and height (cm) squared. Hypertension status (based on clinical reports and 

medication use) was taken into account when scoring systolic blood pressure. Smoking status 

related to the participant’s self-report of smoking. Diabetes status was based on clinical reports 

and medication use. 
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Supplementary Table 3. Framingham’s risk score calculations based on non-laboratory measures 

in females and males. 

 

Points Age BMI SBP 

(not 

treated) 

SBP 

(treated) 

Smoker Diabetes 

Women             

-3     <120       

-1       <120     

0 30-34 <25 120-129   No No 

1   25-29.9 130-139       

2 35-39 >=30   120-129     

3     140-149 130-139     

4     150-159   Yes   

5 40-44   160+ 140-149   Yes 

6 45-49     150-159     

8 50-54     160+     

10 55-59           

11 60-64           

12 65-69           

14 70-74           

15 75+           

Men             

-2             

0 30-34 <25 120-129 <120 No No 

1   25-29.9 130-139       

2 35-39 >=30 140-149 120-129     

3     160+ 130-139   Yes 

4       140-159 Yes   

5 40-44     160+     

7 45-49           

8 50-54           

10 55-59           

11 60-64           

13 65-69           

14 70-74           

15 75+           

 Note. Abbreviations: BMI = Body Mass Index; SBP = Systolic Blood Pressure 
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Resting state functional connectivity analysis 

Preprocessing. Functional data were smoothed using spatial convolution with a Gaussian kernel 

of 6 mm full width half maximum (FWHM). 

Denoising. In addition, functional data were denoised using a standard denoising pipeline (2) 

including the regression of potential confounding effects characterized by white matter 

timeseries (5 CompCor noise components), CSF timeseries (5 CompCor noise components), 

motion parameters and their first order derivatives (12 factors)(3), outlier scans (below 526 

factors)(4), session and task effects and their first order derivatives (2 factors), and linear trends 

(2 factors) within each functional run, followed by bandpass frequency filtering of the BOLD 

time series (5) between 0.008 Hz and 0.09 Hz. CompCor(6, 7) noise components within white 

matter and CSF were estimated by computing the average BOLD signal as well as the largest 

principal components orthogonal to the BOLD average, motion parameters, and outlier scans 

within each subject's eroded segmentation masks. From the number of noise terms included in 

this denoising strategy, the effective degrees of freedom of the BOLD signal after denoising 

were estimated to range from 0 to 107.7 (average 52.3) across all subjects (8). 

First-level analysis. ROI-to-ROI connectivity (RRC) matrices were estimated characterizing the 

functional connectivity between each pair of regions among 116 ROIs (9). Functional 

connectivity strength was represented by Fisher-transformed bivariate correlation coefficients 

from a general linear model (weighted-GLM(1)), estimated separately for each pair of ROIs, 

characterizing the association between their BOLD signal time series. In order to compensate for 

possible transient magnetization effects at the beginning of each run, individual scans were 

weighted by a step function convolved with an SPM canonical hemodynamic response function 

and rectified.

https://web.endnote.
https://web.endnote.%3D
https://web.endnote.%3D
https://web.endnote.%3D%3D
https://web.endnote.%3D%3D
https://web.endnote.
https://web.endnote.%3D
https://web.endnote.
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Supplementary Table 4. Structural MRI acquisition protocols.  

Scanner Scanner Model Sequence name TR 

(ms) 

TE 

(ms) 

Flip angle 

(°) 

No. slices Matrix 

dimensions 

Voxel size 

(mm) 

1 GE Signa HDxt 1.5T SAG T1 3D 6500 2.78 12 106 512 x 623x 106 0.5 x 0.5 x 0.5 

2 Philips Achieva 3T TFE 7620 3.70 8 256 170 x 240 x 240 1 x 1 x 1 

3 Philips Ingenia 3T T1 3D FFE 7780 3.60 8 576 355 x 576 x 576 0.5 x 0.4 x 0.4 

4 Philips Ingenia Elition X 3T T1 3D FFE 7780 3.55 8 576 355 x 576 x 576 0.5 x 0.4 x 0.4 

5 Siemens Biograph_mMR 3T MP RAGE 2300 2.9 9 256 176 x 240 x 256 1 x 1 x 1 

6 Siemens Magnetom Lumina 3T MP RAGE 1800 2.13 8 256 192 x 256 x 256 1 x 1 x 1 

7 Siemens PrismaFit 3T MP RAGE 2300 2 9 256 160 x 240 x 256 1 x 1 x 1 

8 Siemens Skyra 3T MP RAGE 1700 2.25 8 224 208 x 224 x 224 1 x 1 x 1 

9 Siemens Spectra 3T MP RAGE 1900 2.42 9 256 176 x 256 x 256 1 x 1 x 1 

10 Siemens TrioTim 3T MP RAGE 2300 2 9 256 160 x 240 x 256 1 x 1 x 1 

11 Siemens Verio 3T MP RAGE 2300 2.9 9 256 176 x 240 x 256 1 x 1 x 1 
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Supplementary Table 5. Resting-state fMRI protocol information. 

 

Scanner Scanner Model TR 

(ms) 

TE 

(ms) 

Voxel size 

(mm) 

No. volumes Matrix 

dimension 

Flip angle 

(°) 

No. 

slices 

Duration 

(min) 

1 GE Signa HDxt 1.5T  2500 30 3.7 x 3.7 x 5 120 64 x 64 50 33 5 

2 Philips Achieva 3T 3000 30 3 x 3 x 3 160 80 x 80 90 40 8 

3 Philips Ingenia 3T 4970 30 2.5 x 2.5 x 2.7 121 96 x 96 82 45 10 

4 Philips Ingenia Elition X 3T 4970 30 2.5 x 2.5 x 2.7 121 96 x 96 82 45 10 

5 Siemens Biograph_mMR 3T 3000 30 3.4 x 3.4 x 3.4 197 64 x 64 90 48 10 

6 Siemens Magnetom Lumina 3T 2500 30 2.5 x 2.5 x 2.5 235 94 x 94 94 66 10 

7 Siemens PrismaFit 3T  2000 32 2.2 x 2.2 x 2.2 560 96 x 96 45 66 8 

8 Siemens Skyra 3T 2660 30 3 x 3 x 3 300 76 x 76 90 46 10 

9 Siemens TrioTim 3T 2000 27 2.5 x 2.5 x 3.5 240 92 x 92 80 36 8 

10 Siemens Verio 3T  3000 30 3.4 x 3.4 x 3.4 197 64 x 64 90 48 10 
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Supplementary results 

Structural neuroimaging results 

Patterns of brain atrophy 

Supplementary Table 6. Atrophy patterns in FTLD combined compared to healthy controls. 

         MNI       

Peak region Association regions Side Size X Y Z t FWE p 

Hippocampus Putamen, insula L 376724 -32 -14 -12 21.30 <.001 

Insula Inferior frontal gyrus L - -36 14 4 21.01 <.001 

Insula Orbitofrontal cortex L - -34 21 -9 20.96 <.001 

Note. Whole brain voxelwise, FWE, p <.001, 100 contiguous voxels.
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Behavioural-variant frontotemporal dementia (bvFTD) 

Supplementary Table 7. Atrophy patterns in bvFTD compared to healthy controls. 

         MNI       

Peak region Association regions Side Size X Y Z t *p 

Rectus Orbitofrontal cortex (medial), insula L 59428 -2 38 -16 5.24 <0.001 

Orbitofrontal cortex  Insula, rectus,  R - 8 45 -12 4.96 <0.001 

Middle cingulate cortex Paracentral lobule L - -3 -26 40 4.93 <0.001 

Postcentral gyrus Parietal cortex (inferior and superior) R 1212 39 -38 56 4.40 <0.001 

Parietal cortex (inferior) Angular gyrus, parietal cortex (superior) R - 38 -51 51 3.85 <0.001 

Occipital (mid) Occipital (superior), cuneus L 477 -28 -86 24 4.04 <0.001 

Occipital (mid) Occipital (superior), cuneus L - -24 -90 15 3.54 <0.001 

Postcentral gyrus  Precentral gyrus, supramarginal gyrus L 814 -52 -12 30 4.00 <0.001 

Middle frontal gyrus Inferior frontal gyrus, superior frontal gyrus R 620 42 45 14 3.91 <0.001 

Middle frontal gyrus Inferior frontal gyrus, superior frontal gyrus R - 40 40 32 3.82 <0.001 

Occipital (mid) Middle temporal gyrus, occipital (superior) R 210 39 -80 18 3.88 <0.001 

Middle temporal gyrus Superior temporal gyrus, inferior temporal gyrus R 1272 62 -28 -2 3.86 <0.001 

Middle temporal gyrus Superior temporal gyrus, inferior temporal gyrus R - 62 -24 -15 3.76 <0.001 

Middle temporal gyrus Superior temporal gyrus, supramarginal gyrus R - 62 -48 12 3.68 <0.001 
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Precentral gyrus Postcentral gyrus, superior frontal gyrus R 167 40 -16 58 3.84 <0.001 

Postcentral gyrus Parietal (inferior), supramarginal gyrus L 286 -50 -33 50 3.69 <0.001 

Precentral gyrus Frontal inferior operculum R 236 51 -3 33 3.66 <0.001 

Middle temporal gyrus Occipital (middle and inferior) L 291 -45 -69 9 3.57 <0.001 

Middle temporal gyrus Inferior temporal gyrus, occipital (inferior) L - -51 -64 -3 3.53 <0.001 

Postcentral gyrus Precentral gyrus, parietal (inferior) L 171 -34 -22 52 3.57 <0.001 

Superior temporal gyrus Supramarginal gyrus, rolandic operculum R 261 58 -33 18 3.55 <0.001 

Occipital (mid) Parietal (inferior), occipital (inferior) L 120 -28 -76 40 3.53 <0.001 

Precentral gyrus Paracentral lobule, Supplementary motor area R 149 16 -26 69 3.48 <0.001 

Occipital  - R 157 26 -88 27 3.44 <0.001 

Cuneus - R - 14 -82 34 3.27 0.001 

Occipital - R - 30 -87 16 3.11 0.001 

Note. Whole brain voxelwise, *p <.001 uncorrected. 100 contiguous voxels. 
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Nonfluent variant primary progressive aphasia (nfvPPA) 

Supplementary Table 8. Atrophy patterns in nonfluent primary progressive aphasias compared to healthy controls. 

         MNI       

Peak region Association regions Side Size X Y Z t *p 

Postcentral Precentral gyrus, parietal (inferior)  L 29361 -51 -8 38 5.68 <0.001 

Superior temporal gyrus Heschl’s gyrus, rolandic operculum, insula L - -63 -14 9 5.00 <0.001 

Superior temporal gyrus Heschl’s gyrus, rolandic operculum, insula L - -50 -10 3 4.84 <0.001 

Supplementary motor Superior frontal gyrus L 13193 -4 12 51 5.57 <0.001 

Precuneus Calcarine L - -2 -63 22 4.65 <0.001 

Middle cingulate cortex Superior frontal gyrus (medial), anterior cingulate cortex  L - -4 24 36 4.56 <0.001 

Precentral gyrus Frontal operculum (inferior) R 6554 52 -3 33 4.78 <0.001 

Rolandic operculum Heschl’s gyrus, insula, superior temporal gyrus R - 58 -6 9 4.30 <0.001 

Postcentral gyrus Precentral gyrus, rolandic operculum R - 64 0 21 4.27 <0.001 

Inferior temporal gyrus Cerebellum L 1905 -45 -50 -24 4.30 <0.001 

Fusiform Cerebellum, Occipital (inferior) L - -28 -72 -14 3.77 <0.001 

Fusiform Cerebellum L - -21 -78 -12 3.68 <0.001 

Occipital (mid) Middle temporal gyrus, Occipital (superior) R 697 42 -81 16 4.14 <0.001 

Occipital (mid) Occipital (superior), cuneus R - 28 -86 12 3.28 0.001 

Occipital (mid) Angular gyrus, Middle temporal gyrus R - 46 -72 27 3.27 0.001 
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Middle frontal gyrus Inferior frontal gyrus, superior frontal gyrus L 600 -45 54 14 4.08 <0.001 

Inferior frontal gyrus Middle frontal gyrus L - -42 45 2 3.99 <0.001 

Fusiform Lingual gyrus, cerebellum R 629 26 -80 -14 4.03 <0.001 

Lingual gyrus Cerebellum R - 15 -81 -12 3.68 <0.001 

Occipital (inferior) Inferior temporal gyrus, middle temporal gyrus L 466 -51 -68 -4 3.98 <0.001 

Angular gyrus Superior temporal gyrus, middle temporal gyrus R 499 57 -57 24 3.94 <0.001 

Middle temporal gyrus Superior temporal gyrus, angular gyrus R - 63 -51 10 3.36 <0.001 

Middle temporal gyrus Superior temporal gyrus, angular gyrus R - 58 -64 12 3.34 <0.001 

Occipital - R 431 38 -76 39 3.93 <0.001 

Occipital - L 471 -27 -86 24 3.88 <0.001 

Occipital - L - -32 -80 21 3.67 <0.001 

Occipital - L - -24 -90 15 3.51 <0.001 

Thalamus - L 122 -2 4 -2 3.66 <0.001 

Note. Whole brain voxelwise, *p <.001 uncorrected. 100 contiguous voxels. 
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Semantic variant Primary Progressive Aphasia (svPPA) 

Supplementary Table 9. Atrophy patterns in the semantic variant of primary progressive aphasia compared to healthy controls. 

         MNI       

Peak region Association regions Side Size X Y Z t *p 

Fusiform Inferior temporal gyrus, parahippocampal gyrus L 159034 -33 -9 -39 10.08 <0.001 

Temporal pole Superior temporal gyrus, middle temporal gyrus L - -45 9 -21 9.71 <0.001 

Temporal pole Superior temporal gyrus, middle temporal gyrus L - -46 2 -16 9.65 <0.001 

Occipital (mid) Middle temporal gyrus, occipital (superior) R 1215 42 -81 18 4.11 <0.001 

Occipital (mid) Middle temporal gyrus, angular gyrus R - 51 -80 24 3.72 <0.001 

Occipital (mid) Occipital (superior), cuneus  R - 26 -84 10 3.71 <0.001 

Parietal (superior) Parietal (inferior), postcentral gyrus L 936 -30 -52 57 3.97 <0.001 

Parietal (inferior) Angular gyrus, occipital (middle) L - -33 -51 40 3.81 <0.001 

Parietal (inferior) Postcentral gyrus, angular gyrus L - -32 -42 42 3.73 <0.001 

Postcentral gyrus Parietal (inferior and superior) R 892 40 -36 56 3.89 <0.001 

Parietal (inferior) Supramarginal gyrus, postcentral gyrus R - 51 -36 50 3.86 <0.001 

Parietal (inferior) Supramarginal gyrus, parietal (superior) R - 56 -45 51 3.53 <0.001 

Parietal (superior) Angular gyrus, parietal (inferior) R 371 38 -57 54 3.67 <0.001 

Angular gyrus Parietal (superior and inferior) R - 32 -62 48 3.59 <0.001 
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Parietal (inferior) Angular gyrus, parietal (superior) R - 44 -57 48 3.57 <0.001 

Postcentral gyrus Parietal (inferior), supramarginal gyrus L 158 -51 -33 51 3.53 <0.001 

Postcentral gyrus Precentral, supramarginal gyrus L 256 -52 -12 30 3.49 <0.001 

Postcentral gyrus Parietal (inferior), supramarginal gyrus L - -50 -15 38 3.31 0.001 

Note. Whole brain voxelwise, *p <.001 uncorrected. 100 contiguous voxels. 
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Corticobasal syndrome, progressive supranuclear palsy, FTD with motor neuron disease (CBS, PSP, FTD-MND) 

Supplementary Table 10. Atrophy patterns in FTD-mixed, including corticobasal syndrome, progressive supranuclear palsy and 

FTD-with motor neuron disease features compared to healthy controls. 

 

         MNI       

Peak region Association regions Side Size X Y Z t *p 

Cerebellum Inferior temporal gyrus, fusiform gyrus L 1999 -46 -51 -30 4.54 <0.001 

Cerebellum - L - -54 -48 -42 4.13 <0.001 

Angular gyrus Parietal (inferior), occipital (middle) L 901 -33 -52 36 4.24 <0.001 

Parietal (superior) Parietal (inferior), postcentral gyrus L - -30 -50 57 3.33 <0.001 

Parietal (inferior) Postcentral gyrus, parietal (superior) L - -30 -44 46 3.29 0.001 

Precuneus Parietal (superior), paracentral lobule R 2657 10 -52 57 4.23 <0.001 

Paracentral lobule Precuneus, middle cingulate cortex L - -9 -38 63 4.17 <0.001 

Precuneus Parietal (superior), postcentral gyrus L - -9 -52 66 3.89 <0.001 

Postcentral gyrus Rolandic operculum, precentral gyrus, insula R 1180 68 2 15 4.15 <0.001 

Rolandic operculum Superior temporal gyrus, Heschl’s gyrus R - 66 -6 9 4.07 <0.001 

Precentral gyrus Frontal operculum (inferior), rolandic operculum R - 64 12 14 3.54 <0.001 
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Supplementary Motor Superior frontal gyrus R 945 6 -3 66 3.96 <0.001 

Supplementary Motor Superior frontal gyrus L - -4 -2 66 3.79 <0.001 

Supplementary Motor Superior frontal gyrus L - -8 8 72 3.42 <0.001 

Middle frontal gyrus Inferior frontal gyrus, superior frontal gyrus L 141 -44 56 15 3.76 <0.001 

Postcentral gyrus Precentral gyrus, rolandic operculum, insula R 168 44 -34 54 3.75 <0.001 

Superior frontal gyrus Middle frontal gyrus L 336 -24 39 27 3.68 <0.001 

Postcentral gyrus Precentral gyrus, Rolandic operculum L 555 -51 -14 28 3.67 <0.001 

Precentral gyrus Postcentral gyrus, parietal (inferior) L - -42 -10 40 3.67 <0.001 

Postcentral gyrus Postcentral gyrus, parietal (inferior) L - -36 -24 39 3.27 0.001 

Supplementary motor Paracentral lobule R 141 2 -22 54 3.52 <0.001 

Cerebellum - R 130 45 -56 -40 3.47 <0.001 

Cerebellum - R - 54 -60 -40 3.19 0.001 

Note. Whole brain voxelwise, *p <.001 uncorrected. 100 contiguous voxels. 
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Supplementary Figure 1. Atrophy compared to controls in FTLD vs controls (p-FWE, p<.001), and in 

subtypes (p-uncorr<0.001). 
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Alzheimer’s disease subtypes 

 

 
Supplementary Figure 2. Atrophy compared to controls in AD vs controls (p-FWE, p<.001), and in subtypes 

(p-uncorr<0.001)
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Supplementary Table 11. Atrophy patterns in Alzheimer’s disease combined compared to healthy controls. 

 

         MNI       

Peak region Association regions Side Size X Y Z t FDR p 

Amygdala 

Parahippocampal gyrus, olfactory cortex, temporal pole, 

superior temporal gyrus, putamen, orbitofrontal cortex 

(medial and posterior), rectus, hippocampus, insula, 

thalamus, anterior and posterior cingulate cortex, and 

precuneous bilaterally 

R 43986 21 4 -18 7.65 0.001 

Rectus Orbitofrontal cortex, superior frontal gyrus L - -9 30 -24 7.52 0.001 

Amygdala 

Olfactory cortex, temporal pole, superior temporal 

gyrus, Insula, orbitofrontal cortex (medial and 

posterior), parahippocampal gyrus, putamen, rectus 

L - -24 4 -18 7.43 0.001 

Middle frontal gyrus  
Superior frontal gyrus, inferior frontal gyrus, frontal 

pole 
L 168 -44 56 -2 2.35 0.015 

Middle frontal gyrus  
Orbitofrontal cortex (lateral and anterior), inferior 

frontal gyrus, superior frontal gyrus, frontal pole 
L - -42 50 -9 2.34 0.017 

Note. All Alzheimer’s presentations included (typical and atypical). All clusters are reported at TFCE, FDR-corrected p < .05, 50 

contiguous voxels threshold. Peak region relates to the coordinates displayed in the table; associate regions are within the cluster. Covariates 

included group (AD vs control), scanner, and TIV. 
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Alzheimer’s Disease subtypes 

 

Alzheimer’s Disease (amnestic) 

Supplementary Table 12. Atrophy patterns in Alzheimer’s disease with amnestic features (typical AD) compared to healthy controls. 

         MNI       

Peak region Association regions Side Size X Y Z t *p 

Amygdala Putamen R 678510 27 -9 -14 25.76 <.001 

Hippocampus Amygdala, putamen L  -27 -10 -14 25.73 <.001 

Hippocampus Parahippocampal gyrus, thalamus L  -27 -32 -8 23.15 <.001 

Cerebellum - R 1330 8 -60 -70 4.82 <.001 

Note. Whole brain voxelwise, *p <.001 uncorrected. 100 contiguous voxels. 
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Atypical Alzheimer’s Disease 

Logopenic-variant of Primary Progressive Aphasia 

Supplementary Table 13. Atrophy patterns in logopenic-variant primary progressive aphasia compared to healthy controls. 

         MNI       

Peak region Association regions Side Size X Y Z t *p 

Middle temporal gyrus Angular gyrus, superior temporal gyrus L 292468 -58 -58 15 12.02 <0.001 

Inferior temporal gyrus Temporal fusiform, occipital (inferior) L - -51 -52 -18 11.51 <0.001 

Middle temporal gyrus Superior temporal gyrus, Inferior temporal gyrus L - -64 -26 -4 11.39 <0.001 

Anterior cingulate cortex Orbitofrontal cortex (medial), rectus R 490 16 33 -8 3.80 <0.001 

Orbitofrontal cortex Middle frontal gyrus, orbitofrontal cortex R - 28 39 -14 3.51 <0.001 

Orbitofrontal cortex Superior frontal gyrus, Orbitofrontal cortex R - 20 48 -9 3.33 <0.001 

Note. Whole brain voxelwise, *p <.001 uncorrected. 100 contiguous voxels.
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Frontal-variant Alzheimer’s Disease 

Supplementary Table 14. Atrophy patterns of frontal-variant Alzheimer’s Disease compared to healthy controls. 

         MNI       

Peak region Association regions Side Size X Y Z t *p 

Middle frontal gyrus Superior frontal gyrus, inferior frontal gyrus L 107452 -32 57 12 7.18 <.001 

Middle temporal gyrus Inferior temporal gyrus, superior temporal gyrus L - -44 -21 -14 7.05 <.001 

Middle temporal gyrus Inferior temporal gyrus, superior temporal gyrus L - -57 -30 -9 6.87 <.001 

Insula Inferior frontal gyrus, inferior frontal operculum R 177 39 21 3 3.51 <.001 

Insula Inferior frontal operculum, putamen R - 38 8 8 3.39 <.001 

Note. Whole brain voxelwise, *p <.001 uncorrected. 100 contiguous voxels. 
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Posterior cortical atrophy 

Supplementary Table 15. Atrophy patterns of posterior cortical atrophy compared to healthy controls. 

         MNI       

Peak region Association regions Side Size X Y Z t *p 

Temporal fusiform Cerebellum, occipital (inferior) R 382446 28 -76 -15 12.18 <0.001 

Occipital (superior) Occipital (mid), cuneus R - 30 -86 26 10.71 <0.001 

Temporal fusiform Occipital (inferior), lingual R - 33 -60 -9 10.68 <0.001 

Note. Whole brain voxelwise, *p <.001 uncorrected. 100 contiguous voxels. 
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Structural correlates associated with cardiovascular risk 

 

Supplementary Table 16. Structural correlates of cardiovascular risk in FTLD. 

 

         MNI       

Peak region Association regions Side Size X Y Z t FDR p 

Insula 

Heschl’s gyrus, orbitofrontal cortex, middle frontal 

gyrus, amygdala, hippocampus, parahippocampus, 

thalamus, posterior cingulate cortex, planum polare, 

temporal pole 

R 8693 45 -15 9 7.14 0.002 

Insula 
Superior temporal gyrus, rolandic operculum, 

planum polare 
R - 51 2 -2 5.65 0.002 

Hippocampus Thalamus, parahippocampus R - 36 -36 -4 5.54 0.002 

Hippocampus 
Parahippocampal gyrus, thalamus, amygdala, 

insula,  
L 2634 -21 -42 -8 5.99 0.002 

Hippocampus Parahippocampal gyrus, thalamus, amygdala L - -34 -39 -4 4.96 0.002 

Hippocampus Thalamus, parahippocampal gyrus L - -15 -38 0 4.91 0.002 

Mid Cingulate cortex 
Anterior cingulate cortex, posterior cingulate cortex, 

orbitofrontal cortex bilaterally 
R 9280 2 -24 46 5.76 0.002 

Mid Cingulate cortex 
Posterior cingulate cortex, anterior cingulate cortex 

bilaterally 
R - 6 -16 48 5.54 0.002 

Mid Cingulate cortex Anterior cingulate cortex bilaterally R - 2 20 38 5.04 0.002 

Insula Rolandic operculum L 325 -38 -22 14 4.81 0.002 
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Insula Parietal operculum L - -36 -28 20 4.23 0.002 

Insula Heschl’s gyrus, planum polare L - -46 -10 4 3.89 0.002 

Orbitofrontal cortex Inferior frontal gyrus, insula L 210 -52 20 -4 4.08 0.002 

Orbitofrontal cortex Temporal pole L - -42 18 -15 2.39 0.028 

Superior frontal gyrus - R 172 28 64 -2 3.14 0.007 

Insula Frontal operculum cortex L 106 -40 20 4 2.67 0.015 

Superior frontal gyrus - R 66 6 62 -22 2.49 0.028 

Superior frontal gyrus - R - 15 66 -18 2.28 0.038 

Middle frontal gyrus   Orbitofrontal cortex L 114 -45 50 -10 2.43 0.028 

Middle frontal gyrus   - L - -45 56 -4 2.41 0.022 

Inferior frontal gyrus - R 70 36 39 -20 2.26 0.031 

Note. All FTLD subtypes included. All clusters are reported at TFCE, FDR-corrected p < .05, 50 contiguous voxels threshold. Peak region 

relates to the coordinates displayed in the table; associate regions are within the cluster. Covariates included group (FTLD vs control), 

scanner, and TIV. 
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FTLD subtypes 

 

We repeated our main analyses investigating cardiovascular risk while controlling for FTD 

subtypes (i.e., bvFTD, nfvPPA, svPPA, and CBS/PSP or FTD MND) to ensure that our results 

were not driven by the combination of FTD subtypes. Here, we replicated our main results, 

showing that increased cardiovascular risk was associated with AIN structures such as the 

bilateral insula, thalamus, amygdala, and hippocampus (Supplementary Table 17).
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Supplementary Table 17. Brain regions associated with cardiovascular risk in FTLD, controlling for FTLD subtype, scanner, and TIV. 

 

         MNI       

Peak region Association regions Side Size X Y Z t FDR p 

Insula Heschl’s gyrus, rolandic operculum R 9075 45 -15 9 6.95 0.002 

Hippocampus Thalamus, amygdala, parahippocampal gyrus, R - 16 -33 -4 5.47 0.002 

Hippocampus Thalamus R - 36 -36 -4 5.39 0.002 

Hippocampus Parahippocampal gyrus, thalamus L 2651 -21 -42 -8 5.93 0.002 

Hippocampus Parahippocampus L - -34 -39 -4 4.78 0.002 

Hippocampus Thalamus L - -15 -38 0 4.75 0.002 

Mid cingulate cortex Anterior cingulate cortex, posterior cingulate cortex R 9433 2 -24 46 5.81 0.002 

Mid cingulate cortex Anterior cingulate cortex, posterior cingulate cortex R - 6 -16 48 5.49 0.002 

Mid cingulate cortex Anterior cingulate cortex, posterior cingulate cortex R - 2 20 38 4.93 0.002 

Insula  Rolandic operculum, parietal operculum L 277 -38 -22 14 4.49 0.002 

Insula Parietal operculum L - -36 -28 20 4.01 0.003 

Insula Heschl’s gyrus L - -46 -10 4 3.59 0.004 

Inferior frontal gyrus Orbitofrontal cortex, frontal operculum L 222 -52 20 -4 4.02 0.002 

Orbitofrontal cortex Insula, superior temporal gyrus L - -42 18 -15 2.45 0.025 

Orbitofrontal cortex - R 200 28 64 -2 3.21 0.006 

Insula  Frontal operculum cortex, inferior frontal gyrus L 152 -40 20 4 2.8 0.011 

Orbitofrontal cortex - L 188 -45 56 -4 2.56 0.018 

Orbitofrontal cortex - L - -46 50 -10 2.54 0.022 
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Orbitofrontal cortex - L - -48 48 -2 2.19 0.042 

Orbitofrontal cortex - R 74 6 62 -22 2.54 0.028 

Orbitofrontal cortex - R - 15 66 -18 2.38 0.03 

Note. All clusters are reported at TFCE, FDR-corrected p < .05, 50 contiguous voxels threshold. Regions labelled with AAL2 atlas. 

Covariates included group (FTD subtype vs control), scanner, and TIV.
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Supplementary Table 18. Structural correlates associated with cardiovascular risk in AD. 

         MNI       

Peak region Association regions Side Size X Y Z t FDR p 

Amygdala 

Parahippocampal gyrus, olfactory cortex, temporal 

pole, superior temporal gyrus, putamen, 

orbitofrontal cortex (medial and posterior), rectus, 

hippocampus, insula, thalamus, anterior and 

posterior cingulate cortex, and precuneous 

bilaterally 

R 
4398

6 
21 4 -18 7.65 0.001 

Rectus Orbitofrontal cortex, superior frontal gyrus L - -9 30 -24 7.52 0.001 

Amygdala 

Olfactory cortex, temporal pole, superior temporal 

gyrus, Insula, orbitofrontal cortex (medial and 

posterior), parahippocampal gyrus, putamen, rectus 

L - -24 4 -18 7.43 0.001 

Middle frontal gyrus  
Superior frontal gyrus, inferior frontal gyrus, frontal 

pole 
L 168 -44 56 -2 2.35 0.015 

Middle frontal gyrus  
Orbitofrontal cortex (lateral and anterior), inferior 

frontal gyrus, superior frontal gyrus, frontal pole 
L - -42 50 -9 2.34 0.017 

Note. All Alzheimer’s presentations included (typical and atypical). All clusters are reported at TFCE, FDR-corrected p < .05, 50 

contiguous voxels threshold. Peak region relates to the coordinates displayed in the table; associate regions are within the cluster. Covariates 

included group (AD vs control), scanner, and TIV. 
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AD subtypes 

We repeated our main analyses controlling for AD subtype (typical amnestic AD, and atypical 

AD variants: frontal-variant AD, posterior cortical atrophy, logopenic variant primary 

progressive aphasia). Here, we replicated our main results, with reduced grey matter integrity in 

the bilateral amygdala, hippocampus, parahippocampal gyrus, superior temporal gyrus, temporal 

pole, insula, thalamus, anterior cingulate and paracingulate cortex were associated with higher 

cardiovascular risk scores in AD, controlling for AD subtypes (Supplementary Table 19).
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Supplementary Table 19. Brain regions associated with cardiovascular risk in AD, controlling for AD subtype, scanner, and TIV. 

         MNI       

Peak region Association regions Side Size X Y Z t FDR p 

Amygdala  Hippocampus, thalamus, parahippocampal gyrus, 

insula, Heschl’s gyrus, middle frontal gyrus, 

anterior cingulate cortex, posterior cingulate 

cortex 

R 

45381 21 4 -18 7.68 0.001 

Orbitofrontal cortex 

(superior) 

Parahippocampal gyrus, Insula, thalamus, 

amygdala, hippocampus 

L 

 -9 30 -24 7.48 0.001 

Amygdala Hippocampus, parahippocampal gyrus L  -24 4 -18 7.37 0.001 

Thalamus - R 88 21 -15 -2 3.44 0.001 

Orbitofrontal cortex 

(middle) 

- L 

257 -42 50 -9 2.52 0.012 

Middle frontal gyrus - L  -44 56 -2 2.5 0.010 

Note. All clusters are reported at TFCE, FDR-corrected p < .05, 50 contiguous voxels threshold. Regions labelled with AAL2 atlas. 

Covariates included group (AD subtype vs control), scanner, and TIV. 
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Supplementary Table 20. Reduced structural integrity associated with greater cardiovascular risk in 

FTLD than in AD.  

    MNI   

Peak region Associated regions Side Size X Y Z t FDR p 

Insula Heschl's gyrus R 164 42 -12 6 5.15 <.001 

Insula OFC R - 48 15 -8 4.87 <.001 

Insula Rolandic operculum R - 51 9 -3 4.73 <.001 

ACC ACC Bi 129 0 51 3 4.98 <.001 

ACC ACC  L - -2 48 15 4.74 <.001 

ACC ACC R - 2 40 24 4.16 <.001 

Note. All clusters are reported at TFCE, FDR-corrected p <.05, 50 contiguous voxels threshold. Peak 

region relates to the coordinates displayed in the table; associate regions are within the cluster. 

Covariates included TIV. Abbreviations: ACC, Anterior cingulate cortex; OFC, Orbitofrontal cortex.
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Functional neuroimaging results 

Supplementary Table 21. Reduced functional connectivity associated with increased cardiovascular 

risk in FTLD.  

 

Cluster F p Connections t p 

1 17.06 0.001 Insula R – Insula L -4.13 <0.001 

2 15.16 0.002 Thalamus R – Thalamus L -3.89 <0.001 

3 4.45 0.022 Parahippocampal L – Orbitofrontal (medial) R -4.26 <0.001 

- - - Orbitofrontal (medial) R - Parahippocampal L -4.26 <0.001 

- - - Orbitofrontal (medial) R - Parahippocampal R -3.57 0.0012 

- - - Parahippocampal R - Orbitofrontal (medial) R -3.57 0.0012 

- - - Parahippocampal L - Orbitofrontal (medial) L -3.26 0.0060 

- - - Orbitofrontal (medial) R – Hippocampus R -3.02 0.0013 

- - - Orbitofrontal (medial) L – Parahippocampal L -3.26 0.0060 

- - - Orbitofrontal (medial) R – Hippocampus L -2.80 0.0027 

- - - Hippocampus L – Orbitofrontal (medial) R -2.80 0.0027 

- - - Orbitofrontal (medial) L – Hippocampus R -2.66 0.0040 

- - - Hippocampus R – Orbitofrontal (medial) R -3.02 0.0013 

- - - Hippocampus R – Orbitofrontal (medial) L -2.66 0.0041 

- - - Parahippocampal R – Orbitofrontal (medial) L -2.17 0.0152 

4 3.96 0.038 Parahippocampal L – Orbitofrontal (superior) R -3.75 <0.001 

- - - Orbitofrontal (superior) R – Parahippocampal L -3.75 <0.001 

- - - Parahippocampal L – Orbitofrontal (middle) R -2.52 0.0060 

- - - Parahippocampal L – Orbitofrontal (inferior) R -2.36 0.0093 

- - - Parahippocampal R – Orbitofrontal (superior) R -2.55 0.0055 

5 4.45 0.038 Middle cingulate L – Posterior cingulate L -2.83 0.0024 

- - - Middle cingulate R – Posterior cingulate R -2.66 0.0040 

6 7.43 0.049 Orbitofrontal (medial) R – Orbitofrontal (medial) L -2.73 0.0030 

- - - Orbitofrontal (medial) L – Orbitofrontal (medial) R -2.73 0.0030 
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Note. ROI-to-ROI functional connectivity results are displayed. FDR p values shown at the cluster and 

ROI level. 
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Supplementary Table 22. Reduced functional connectivity associated with increased cardiovascular 

risk in AD.  

 

Cluster F p Connections t p 

     1 5.09 0.021 Parahippocampal R - Orbitofrontal (medial) R -3.94 <0.001 

-  - - Orbitofrontal (medial) R - Parahippocampal R -3.94 <0.001 

- - - Orbitofrontal (medial) R - Parahippocampal L -3.67 <0.001 

- - - Parahippocampal L - Orbitofrontal (medial) R  -3.67 <0.001 

- - - Parahippocampal R - Orbitofrontal (medial) L -3.39 <0.001 

- - - Parahippocampal L - Orbitofrontal (medial) L -2.93 0.0017 

- - - Orbitofrontal (medial) L - Parahippocampal R -3.39 <0.001 

- - - Orbitofrontal (medial) R - Hippocampus R -2.89 0.0020 

- - - Orbitofrontal (medial) L - Parahippocampal L -2.93 0.0017 

- - - Hippocampus R - Orbitofrontal (medial) R -2.89 0.0020 

2 4.30 0.043 Parahippocampal L - Orbitofrontal (middle) R -3.65 <0.001 

- - - Parahippocampal R - Orbitofrontal (middle) R -3.52 <0.001 

- - - Orbitofrontal (middle) R - Parahippocampal L -3.65 <0.001 

- - - Orbitofrontal (middle) R - Parahippocampal R -3.52 <0.001 

- - - Parahippocampal L - Orbitofrontal (superior) R -3.09 0.0010 

- - - Orbitofrontal (superior) R - Parahippocampal L -3.09 0.0010 

Note. ROI-to-ROI functional connectivity results are displayed. FDR p values shown at the cluster and 

ROI level.
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