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a b s t r a c t 

Background: Older females have higher Alzheimer’s Disease (AD) risk and tau burden, especially in early dis- 

ease stages, compared to males. Overlapping cardiovascular disease (CVD) and dementia risk factors, like the 

apolipoprotein (APOE)- 𝜀 4 allele, show mixed sex-specific results. We previously found that late-life CVD risk 

related more strongly to tau at a single timepoint in cognitively normal, older female APOE- 𝜀 4 carriers than in 

males. 

Objectives: Do composite and component CVD risk factors explain sex differences in tau accumulation in older 

adults with mild cognitive impairment (MCI) and underlying amyloid-beta (A 𝛽) pathology? 

Design: Longitudinal analysis in the Alzheimer’s Disease Neuroimaging Initiative (ADNI) cohort. 

Setting: ADNI is a multi-site longitudinal study across the United States and Canada. 

Participants: n = 52 older adults (aged 60–90), designated as both A 𝛽-positive and MCI. 

Measurements: CVD risk was measured by body mass index (BMI) and FRS, which includes age, systolic blood 

pressure (BP), high-density lipoprotein (HDL), total cholesterol, hypertension treatment, smoking, and diabetes. 

Regional standardized uptake value ratios (SUVRs) were extracted at each tau-PET timepoint. Composite SUVRs 

for Braak34 and Braak56 were calculated. Statistical models examined the separate and interactive effects of sex 

and APOE- 𝜀 4 on tau accumulation, and moderating effects of FRS, its components, or BMI, on tau accumulation. 

Results: Females accumulated more tau than males in bilateral Braak34 and right Braak56, while APOE- 𝜀 4 carriers 

trended toward more tau accumulation in left Braak56. FRS and its components did not relate to tau accumulation, 

nor influence sex effects, although they attenuated APOE- 𝜀 4 effects. In left Braak56, higher baseline BMI in males 

showed a trend toward greater tau accumulation. 

Conclusions: In MCI and A 𝛽-positive older adults, females accumulated more tau than males, and late-life vascular 

risk did not explain this relationship. Higher BMI related to more tau accumulation in males only, suggesting sex- 

specific vulnerability to BMI on brain health. Although replication in larger and more representative cohorts is 

needed, these findings corroborate accelerated tau progression in older females, independent of CVD risk, and 

suggest that vascular health has limited influence on tau progression once AD pathology is established in the 

brain. 
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. Introduction 

omen are affected by Alzheimer’s disease (AD) at a higher rate

han men [ 1 , 2 ], only partly explained by their greater longevity [ 3 , 4 ],

nd studies suggest that women have higher levels of pathological tau

 5–9 ], one of the hallmark AD pathologies, in the brain. This sex differ-

nce in pathology has been demonstrated in cognitively normal older

dults and across the AD diagnostic continnuum [ 6 , 7 ], but particu-

arly in the mild cognitive impairment (MCI) stage, females demonstrate

reater tau burden [ 8 ] and faster rates of tau accumulation over time

 9 ] compared to men. Furthermore, females tend to show higher vul-

erability to AD risk associated with the apolipoprotein 𝜀 4 (APOE- 𝜀 4)

llele, such that female carriers exhibit more rapid cognitive decline

 10 ], greater pathological tau burden [ 11 ], and higher AD incidence

ates [ 12 ], compared to male carriers. 

It has been established that cardiovascular disease (CVD) risk fac-

ors such as mid-life hypertension, smoking, and obesity are associated

ith higher risk for dementia in later-life [ 13 , 14 ]. Furthermore, animal

nd human studies have demonstrated that CVD risk factors promote

D-related neuropathology and overlap with well-established AD risk

actors [ 15 ], including the APOE- 𝜀 4 genotype. At a molecular level, the

POE genotype dictates the properties and functions of the resulting

rotein isoform, such that the APOE- 𝜀 2, APOE- 𝜀 3, and APOE- 𝜀 4 iso-

orms differentially interact with various lipoprotein receptors [ 16 ], in

urn influencing the level of plasma metabolites such as cholesterol.

his association has been explored as a potential mechanism by which

he APOE- 𝜀 4 genotype heightens plasma high density lipoprotein (HDL)

holesterol levels. Although the APOE- 𝜀 4 allele is the strongest genetic

isk factor for sporadic AD, there are conflicting results as to whether

POE- 𝜀 4-associated elevated HDL, especially in later-life, increases AD

isk [ 17 , 18 ]. 

More specific links between vascular risk factors and the AD patholo-

ies of amyloid-beta (A 𝛽) and pathological tau have also been ex-

lored. When coupled with A 𝛽, the Framingham Risk Score (FRS), a

omposite measure of vascular disease risk, has been associated with

igher tau burden in the inferior temporal cortex of cognitively nor-

al older adults [ 19 ]. Furthermore, longitudinal studies in cognitively

ormal older adult cohorts demonstrated that higher FRS was asso-

iated with increases in brain and cerebrospinal fluid (CSF) tau ac-

umulation [ 20 ]. Despite evidence of overall vascular risk relating to

reater tau pathology in later life, it is unclear whether certain com-

onents are working synergistically to promote pathology or whether

 specific component of cardiovascular risk may be driving these ef-

ects. For example, Vemuri et al. [ 21 ] found that hyperlipidemia had

 greater effect on entorhinal cortex tau compared to hypertension or

iabetes, whereas Glodzik et al. [ 22 ] found decreases in mean arte-

ial pressure related to increased pathological tau in CSF in hyperten-

ive participants only. There are also conflicting results on how the as-

ociations between vascular risk factors and AD-related outcomes dif-

er by sex; while Hayden et al. [ 23 ] and Gilsanz et al. [ 24 ] found

hat obesity and mid-life hypertension increased risk for incident de-

entia in females only, others found that hypertension and obesity

re associated with increased risk of incident AD specifically in males

 25 , 26 ]. 

In our previous cross-sectional study examining the relationship be-

ween CVD risk and early cortical tau deposition among older adults of

he Alzheimer’s Disease Neuroimaging Initiative (ADNI), we found that

ssociations were stronger for female APOE- 𝜀 4 carriers than male carri-

rs [ 27 ]. The current study investigates whether vulnerability to vascu-

ar disease risk factors might explain the higher longitudinal tau accu-

ulation in females with MCI and existing A 𝜀 pathology, compared to

ales. Our objective was to understand whether body mass index (BMI)

nd specific components of the FRS account for sex differences in tau

ccumulation in the Braak34 and Braak56 regions, where tau typically

preads during the MCI stage of AD. Based on our prior findings, we ex-

ected to find greater tau accumulation in females, driven by APOE- 𝜀 4
2

enotype, and we hypothesized that this difference might be accounted

or by BMI and other specific or compound vascular risk factors. 

. Methods 

.1. Participants 

Data were downloaded from the ADNI database, which is publicly

ccessible at https://adni.loni.usc.edu . ADNI is a multi-site longitudinal

tudy dedicated to characterizing the AD trajectory using neuroimag-

ng and biological methods. In order to enrich our sample for partic-

pants who were likely to accumulate tau, we restricted our sample to

hose who were MCI (ADNI diagnostic criteria described in Weiner et al.

 28 ]) and A 𝛽-positive based on A 𝛽-PET (Florbetapir-AV45) at baseline,

iven previous findings where associations between CVD factors and tau

athology were specific to A 𝛽-positive cohorts. Baseline A 𝛽 values were

sed to determine amyloid status, with the threshold for A 𝛽-positive

eing a standardized uptake value ratio (SUVR) greater than 1.44 in

egions including the frontal, temporal, parietal, and cingulate cortices

 29 ]. Among ADNI participants who were MCI and A 𝛽-positive at base-

ine, we included participants who had T1-weighed MRI data and two

au (Flortaucipir-AV1451) PET scans obtained between nine to thirty

onths apart. Additionally, we only included participants who had com-

lete clinical and medical history data required for the FRS calculations,

itals for baseline blood pressure (BP), and height and weight for BMI

alculations. Supplemental Figure 1 shows the flowchart for inclusion

f participants in the final analytical sample of n = 52. 

.2. Image Acquisition and Processing 

In ADNI, T1-weighted images were acquired at multiple study sites

nd underwent quality control and intensity normalization, further de-

cribed on the ADNI website ( https://adni.loni.usc.edu/data-samples/

dni-data/neuroimaging/mri/ ). T1-weighted scans were further pro-

essed using Freesufer v6.0 ( https://surfer.nmr.mgh.harvard.edu ),

hich included a subcortical segmentation and cortical parcellation

Desikan–Killainy atlas) to obtain volume measures for each region of

nterest (ROI). Tau-PET scans were acquired 75-105 minutes post injec-

ion of 10.0 mCi ± 10 % of AV-1451 and downloaded as raw data files

rom ADNI. Our tau-PET processing pipeline was modeled after “Flortau-

ipir (AV-1451) processing methods ” [ 30 ], which calculates a regional

UVR by coregistering the PET scan to the T1-weighted image, and then

ividing ligand signal in each Freesurfer-derived ROI by the signal in the

eference region, the cerebellar grey matter, as recommended for lon-

itudinal tau-PET processing [ 31 ]. Braak regions were calculated using

 previously defined approach in Landau & Jagust [ 30 ] from regional

artial volume corrected (PVC) tau SUVRs to calculate volume weighted

verages for Braak34 and Braak56. Braak12 was not investigated due to

nown off-target binding of AV-1451 in the choroid plexus [ 32 ]. Sup-

lemental Figure 1 illustrates criteria for participant inclusion/exclusion

or image processing, with participants who underwent image process-

ng ( n = 116) being removed throughout the pipeline for improper im-

ge format ( n = 9), lack of scanner smoothing information ( n = 12), and

utliers for time between tau-PET scans ( n = 15). 

.3. FRS and BMI Calculation 

The FRS, which is a sex-specific composite measure of CVD risk was

alculated following the method outlined in D’Agostino et al. [ 33 ]. Us-

ng each participant’s age, systolic BP, HDL and total cholesterol, hy-

ertension treatment status, smoking status, and diabetic status, points

re differentially allotted for males and females to generate an FRS

alue, where higher scores indicate more risk for developing CVD. For

RS calculation, age and sex were determined from subject demograph-

cs at baseline, which is available through ADNI “Subject Characteris-

ics ”. The systolic BP component of the FRS, as well as the height and

https://adni.loni.usc.edu
https://adni.loni.usc.edu/data-samples/adni-data/neuroimaging/mri/
https://surfer.nmr.mgh.harvard.edu
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Table 1 

Characteristics of the Sample by Sex. 
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eight used for BMI [53] calculation, was downloaded from ADNI “Vi-

al Signs [ADNI1, GO, 2, 3] ” file within Physical/Neurological Exams,

here measurements closest in time to the baseline PET scans were used.

MI was calculated as weight in kilograms / (height in meters)2. HDL

nd total cholesterol were obtained from the file “ADMC Nightingale

latform NMR Analysis of Lipoproteins and Metabolites Longitudinal

ADNI1, GO, 2] ” within Biospecimen Results in ADNI. For FRS, total

holesterol and HDL were converted to mmol/L by multiplying by 38.67,

hen rounded to the nearest whole number. Diabetic status was found

n the “Recent Medical History Details Log [ADNI1, GO, 2] ” file in the

edical History section of ADNI, and smoking status was self-reported

n “Medical History [ADNI1, GO, 2] ”. 

.4. Statistical approach 

Multiple regression analyses using PVC tau-PET data were used to

ssess change in tau levels over time. We used the covariate adjustment

pproach where baseline tau SUVR was included as a covariate in the

odel; a preferred alternative to difference score analysis to analyze

wo-wave longitudinal data [ 34 ]. Specifically we used a hierarchal re-

ression (ANCOVA-type approach) to regress tau SUVRs at the second

imepoint (dependent variable) for each Braak region onto baseline tau

alues and demographic predictors, or independent variables, including

ex, age, and APOE- 𝜀 4 status (model 1). Subsequent models introduced

RS (model 2) or component cardiovascular predictors (model 3). Car-

iovascular predictors included BMI as well as the individual compo-

ents of the FRS: HDL, smoking status, systolic BP, and total choles-

erol (variance inflation factor [VIF] values for these predictors were

ll less than 2). Diabetic status was not considered as a cardiovascular
3

isk component due to the inconsistencies in self-reported medical his-

ory, insulin-dependency, and serum insulin values, in determining sta-

us. Finally, we examined whether APOE- 𝜀 4, FRS, or BMI interact with

ex to predict tau accumulation. Model comparisons were based on the

ignificance of specific predictors and the difference in the total vari-

nce explained ( ΔR2). Significance was determined using a two-tailed

est, with p < 0.05. All analyses were conducted using R (version 4.3.1)

nd the base stats package. All models controlled for the time interval

etween scans. Model residuals for the first hierarchical model were ex-

mined for normality using the Lilliefors test and were found to satisfy

he normality assumption. Change scores (tau at second time point mi-

us baseline tau) were calculated for the purposes of plotting results. A

upplemental analysis using non-PVC data is included and reported in

upplemental Table 1. 

. Results 

.1. Participants 

See Table 1 for sample characteristics stratified by sex. The final

ample of 52 A 𝛽 positive subjects with MCI included 21 females and 31

ales. There were no significant differences between the average age

female vs. male M = 74.0 ± 7.7 yearsvs. 75.2 ± 6.5 years), systolic BP

female vs. male M = 128 vs. 129), BMI (female vs. male M = 30.1 vs.

7.9), nor in the percentage of APOE- 𝜀 4 carriers (female vs. male 57

 vs. 45 %) between the male and female participants (all ps < 0.05).

emale participants had significantly higher plasma HDL (female vs.

ale M = 64.5 vs. 53.8) and total cholesterol (female vs. male M = 227

s. 183) levels than males ( ps < 0.01); Males were significantly more
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Fig. 1. Change in Tau Standardized Uptake Value Ratio in Braak34 and Braak 56 Left (L) and Right (R) by sex. 
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ducated (female vs. male M = 15.0 vs. 16.9; p = .01), and had higher

omposite FRS scores (female vs. male M = 14.9 vs. 17.5; p = 0.02). 

.2. Demographic predictors of tau accumulation in Braak regions 

Fig. 1 demonstrates patterns of tau accumulation in Braak34 and

raak56 in females and males. There was a significant effect of sex on

au accumulation in Braak34 bilaterally (right: 𝛽 = 0.218, p = .029; left:

= 0.213, p = .016) with females accumulating more tau over time rela-

ive to men. Females also showed significantly greater tau accumulation

n right hemisphere Braak56 ( 𝛽 = 0.192, p = 0.016), but not left hemi-

phere Braak56 ( 𝛽 = 0.154, p = .131). There was no effect of APOE- 𝜀 4

n tau accumulation in Braak34 bilaterally (right: 𝛽 = 0.116, p = .254;

eft: 𝛽 = 0.126, p = 0.138), and in right Braak56 ( 𝛽 = 0.069, p = 0.368),

ut there was a trending main effect of APOE- 𝜀 4 on tau accumulation

n left Braak56 such that carriers accumulated more tau over time than

on-carriers ( 𝛽 = 0.163, p = 0.093). Table 2 presents complete model pa-

ameter estimates using PVC data. Analyses were repeated with non-PVC

ata (Supplemental Table 1), and remained substantively unchanged. 

.3. FRS as a predictor of tau accumulation in Braak regions 

FRS did not predict tau accumulation in bilateral Braak34 (right:

= -0.009, p = .50; left: 𝛽 = -0.009, p = 0.421) nor in Braak56 (right:

= -0.003, p = 0.816; left: 𝛽 = -0.016, p = 0.229). FRS attenuated the

rending main effect of APOE- 𝜀 4 in left Braak56 ( 𝛽 = 0.138, p = 0.161).

ontrolling for composite FRS had a minor impact on the main effects of

ex on tau accumulation. Specifically, right Braak34 moved slightly over

he non-significant threshold ( p = 0.054), both left Braak34 ( p = 0.023)

nd right Braak56 ( p = 0.025) remained significant, and left Braak56 re-
4

ained non-significant ( p = 0.221). Table 2 contains complete model pa-

ameter estimates using PVC data. Analyses did not substantively change

hen repeated with non-PVC data (Supplemental Table 1). 

.4. Component cardiovascular predictors of tau accumulation in 

raak regions 

For the component cardiovascular predictors, HDL, smoking status,

ystolic BP, total cholesterol, and BMI were all not related to tau accu-

ulation ( Table 2 , all ps > .05). The cardiovascular components atten-

ated the trending main effect of APOE- 𝜀 4 in left Braak56 ( 𝛽 = 0.147,

 = 0.130). In addition, the cardiovascular components did not change

he pattern of the observed sex effects in left Braak34 ( 𝛽 = 0.203,

 = 0.046), nor in bilateral Braak56 (right: 𝛽 = 0.267, p = 0.009;

eft: 𝛽 = 0.194, p = 0.103); however, the significant main effect of sex

ropped to trending in right Braak34 ( 𝛽 = 0.225, p = 0.066). When using

on-PVC data (Supplemental Table 1 ), main effects of sex and APOE- 𝜀 4

ere not substantively affected by component cardiovascular factors. 

.5. Interaction effects between Sex and APOE- 𝜀 4, FRS, and BMI 

Fig. 2A - C shows the relationships between tau accumulation and sex

y APOE- 𝜀 4, FRS, and BMI respectively. Table 3 reports parameter esti-

ates for each moderator (interaction term). FRS and APOE- 𝜀 4 showed

on-significant interactions with sex when predicting tau accumulation

n both Braak34 and Braak56 bilaterally (all ps > .10), and visual in-

pection of Figure 3A does not reveal an apparent pattern in sex differ-

nces between APOE- 𝜀 4 carriers and non-carriers regarding change in

au. Similarly, sex and FRS showed non-significant interactions when

redicting tau accumulation in both Braak34 and Braak56 bilaterally
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Table 2 

. Results of Hierarchical Regression Analyses using PVC data. 

5
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Fig. 2. Interaction effects on Change in Tau Standardized Uptake Value Ratio values in Braak34 and Braak 56 Left (L) and Right (R) between Sex and APOE- 𝜀 4, 

Framingham Risk Score (FRS), and BMI. 

Table 3 

Results of Change in Tau Moderator Analyses using PVC data. 

Region Moderator Beta p-value 

Braak34 Right APOE- 𝜀 4 0.05 0.800 

Braak34 Left APOE- 𝜀 4 -0.111 0.495 

Braak56 Right APOE- 𝜀 4 -0.137 0.390 

Braak56 Left APOE- 𝜀 4 -0.136 0.493 

Braak34 Right FRS -0.009 0.728 

Braak34 Left FRS -0.011 0.597 

Braak56 Right FRS 0.002 0.916 

Braak56 Left FRS -0.008 0.765 

Braak34 Right BMI 0.014 0.490 

Braak34 Left BMI 0.021 0.215 

Braak56 Right BMI -0.005 0.749 

Braak56 Left BMI -0.037 0.062 

Abbreviations: PVC = Partial Volume Corrected; APOE- 𝜀 4 = Apolipoprotein E 

𝜀 4 allele; FRS = Framingham Risk Score; BMI = Body Mass Index. Moderators 

were treated as interaction terms with sex: Positive betas imply that the effect 

of the moderator effect is higher in women, negative betas imply that the effect 

of the moderator effect is higher in men 
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all ps > .10). Results indicated that sex and BMI had a trending inter-

ction effect in left Braak56 ( 𝛽= -0.037, p = 0.062), such that relative

o females, males with higher BMI showed greater accumulation of tau

Figure 3C). Supplementary Table 2 reports the parameter estimates for

he same moderators using non-PVC data, which shows the same pat-

ern of results, but a heightened effect of BMI such that males show a

arginally significant or trending relationship between higher BMI and

reater tau accumulation in left Braak56 ( 𝛽 = -0.746, p = 0.05) in right

raak34 ( 𝛽 = -0.614, p = 0.09). 

. Discussion 

Consistent with hypotheses, our longitudinal study showed that,

mong older A 𝛽 positive adults with MCI, females show significantly
6

reater tau accumulation in bilateral Braak34 and right Braak56 com-

ared to males. Contrary to our hypotheses, neither the FRS, its individ-

al cardiovascular risk components, nor BMI seemed to attenuate the

ain effect of sex on tau accumulation in this sample. Although FRS

nd its components did not have an effect on tau accumulation, inter-

stingly, we observed a trending interaction between sex and BMI in

raak56 left, where higher BMI predicted more tau accumulation for

ales, but not females. Lastly, although we expected sex differences to

e greater among APOE- 𝜀 4 carriers, we found no significant interac-

ions between sex and APOE- 𝜀 4 or between sex and FRS on tau accumu-

ation. However, a trending relationship between APOE- 𝜀 4 carriership

nd greater tau accumulation was attenuated by the FRS and its indi-

idual cardiovascular risk components. 

We previously found a cross-sectional relationship between higher

RS score and greater tau in cognitively normal females, but not male,

POE- 𝜀 4 carriers in regions relating to early tau accumulation in the

ntorhinal cortex and inferor temporal lobe [ 27 ]. The current findings

uggest that this relationship does not apply to tau accumulation across

n interval of nine to thirty months in regions of later-stage tau depo-

ition in MCI participants. We can only speculate as to why we did not

bserve an independent effect of vascular risk factors on tau accumula-

ion in females or males. These effects may have been specific to APOE-

 4 carriers, and we may have been underpowered to examine the sex

y APOE- 𝜀 4 interactions considering the small sample sizes of APOE- 𝜀 4

arriers in each sex ( n = 12 females, n = 14 males). Second, the null

ffect may have been due to the brain regions and cohort we used in

ur analysis. In our present study, we focused on Braak34 and Braak56

egions, which are associated with later stage tau deposition. In align-

ent with our previous cross-sectional findings, Rabin et al. [ 19 ] also

emonstrated that A 𝛽 and vascular risk are synergistically associated

ith more tau in the inferior temporal lobe of cognitively normal older

dults. Although Yau et al. [ 35 ] extended these findings to demonstrate

hat elevated vascular risk and A 𝛽 predict greater longitudinal tau ac-

umulation, which is contrary to our present findings, there are several
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a  
ifferences between our study design, as their study examined inferior

emporal regions in cognitively normal older adults and had a longer

ollow-up interval. In our present analysis, we selected MCI individu-

ls with pre-existing AD-pathlogy, to explore the relationships between

VD and tau accumulation in partipants on the AD continuum, whereas

he aforementioned studies focused on cognitively normal older adults.

he difference in findings between cognitively normal and MCI individ-

als was further exemplified by a recent study that demonstrated that

ascular factors interact with A 𝛽 to predict tau accumulation in cog-

itively normal individuals, but not cognitively impaired older adults

 36 ], which confirms our findings and may inform at what timepoint

long the AD continuum we may see effects of vascular risk factors on

au accumulation. Another reason we may not have seen an effect of

ardiovascular risk factors on tau accumulation may be due to our as-

essment of CVD risk later in life. Previous work has demonstrated that

id-life hypertension increases dementia risk in females [ 25 ] and that

igher overall vascular risk in mid-life, but not in late-life, is associated

ith elevated A 𝛽 pathology [ 37 ]. These findings suggest that cardiovas-

ular risk in mid-life, as opposed to late-life, may be more predictive

f neuropathology in older adulthood. The current results are support-

ve of a null association of late-life cardiovascular risk factors on tau

athology and also suggest that later-life CVD factors do not impact sex

ifferences in tau accumulation in later stage AD-related brain regions

n MCI older adults. 

While we did not observe effects of CVD risk factors on tau accumu-

ation, we did see a male-specific relationship between higher BMI and

reater tau accumulation. Similar to other mid-life cardiovascular risk

actors, prior research links mid-life obesity to elevated dementia risk

 38 , 39 ]; however late-life obesity has been associated with lower de-

entia risk [ 40 , 41 ]. Furthermore, research has shown that this protec-

ive effect of late-life BMI may be specific to women, where higher BMI

s linked to lower tau and A 𝛽 in female, but not male, cognitively normal

dults [ 42 ]. One biological pathway to explain why higher BMI is protec-

ive against AD pathology in females may be via estrogen-adipose mech-

nisms. Previous research has established bidirectional relationships be-

ween estrogen and adipose tissue, where adipose tissue has been shown

o produce peripheral estrogen [ 43 ], estrogen receptors regulate adipose

issue differentiation [ 44 ], and higher serum estrogen levels relate to

igher fat mass in older females [ 45 ]. Females also tend to have more

ubcutaneous adipose tissue compared to males [ 46 ], a specific pattern

f adiposity which tends to be associated with lower metabolic risk [ 47 ]

espite contributing to weight gain and in turn, higher BMI. These path-

ays between adiposity and estrogen may explain the positive effect of

MI in older women, as estrogen is known to have neuroprotective ef-

ects [ 48 ]. Therefore, the specificity of the relationship of higher BMI

o greater tau accumulation in males may contribute to the emerging

nderstanding of sex differences in the impact of late-life BMI on AD

europathology. 

There are several study limitations to consider regarding our study.

id-life cardiovascular risk assessment is not available for ADNI par-

icipants, which as previously described, may be more predictive of tau

ccumulation than late-life CVD risk profiles. In addition, ADNI partic-

pants are largely white and relatively healthy, MCI or AD diagnoses,

hich limits the generalizability of our results to the broader popula-

ion. This is especially important when examining factors relating to

VD [ 49 ], as rates of hypertension [ 50 ], obesity [ 51 ], and diabetes [ 52 ]

ary among different racial and socioeconomic groups. In addition, the

ime between PET scans was relatively brief, and a longer window may

e necessary to accurately capture tau accumulation patterns. Lastly, our

ample size was realtively low, as participants were selected to bias for

n observed effect of tau accumulation (MCI, A 𝛽 positive), which may

ave limited our analytic power when performing statistical models.

his relatively small size may limit the generalizability of our findings

nd increases the risk undetected true effects. A power analysis for the

eneral linear model framework and Cohen’s f2 statistic suggested that

e were powered to detect medium sized effects in the current study
7

 f2 = 0.16) for the main effect of sex. It is possible that small effects

ent undetected in the current study. 

In conclusion, our results confirm that older A 𝛽 positive females with

CI accumulate more tau in Braak34 and Braak 56 than males. Our re-

ults suggest that except for BMI in males, late-life vascular risk factors

o not contribute to greater tau accumulation, nor do they account for

he aforementioned sex effect. Our finding of a male-specific relation-

hip between higher late-life BMI and greater tau accumulation con-

ributes to our growing understanding of sex disparities in the influence

f BMI on tau. Given our null association between most late-life CVD fac-

ors and tau accumulation, these findings may underscore the clinical

elevance of modifying health habits relating to hypertension, choles-

erol, and smoking in mid-life stages. Future studies are necessary to

xplore associations between cardiovascular risk and AD pathologies in

ther ethnoracial groups, and may examine the importance of mid-life

edical history. 
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