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Abstract

Background: Vascular mechanisms may contribute to the accumulation of AD pathology.

Objective: We examined whether the burden of vascular risk factors proximate to death is 

associated with amyloid-β and tau levels or modified their known association.

Methods: We examined the brains of 1, 585 participants from two longitudinal community-

based studies of older adults. Amyloid-β and tau were quantified by postmortem examination. 

The burden of vascular risk factors was summarized by calculating the Framingham general 

cardiovascular risk score (FRS) proximate to death. Using linear regressions, we examined the 

association of the FRS with the amyloid-β and tau levels and examined if the FRS modified the 

association of the amyloid-β with tau.

Results: On average, participants were nearly 90 years old and two-thirds were women. The FRS 

was not associated with amyloid-β (Spearman r = −0.00, p = 0.918) or tau (r = 0.01, p = 0.701). 

However, the FRS as a whole (estimate = −0.022, SE = 0.008, p = 0.009), and specifically the 

systolic blood pressure (SBP) component (estimate = −0.033, SE = 0.012, p = 0.009), modified 

the association of the amyloid-β with tau. Further analysis showed that the association between 

amyloid-β and tau was stronger at lower levels of SBP.

Conclusion: Late-life vascular risk scores were not related to postmortem levels of amyloid-β 
or tau. However, lower levels of vascular risk scores and SBP were associated with a stronger 

association between amyloid-β and tau. These data suggest that vascular risk factors may modify 

the relation of AD pathology markers to one another.
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INTRODUCTION

Mid-life vascular risk factors are recognized as risk factors for late-life cognitive decline and 

dementia [1–3]. However, controversy exists regarding the association of late-life vascular 

risk factors with dementia. While higher levels of systolic blood pressure (SBP) at mid-life 

has been consistently reported to be associated with increased risk of late-life dementia [4, 

5], longitudinal studies of late-life SBP have been mixed, with some showing increased 

risk for dementia [5], others showing protection against dementia [6], and yet others no 

association [4].

As Alzheimer’s disease (AD) is the most common single cause of late-life dementia, a major 

question is the association between vascular risk factors and pathological markers including 

amyloid-β (Aβ) and tau. Previous studies using in vivo assessments of Aβ and tau, by 

positron emission tomography (PET) or cerebrospinal fluid markers, showed inconsistent 

results. Some studies showed higher levels of Aβ [7–9] and tau [8, 10] in participants with 

a higher burden of vascular risk factors, while others did not [11]. In addition, a recent PET 

study found an interaction between Aβ and vascular risk factors on tau in a way that the 

association of tau and vascular risk factors was stronger in participants with higher levels of 

Aβ [12]. However, few clinical-pathologic studies have examined the association of vascular 

risk factors with neuropathologically-defined AD markers [13]. We previously showed that 

a higher level of late-life SBP was associated with an increasing number of brain infarcts 

[14]. In this study, we now examine the association of vascular risk factors with Aβ and tau 

levels using clinical and autopsy data from two ongoing community-based studies of aging, 

the Religious Orders Study (ROS) and the Rush Memory and Aging Project (MAP).

METHODS

Participants

The study participants came from one of two community-based, prospective clinical-

pathologic studies of aging conducted at the Rush Alzheimer’s disease center, the ROS 

and the MAP [15]. ROS began enrolling Catholic nuns, priests, and brothers from across 

the United States in 1994. MAP participants enrolled from retirement centers and subsidized 

housings, from across the greater Chicago metropolitan area, beginning in 1997. Eligible 

participants in both cohorts were older adults who did not have known dementia at baseline. 

Both studies followed similar methods, including participants’ consenting to annual medical, 

cognitive, and other clinical evaluations, and brain donation at the time of death [15]. All 

participants signed an informed consent and Anatomic Gift Act. An Institutional Review 

Board of Rush University Medical Center approved both studies.

From 1994 until February 2020 at the time of analyses for this study, 1,468 participants 

were recruited in ROS and completed the baseline evaluation. From those recruited, 69 

participants later withdrew (follow-up rate = 95%), and over time 867 died and 800 

underwent autopsy (autopsy rate = 92%). For this study, 788 with neuropathological data 

were eligible for the current analyses; however, Aβ or tau measure was missing in 30 

(Supplementary Figure 1), leaving 758 for these analyses. In the MAP, of 2, 174 participants 

with complete baseline evaluation 205 subsequently withdrew from the study (follow-up 
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rate = 91%). During the follow-up, 1, 071 participants died, of which 888 had an autopsy 

(autopsy rate = 83%). Of 856 decedents who underwent autopsy, indices of Aβ or tau was 

missing in 29 leaving 827 included in these analyses (Supplementary Figure 2). Therefore, 

the total analytic sample consisted of 1, 585 participants with clinical and autopsy data. The 

analytic sample was younger in age at study entry and had fewer women compared with the 

participants excluded from this study (Supplementary Table 1).

Framingham risk score calculation

In the ROS and MAP annual visits, participants’ medical conditions and risk factors, 

including a history of hypertension, diabetes mellitus (DM), and smoking, are evaluated and 

summarized in a summary statistic of the count of hypertension, DM, and smoking present 

in a participant (1 point for each, with a total score range 0–3) [16, 17]. The annual clinical 

visits also include measurement of participants’ height and weight, and visual inspection 

of the participants’ medications. Medications’ names and dosages were recorded and were 

coded subsequently using Medi-Span Drug Data Base System [18]. SBP was measured 

by trained nurses using automated sphygmomanometers in standing and sitting positions, 

and an average was calculated as described previously [14]. Based on previously published 

methods, we calculated the cardiovascular Framingham risk score (FRS), separately for 

women and men, using 5 components: age, body mass index (BMI: calculated as weight 

in kilograms divided by height in meters squared), SBP, smoking, and DM [19]. The SBP 

component point was differentially calculated for individuals who were using versus not 

using medications to treat hypertension, as previously published [19]. In this study, DM and 

smoking components of FRS were scored as positive if a participant had at least one annual 

visit with positive relevant history. The SBP and BMI components for each participant 

were calculated by averaging all available measurements across the study. Lastly, the age 

component was calculated using the age of the participants at the last clinical visit that 

occurred on average 10.1 months (SD = 13.8 months, range = 23.7 hours – 13.2 years) from 

the time of death.

Assessment of postmortem pathological changes

The mean postmortem interval was 9.3 hours (SD = 8.1). Details of the autopsy procedures, 

which were done by staff blinded to clinical data, are described elsewhere [16]. One 

hemisphere was fixed and cut into 1 cm slabs. Tissue blocks were prepared from the slabs of 

predetermined brain regions and were cut into thin sections.

AD pathology indices

Quantification of the amount of Aβ and tau was done through immunostaining of tissue 

sections from eight cortical regions: anterior cingulate cortex, superior frontal cortex, 

mid frontal cortex, inferior temporal cortex, hippocampus, entorhinal cortex, angular gyrus/

supramarginal cortex, and calcarine cortex. Then, by using computer-assisted sampling, 

image analyses (Aβ), and stereology (tau tangles), levels of Aβ and tau were quantified 

in each of the eight regions and summary measures for Aβ and tau were made by 

averaging relevant regional measures, as described in detail elsewhere [20]. Also, a 

modified Bielschowsky silver stain was used to visualize neuritic plaques, diffuse plaques, 
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and neurofibrillary tangles [21], and a board-certified neuropathologist determined the 

pathologic diagnosis of AD based on published criteria [22].

Infarcts

Because vascular risk factors are stroke risk factors [23], we examined the association of 

FRS with infarcts and examined whether the association of FRS with AD pathology indices 

changed after adjustment for infarcts. As we have done in prior postmortem studies, we 

included only chronic infarcts that would be more reflective of the cumulative effects of 

the vascular risk burden [16, 24]. Slabs were inspected with the naked eye for the presence 

of gross infarcts, and suspected lesions were confirmed microscopically [25]. Microinfarcts 

are not visible to the naked eye and were identified under microscopy. For these analyses, 

we summarized infarcts as any infarct (gross infarcts or microinfarcts), gross infarcts, and 

microinfarcts, each as a dichotomous variable (presence versus absence).

Assessment of clinical stroke

In the annual clinical evaluations, participants answered questions about occurrence of a 

clinical stroke and its associated symptoms. Then, a neurologist validated the histories 

through reviewing the histories, taking history, and/or performing physical examination. 

Presence of a clinical stroke in the annual evaluations were summarized as a binary variable 

indicating whether a participant had experienced any clinical stroke before death.

Statistical analyses

We used a square root transformation of the Aβ and tau levels, due to the positively 

skewed distributions of these data. To calculate bivariate associations of FRS with AD 

pathological markers, t-test, chi-square, and Spearman correlation coefficient were used. 

Then, we employed two separate linear regressions with FRS as the predictor, and Aβ and 

tau as the separate outcomes, to examine the association of the FRS with Aβ and tau. Next, 

we used another linear regression with tau as the outcome, Aβ, FRS, and their interaction 

as the predictors, to test if FRS modified the association of Aβ with tau. After examining 

FRS, we replaced FRS with its components in subsequent models to find the component 

that drove the association or modification effect of FRS with Aβ and tau. Moreover, we did 

sensitivity analyses. In one sensitivity analysis, we excluded participants whose last visit was 

done more than 1 year before death, and in the other sensitivity analysis we recalculated 

FRS by using the last measurements of BMI and SBP instead of their averages across years 

of assessments. As the SBP component was the component with a modification effect on 

the association of Aβ with tau, we next examined the association of Aβ with tau at different 

levels of SBP for further exploration of the modification effect. Finally, we replaced SBP 

by diastolic blood pressure (DBP) to examine if the modification of the association between 

Aβ and tau by SBP was also seen by DBP. Analyses controlled for age at death, sex, and 

education. We used SAS version 9.4 and considered an alpha of 0.05, and a Bonferroni 

adjusted alpha for multiple comparison.
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RESULTS

The demographic and clinical characteristics of the participants are shown in Table 1. On 

average, participants were nearly 90 years old at the time of death, two-thirds were women, 

and two-thirds had a pathological diagnosis of AD. The FRS ranged from 11 to 30 points 

(out of a possible range of −3 to 34), had a mean of 19.3 (SD = 3.2), and a median of 19. To 

contextualize the FRS, we calculated frequency of a clinical stroke at different quartiles of 

FRS. Clinical stroke was reported in 17% of participants with FRS score of 17 or less, 20% 

with FRS score between 17 and 19, 23% with FRS score between 19 and 21, and 25% with 

FRS score more than 21.

Association of the Framingham risk score with Aβ and tau

The FRS was not associated with a pathological diagnosis of AD (t(1583) = 0.30, p = 

0.766), nor with the markers of Aβ (Spearman r = −0.00, p = 0.918) or tau (r = 0.01, p = 

0.701). In linear regression analyses, FRS was not associated with Aβ (estimate = −0.005, 

SE = 0.009, p = 0.560) or tau levels (estimate = −0.017, SE = 0.010, p = 0.105) (Table 

2). Then, we examined whether FRS modified the association of Aβ with tau. In a linear 

regression model including Aβ, FRS, and their interaction as the predictors, and tau as the 

outcome, the interaction term was significant and negative (estimate = −0.022, SE = 0.008, 

p = 0.009), suggesting that FRS modified the association of Aβ with tau in a way that the 

association was stronger with a lower FRS. These data suggest that in persons with fewer 

vascular risk factors the association of Aβ with tau was stronger.

To uncover if a particular FRS component(s) was (were) responsible for the interaction 

between FRS and Aβ in relation to tau pathology, we separately examined each of the five 

components of FRS. In each of the five linear regressions with tau levels as the outcome, 

one of the FRS components was examined together with Aβ and their interaction as the 

predictors. The SBP was the only FRS component showing an interaction (Table 3). This 

interaction was negative, indicating that the association of Aβ with tau was stronger at lower 

levels of SBP. To contextualize the effect size of the interaction, we compared its estimate 

(estimate = −0.022, SE = 0.008, p = 0.009) with the estimate of age at death (estimate = 

0.014, SE = 0.005, p = 0.002) in their association with tau (Table 3, Model 1). The effect 

size associated with one score higher FRS-SBP was equivalent to the effect size associated 

with being 1.5 years younger in age.

Because vascular risk factors increase stroke risk [14, 23], we examined whether FRS was 

associated with the odds of infarct in our sample. In a logistic regression model controlled 

for age at death, sex, and education, a 1-point higher FRS was associated with 7% higher 

odds of infarct of any size or location (OR = 1.07, 95%CI=1.04 1.10, p < 0.001). We 

next examined the association of FRS with gross infarcts versus microinfarcts. Higher 

FRS scores were associated with higher odds of gross infarcts (OR = 1.08, 95%CI=1.05 

1.12, p < 0.001), but the association of FRS and microinfarcts was borderline (OR = 1.03, 

95%CI=1.00 1.07, p = 0.054). In further analyses, we adjusted for infarcts of any size, gross 

infarcts, or microinfarcts in three separate groups of models that examined the association of 

FRS and its components, Aβ, and their interaction with tau (Supplementary Tables 2–4). We 

found that controlling for infarcts variables did not change the study findings: a) FRS and 
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its components were not associated with tau; b) FRS and FRS-SBP component negatively 

modified the association of Aβ with tau.

Because a recent study using PET imaging found a positive interaction between FRS and 

Aβ on tau deposition in the inferior temporal cortex but not in the entorhinal cortex [12], 

we next examined for the interaction of FRS and Aβ in the inferior temporal cortex. Results 

showed no interaction of FRS with Aβ in the inferior temporal cortex, with tau levels in the 

inferior temporal cortex as the outcome (estimate = −0.021, SE = 0.013, p = 0.107).

Sensitivity analyses

We did two sensitivity analyses. First, we excluded participants (n = 280) whose last 

evaluation was done more than 1 year before death to shorten the time interval from the FRS 

data to autopsy. Exclusion of these participants did not change our findings that FRS was not 

related to the levels of Aβ and tau while FRS and its SBP components negatively modified 

the association of Aβ with tau (Supplementary Table 5). Second, we replaced the average of 

SBP and BMI measurements assessed across the study, which was presumed to be a closer 

surrogate of the cumulative burden of these risk factors, with the last visit measurements of 

the SBP and BMI, respectively, in the calculation of FRS. The new FRS was correlated with 

the original FRS (Spearman r = 0.66, p < 0.001). Like the original FRS, the new FRS was 

not associated with the Aβ and tau levels (Supplementary Table 6). However, in contrast to 

the results with the original FRS calculation, the new FRS and its SBP component did not 

modify the association of Aβ with tau (Supplementary Table 6). These findings suggest that 

a low level of vascular risk factors over years, rather than the level at the last visit prior to 

death, was associated with modifying the association of Aβ with tau.

Systolic blood pressure and the association of Aβ with tau levels

SBP was the only FRS component interacting with Aβ on tau. However, the FRS-SBP 

component is a function of SBP, the use of blood pressure medication, and sex. Therefore, 

in secondary analyses we examined the association of Aβ with tau at different levels of 

SBP. Following published guidelines on blood pressure classification [26], we classified 

the sample into four subsamples by their SBP levels: “<120 mmHg” (n = 253), “120–129 

mmHg” (n = 395), “130–139 mmHg” (n = 437), and “≥140 mmHg” (n = 484). Then, we 

employed separate linear regressions in the four subsamples with tau levels as the outcome 

and Aβ levels as the predictor. In graphical inspection, the estimates of association between 

Aβ and tau were monotonically decreasing with increase of SBP except for the SBP group 

“over 140” (Fig. 1). For participants with low SBP (“<120”), the estimated association 

between Aβ and tau was 0.694 (Supplementary Table 7), equivalent to being 58 years 

older for every additional unit of Aβ. By contrast, for participants with SBP 130–139 the 

estimated association between Aβ and tau was 0.500 (Supplementary Table 7), equivalent to 

being 18 years older for every additional unit of Aβ.

Diastolic blood pressure and the association of Aβ with tau levels

We examined the association of Aβ with tau at different levels of DBP rather than SBP. 

Following the guideline classification [26], we stratified the sample into 3 subsamples by 

their DBP levels: : “<80 mmHg” (n = 1, 358), “80–89 mmHg” (n = 193), and “≥90 mmHg” 
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(n = 25). Because 86% of the participants were classified in one group with the 3 categories 

classification, we further stratified the data using 5 categories: “<60 mmHg” (n = 95), “60–

69 mmHg” (n = 552), “70–79 mmHg” (n = 711), “80–89 mmHg” (n = 193), and “≥90 

mmHg” (n = 25). In graphical inspection, the estimates of association between Aβ and tau 

were not changing monotonically across the 5 DBP categories (Supplementary Figure 1), in 

contrast to the monotonic decrease in the estimates seen across the SBP categories (Fig. 1).

DISCUSSION

Leveraging antemortem and postmortem data from nearly 1,600 deceased persons, we found 

that vascular risk factors, summarized as FRS, were not related to Aβ or tau levels. However, 

FRS, and more specifically its SBP component, showed a negative interaction with Aβ on 

tau levels, indicating that low levels of SBP in late-life were associated with higher Aβ 
related tau levels.

Mid-life vascular risk factors have consistently been found to be associated with late-life 

dementia. However, ambiguity exists regarding the association of late-life vascular risk 

factors with dementia. To clarify this ambiguity, examining the association of vascular 

risk factors with AD pathology is helpful. But, few autopsy studies have examined this 

association [13, 14, 27]. We extended the prior researches in three ways. First, we used FRS 

as a well-known composite vascular risk score to study the association with AD, rather than 

examining individual vascular risk factors like DM or hypertension. This strategy increased 

our power to simultaneously study different vascular risk factors in their association with 

AD pathology. Second, we examined not only the association of FRS with the AD markers 

but also the interaction of FRS with Aβ specifically, expanding on the factors that drive 

the association of Aβ with tau. Third, we leveraged data of approximately 1,600 deceased 

persons. This large sample size minimized the possibility for inadequate power, in the event 

of a finding that FRS was not associated with Aβ or tau, as was the case in this study.

Although FRS was found to modify the relationship of Aβ to tau in our study, we did not 

find an association between FRS and level of either Aβ or tau themselves, a finding in line 

with several previously published studies [13, 14, 27]. Vascular risk scores like FRS [13], 

and vascular risk factors like diabetes [27] and hypertension [14] have been found associated 

with vascular pathologies, including brain infarcts and cerebral vessel pathologies such as 

atherosclerosis and arteriolosclerosis. Our results which did not show an association between 

vascular risk factors and AD is in line with prior studies that did not find a synergism 

between vascular pathologies and AD pathology [24].

Studies using in vivo assessment of Aβ and tau have examined the association of vascular 

risk factors with AD biomarker levels [1, 8, 11, 28, 29]. The studies’ findings suggest that 

vascular risk factors were associated with higher levels of AD biomarkers when vascular 

risk factor assessment was done in midlife or late-midlife, ages younger than 65–70 years 

old. By contrast, no association was found between vascular risk factors and AD biomarkers 

when vascular risk factor assessment was done in old age, similar to this study’s age 

distribution. The age difference can also explain the differences between our study and a 

PET study [12] about the interaction of FRS and Aβ in their association with tau. We found 
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a negative interaction while the PET study found a positive one indicating more tau per unit 

of Aβ at higher levels of FRS in the PET study [12]. Comparison of the participants’ ages of 

the two studies shows that the average age of our participants at the time of FRS calculation 

was 88.3 (SD = 6.7) years, while the PET study’s one was 73.5 (SD = 6.1), showing that 

our study participants were on average 15 years older. Another possibility for explaining the 

difference between the two studies is the fact that the amyloid and tau measured by PET 

may not provide the similar granularity that is obtained with IHC methods in autopsies, with 

the latter being the gold standard for estimating the sensitivity and specificity of the PET 

findings [30,31]. In a longitudinal study, the correlation coefficient between Aβ measured 

by PET one year before death and by immunohistochemistry in autopsies was 0.79 [31], 

indicating that imaging and autopsy findings on measures of AD indices and their related 

covariates may be different.

The finding that no association existed between levels of vascular risk score and AD 

pathology indices is in line with the complex relation of vascular risk factors and AD 

clinical phenotype (impaired cognition or dementia) throughout the life cycle, including in 

late-life [32–35]. Using the Rush Alzheimer’s Disease Center cohorts’ data, investigators 

showed that baseline late-life levels of SBP and DBP were not associated with the risk of 

AD dementia or with the rate of cognitive decline [32]. DM was associated with lower 

levels of semantic memory, not with levels of other cognitive systems or global cognition 

[33], and while not related to global cognitive decline, was related to decline in perceptual 

speed [34]. Lower, not higher, levels of BMI were associated with faster cognitive decline 

[35]. These data suggest that the high burden of vascular risk factors in late-life may not be 

a risk factor for cognitive decline. However, it is plausible that high vascular risk burden, 

even higher levels of BP in late life, is associated with cognitive impairment in persons with 

cerebrovascular pathologies, including atherosclerosis and arteriolosclerosis, and that this 

association is independent of AD pathological changes [36, 37].

We found that FRS modified the association of Aβ with tau. Further evaluation showed 

that the SBP component of FRS was the only component showing an interaction with Aβ 
in the association with tau. The negative interaction was in line with monotonic decrease 

in the estimates of association between Aβ and tau seen with increase of SBP until SBP 

≥ 140 mmhg. We interpret these findings as suggesting that per one unit higher Aβ level 

more tau was seen at low SBP levels. Among several possible underlying mechanisms, we 

hypothesize that hypoperfusion may play a role in how lower SBP levels may modify the 

association between Aβ and tau. Indeed, animal models have shown increased levels of 

Aβ and phosphorylated tau following hypoperfusion [38, 39]. Furthermore, increased levels 

of peroxidation products [40], impaired mitochondrial functions [40], and changes in the 

microRNA transcription [41] are possible pathways via which hypoperfusion may result 

in higher levels of AD pathology indices. As tau is the AD pathological index that drives 

cognitive decline in late-life [42], we also hypothesize more dementia cases seen at low SBP 

levels. In fact, a prior cross-sectional study on Chicagoans older than 65 years found that 

odds of AD dementia was more than twice in individuals with “SBP<130 mmhg” compared 

with the reference group of “130–139 mmhg” [43]. However, further studies are needed to 

disentangle the complex relationship between SBP and cognition and cognitive decline in 

late-life.
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In a sensitivity analysis, we replaced the average of SBP and BMI across years of 

measurements with the last measurement of SBP and BMI in the calculation of FRS. The 

new FRS and its SBP component did not modify the association of Aβ with tau. Therefore, 

a low level of vascular risk factors over years, rather than the level at the last visit prior to 

death, was associated with a higher level of tau per one unit higher Aβ. We hypothesize that 

the last measurements of SBP and BMI were influenced by a terminal decline phenomenon 

that is distinct from late-life pathological changes of brain. In prior studies, our group 

showed that terminal decline in cognition started on average 3.7 years before death [44] 

and was seen in one-third of decedents after controlling for dementia-related pathological 

changes [45]. Although terminal decline has also been reported for other metrics, including 

well-being [46], we did not find any reported studies examining terminal decline in vascular 

risk factors. As longitudinal changes of vascular risk factors including BMI does not follow 

a linear model [47], we need more sophisticated analyses with large sample sizes to test our 

hypothesis regarding terminal decline in vascular risk factors, and the differential association 

of AD pathology indices with FRS in the terminal decline period compared with the FRS in 

years beforehand.

The study has strengths. It leveraged data of a large number of deceased persons who were 

prospectively evaluated during life, and came to an autopsy which yielded neuropathological 

data derived from uniform protocols. Trained staff who collected clinical or pathological 

data were blinded to other data, reducing the potential for bias. However, the study has 

limitations too, including limitations to the generalizability of the results. Although only less 

than 10% of the ROS and the MAP participants were lost to follow up, the current study’s 

analytic sample enrolled in the ROS or MAP studies at a younger age and were more likely 

to be women, compared with participants not included in the current study. Results of this 

study will need to be replicated before interpretation about generalization of the findings can 

be made. The average age of participants at the time of death was 89 years old, making the 

results not generalizable to younger people. We had only 41 participants with average SBP 

more than 160 mmhg, and the study results cannot adequately inform about higher levels of 

SBP. Finally, the study participants were mainly Caucasians with high levels of education.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Association of Aβ with tau deposition using different systolic blood pressure categories. The 

estimates are derived from four linear regressions, including participants at four different 

systolic blood pressure categories. In each linear regression, tau was the outcome and Aβ 
was the predictor, and the model controlled for age at death, sex, and education. Graphical 

inspection indicates that the estimates of association between Aβ and tau are monotonically 

decreasing with increase of SBP except for the SBP group “over 140”. Aβ and tau square 

root transformed.
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Table 1

Demographic and clinical characteristics with postmortem AD indices of the participants

Characteristic All (n = 1,585)

Demographic

Age at death, mean (SD) y 89.3 (6.7)

Age at the last clinical visit, mean (SD) y 88.4 (6.7)

Women, n (%) 1,060 (67%)

Non-Hispanic white, n (%) 1,498 (95%)

Education, mean (SD) years 16.3 (3.7)

Clinical & genetic

Any apolipoprotein ε4 403 (26%)

Hypertension, n (%) 1,054 (67%)

Diabetes mellitus, n (%) 342 (22%)

History of smoking, n (%) 490 (31%)

Number of vascular risk factors,* median (Q1–Q3) 1.0 (0–2)

Framingham risk score (FRS), mean (SD) 19.3 (3.2)

 FRS-age component score, median (Q1–Q3) 15.0 (15–15)

 FRS-Body mass index score, median (Q1–Q3) 1.0 (0–0)

 FRS-Systolic blood pressure score, median (Q1–Q3) 3.0 (2–4)

 FRS-Smoking score, median (Q1–Q3) 0.0 (0–0)

 FRS-Diabetes mellitus score, median (Q1–Q3) 0.0 (0–0)

AD pathological indices

NIA-Reagan AD Pathological diagnosis, n (%) 1,020 (64%)

Square root of Aβ levels, mean (SD) 1.5 (1.1)

Square root of tau levels, mean (SD) 1.6 (1.3)

Number of vascular risk factors is a summary statistic of the count of hypertension, diabetes mellitus, and smoking present in a participant (1 point 
for each, with a total score range 0– 3).
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Table 2

Association of FRS with postmortem levels of Aβ and tau controlled for age at death, sex, and education

Variable Outcome Estimate (SE), p

Aβ Tau

Age at death 0.026 (0.004), <0.001 0.028 (0.005), <0.001

Sex (women versus men) 0.125 (0.060), 0.038 0.338 (0.072), <0.001

Education −0.018 (0.008), 0.019 −0.019 (0.009), 0.040

FRS −0.005 (0.009), 0.560 −0.017 (0.010), 0.105

From 2 separate linear regressions with Aβ and tau as the outcomes. The results indicate that FRS was not associated with levels of Aβ and tau. SE, 
standard error. Aβ and tau square root transformed.
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