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Abstract

Background: Modifiable vascular risk factors (VRF) have been implicated in cognitive 

impairment.

Objective: We compared the prediction of cognitive performance between the CAIDE dementia 

risk score, a validated tool to estimate dementia risk using VRF, and the Northern Manhattan 

Study (NOMAS) global vascular risk score (GVRS), created to predict vascular events.

Methods: The CAIDE and GVRS scores were calculated based on baseline VRF among 1,290 

stroke-free participants in the prospective population-based NOMAS MRI cohort (mean age 64±8 

years, 60% women; 66% Hispanic, 17% Black, 15% White; 46% completed high school). 

Domain-specific Z-scores were derived for episodic and semantic memory, executive function, and 

processing speed, and averaged to calculate global cognition.

Results: The CAIDE score was associated with worse global cognition at initial assessment 

(Beta per SD=−0.347, p<0.0001), and with greater decline over time (Beta per SD=−0.033, 

p=0.02). These associations were largely due to age and education, and the association with 

cognitive decline was not significant after adjusting for age, sex, and education. The GVRS was 

inversely associated with global cognition at initial testing (Beta per SD=−0.247, p<0.0001) and 

greater decline over time (Beta per SD=−0.127, p<0.0001), which persisted after adjusting for 

sociodemographics. The associations for both scores with initial cognitive performance were 
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driven by executive function and processing speed, and the GVRS was associated with decline in 

episodic memory and processing speed.

Conclusions: The GVRS was a stronger predictor of cognitive decline than the CAIDE in a 

multi-ethnic urban cohort. The inclusion of glucose and smoking in the GVRS, which are absent 

in CAIDE, likely explains the better performance of the GVRS.
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Introduction

Modifiable vascular risk factors (VRF) have been implicated in cognitive impairment and 

include obesity, hypertension, smoking, depression, sleep disturbances, hyperlipidemia, and 

diabetes. There is also evidence to support education, physical activity, and moderate alcohol 

use as protective factors [1]. The relation between a range of vascular comorbidities 

including stroke, myocardial infarction (MI) and congestive heart failure and cognitive 

decline has been well established [2–10] and shown to vary across race/ethnic groups. This 

underscores the importance of studying diverse populations to better inform strategies to 

prevent vascular cognitive decline and dementia [11].

The overall burden of VRF as quantified by composite measures may be more relevant for 

predicting cognitive decline than individual risk factors, as these factors can have synergistic 

effects. Risk scores that combine individual factors may be more valuable tools for targeting 

preventive measures to those at risk. Although vascular disease and vascular risk factors 

have been implicated in the risk of cognitive decline and dementia, only a few risk scores 

have been developed specifically for predicting cognitive decline and dementia based on 

common, modifiable, and easily measurable risk factors. The Cardiovascular Risk Factors, 

Aging, and Incidence of Dementia (CAIDE) risk score is a validated tool to estimate the risk 

of dementia using midlife risk factors and is the most well-known for dementia prediction 

[12]. The CAIDE score was developed in the Cardiovascular Risk Factors, Aging and 

Dementia study, which is one of the first observational studies that investigated the role of 

midlife risk factors for the subsequent development of dementia and Alzheimer’s Disease 

[12]. In addition, several risk models have been created to predict cardiovascular health 

using a combination of vascular risk factors, and recently some of these have been studied in 

relation to cognitive health. For example, the Framingham Risk Score (FRS) is a well-

established assessment tool for cardiovascular disease and has been associated with 

executive function in the Framingham Offspring study [13], and with incident cognitive 

impairment in the Reasons for Geographic and Racial Differences in Stroke (REGARDS) 

Study [14]. In fact, data from the British Whitehall II Cohort study suggested that the 

Framingham general cardiovascular disease risk score and the Framingham stroke risk score 

were more strongly predictive of 10-year cognitive decline than the CAIDE dementia risk 

score [15].

In the prospective population-based Northern Manhattan Study (NOMAS), we sought to 

improve the predictive ability of the FRS in our multi-ethnic, largely Caribbean Hispanic 
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population. To improve performance among white and non-white populations, we included 

both behavioral and anthropometric factors in addition to traditional vascular risk factors and 

constructed the global vascular risk score (GVRS). We also used continuous variables for 

physiological parameters. Previously, the GVRS was predictive of stroke, myocardial 

infarction, and vascular death, with superior performance compared to the FRS [16]. Further, 

each 1-point decrease on the GVRS was associated with 38% greater odds of successful 

aging without cognitive decline [17]. The goal of the current study is to examine the 

comparative performance of the CAIDE score and the GVRS in predicting cognitive 

performance and cognitive decline in the NOMAS population to better understand the 

relation between overall burden of vascular risk factors and cognitive function.

Methods

Study Population

The NOMAS population includes adults, age 40 and older (range 40–94), who had resided 

in northern Manhattan for more than three months at the time of recruitment and had never 

been diagnosed with a stroke [18]. These individuals were recruited between 1993–2001 

using random-digit dialing to participate in a baseline interview and assessment (enrollment 

response rate was 75%), with ongoing annual follow-up (loss to follow up <5%). The goal of 

the NOMAS cohort is to examine risk factors for incident stroke and cognitive decline in a 

multi-ethnic, predominantly Caribbean Hispanic, community-based cohort. The full 

NOMAS cohort includes 3,497 participants, though the current study is restricted to the MRI 

sub-cohort because they were the portion of the full cohort with cognitive evaluations. The 

MRI sub-cohort was recruited during annual follow-up starting in 2003 and restricted to 

participants who were clinically stroke-free, age >55 years, with no contraindications to 

MRI (final n=1,290). The study was approved by the IRBs of Columbia University and the 

University of Miami and all subjects provided written informed consent.

Baseline Evaluation

At the time of enrollment, NOMAS participants had a thorough evaluation of vascular risk 

factors and medical history, including a physical/neurological examination. Race/ethnicity 

was defined by self-identification using a series of questions modeled after the US census 

and conforming to standard definitions outlined by Directive 15 [19]. Educational 

achievement was self-reported as number of years in school and degree achieved. The 

evaluation included standardized questions adapted from the Behavioral Risk Factor 

Surveillance System by the CDC regarding the history of hypertension, diabetes mellitus, 

smoking, and cardiovascular conditions, including congestive heart failure, angina, coronary 

artery disease, atrial fibrillation, valvular heart disease, and peripheral vascular disease 

[20,21]. Data on all medication use was collected. Smoking was categorized as current 

(within the past year), former, or never smoker of cigarettes, cigars, or pipes. Leisure-time 

physical activity was assessed by self-report using a simple questionnaire adapted from the 

National Health Interview Survey, which captured the duration and frequency of leisure time 

physical activity for exercise over the two weeks before interview. Physical inactivity was 

defined as reporting no engagement in the leisure-time physical activities (<10 minutes), and 

moderate to heavy physical activity was defined as participation in at least one of several 
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rigorous physical activities in a typical 14-day period, described previously [22]. Moderate 

alcohol use was categorized as current drinking of >1 drink/month and ≤2 drinks/day. 

Fasting blood specimens were analyzed at the Core Laboratory of the Irving Center for 

Clinical Research to determine blood glucose and lipid levels, including total cholesterol and 

HDL. Anthropometric variables that were measured included height and weight used to 

determine BMI (as kg/m2) as well as waist and hip circumference. Systolic and diastolic 

blood pressures were calculated by averaging two measurements (before and after the 

physical examination) from the right brachial artery after a 10-minute rest in a seated 

position (Dinamap Pro100, Critikon Inc).

We also evaluated the effect modification of APOEε4 status. DNA samples were extracted 

from peripheral white blood cells by HhaI digestion and amplified by polymerase chain 

reaction (PCR). APOE ε4 carrier status included participants with a genotype of ApoE4/2, 

ApoE4/3, and ApoE4/4.

CAIDE score.—Table 1 shows the scoring algorithm of the CAIDE dementia risk score. 

The CAIDE score [12] was quantified by weighting the following risk factors to predict 

dementia: age (> or = 47 years), low education (< 10 years), sex, systolic blood pressure, 

obesity (BMI≥30), any physical activity, and total cholesterol, with greater points allotted for 

factors associated with higher dementia risk. As shown, there were two CAIDE scores, with 

and without APOE4 status, and the weighting of risk factors varied in these two scores.

NOMAS Global Vascular Risk Score.—GVRS is a weighted score developed in 

NOMAS to predict clinical vascular events [16]. It was quantified as follows: Age*0.08338, 

Male Gender*0.37949, African American*0.02770, Hispanic Ethnicity*−0.22214, 

Waist(inches)*0.02156, Moderate alcohol consumption*−0.18039, Former 

smoking*0.16383, Current smoking*0.69142, Moderate-to-heavy physical activity*

−0.16333, Moderate-to-heavy physical activity*male gender*−1.01324, Systolic blood 

pressure(mm Hg)*0.00158, Diastolic blood pressure(mm Hg)*0.01195, Diastolic blood 

pressure*anti-hypertensive medication*0.00247, Peripheral vascular disease*0.26737, 

Fasting blood sugar*0.00432, and Total Cholesterol:HDL (mg/dL)*0.05678.

Neuropsychological Assessment

The neuropsychological (NP) battery was administered in English or Spanish by trained 

research assistants in a quiet room close to the time of MRI sub-cohort recruitment (within 

weeks). As described previously [23], domain-specific Z scores were calculated for four 

cognitive domains (executive function, processing speed, episodic memory and semantic 

memory). The distribution of tests across the four domains was based on their inter-

relationships observed in an exploratory factor analysis as well as the conclusions of 

previous studies. Orthogonal rotation was used in the exploratory factor analysis. We defined 

the tests for each domain based on the largest loading to the factor (domain) and calculated 

the domain-specific Z scores by averaging Z-transformed NP test scores defined for each 

domain. Episodic memory was assessed with three sub-scores on a 12-word five trial list-

learning task: list learning total score, delayed recall score, and delayed recognition score. 

Executive function was assessed with two sub-scores: the difference in time to complete the 
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Color Trails test Form 1 and Form 2, and the sum of the Odd-Man-Out subtests 2 and 4. 

Processing speed was assessed with the Grooved Pegboard task with the non-dominant hand, 

the Color Trails test Form 1, and the Visual-Motor Integration test. Semantic memory was 

assessed with three tests: picture naming (modified Boston Naming) test, category fluency 

(Animal Naming) test and phonemic fluency (C, F, L in English speakers and F, A, S in 

Spanish speakers). A global cognition score was calculated as the mean of the four domain-

specific z-scores. A second neuropsychological assessment was conducted at a mean of 6±3 

years after the initial neuropsychological assessment. To quantify the changes in domain 

performance over time, the Z-score for performance in a specific domain at the initial 

assessment was subtracted from that at the second assessment. For global cognition, change 

in performance over time was calculated as the mean of the difference of the four domain-

specific z-scores over time. Around the time of neuropsychological assessment, intracranial 

volume and cerebral volume were measured by MRI, and cerebral volume as a percentage of 

intracranial volume was calculated [24].

Statistical Analysis

The primary independent exposures of interest were the CAIDE dementia risk scores and the 

NOMAS GVRS. The CAIDE score was quantified with and without the APOE component 

and was assessed both continuously per standard deviation (SD). The CAIDE score with the 

APOE component was dichotomized as score ≥9 vs. <9, a cutoff used previously [25]. The 

GVRS was assessed continuously per SD. The dependent exposures of interest were the 

global and the four-domain specific Z-scores for cognitive performance at the initial 

assessment, and the change in performance over time, calculated as the difference between 

the Z-score at follow-up and initial assessment. Linear regression models were used to 

assess the relationships between the CAIDE scores and GVRS with the cognitive domains. 

We adjusted for the time from baseline assessment to the first NP assessment in model 1 and 

additionally for age, sex, and years of education in model 2. In analyses of cognitive change 

over time we further adjusted for the time lag between the initial NP assessment and the 

follow-up assessment. Although age, sex, and education were included in the risk scores, we 

included them as covariates in model 2 as their independent associations have been 

accounted for in previous work [25]. An exploratory analysis was conducted to examine 

whether the associations between the CAIDE score and the GVRS with global cognition at 

initial performance and change over time varied by race/ethnicity. We examined the R2 

values across models to determine whether there was a difference between the CAIDE and 

GVRS in terms of the percentage of variability of the cognitive domain Z-scores explained. 

As a sensitivity analysis, we examined the relationships between the GVRS and CAIDE 

score with cognitive performance and change stratified by APOE ε4 carrier status to 

determine if the scores were similarly predictive of cognition among ε4 carriers and non-

carriers. Lastly, as an additional sensitivity analysis, we excluded the incident stroke cases 

accrued between the first and second cognitive assessment and examined the associations 

between the GVRS and CAIDE scores (continuous and categorical) with global cognitive 

change in this restricted cohort in models 1 and 2.
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Results

The study sample included 1,290 NOMAS participants (1,161 with available information on 

APOE4 carrier status; 15% White, 17% Black, 66% Hispanic; 60% women, 46% completed 

high school, 25% were APOE4 carriers). The mean age at baseline was 64±8 years, and the 

mean time from baseline to cognitive assessment was 6±3 years. The CAIDE score with 

APOE component ranged from 0–17, with a median of 9 (IQR=7–11), and 61% had a score 

of 9 or greater. The CAIDE without APOE ranged from 0–14, with a median of 8 (IQR=6–

9). The GVRS ranged from 4.4–10.8, with a median of 8.2 (IQR 7.6–8.9). Table 2 shows the 

distribution of the vascular risk factors in the study population that were included in the 

CAIDE score and GVRS.

Figure 1 shows the mean z-scores for global cognition and each of the four domains at the 

initial assessment as well as at the follow-up assessment, stratified by CAIDE score <9 vs ≥9 

and by the median GVRS. As shown, the mean Z-scores were above zero for all domains at 

both time points among those with a CAIDE score <9 and among those with a GVRS below 

the median, whereas the mean Z-scores were below zero for all domains at both time points 

among those with a CAIDE score 9+ and among those with a GVRS at or above the median. 

Univariate t-tests indicated that the mean Z-scores for all domains at both time points were 

significantly different between those with CAIDE <9 vs ≥9 and between those with GVRS 

<8.17 (median) vs ≥8.17 (P<0.0001 for all tests). The mean (± standard deviation) cerebral 

volume as a percentage of intracranial volume was 72.3±4.6 for those with CAIDE <9 vs. 

72.5±4.0 for CAIDE ≥9 (t-test after log transformation for normality: P=0.34), and 74.1±3.7 

for those with GVRS <8.2 vs. 70.7±4.0 for those with GVRS ≥8.2 (t-test after log 

transformation for normality: P<0.0001).

The GVRS was inversely associated with both global cognition at the initial testing, and 

with change over time in models with and without adjustment for age, sex, and education. A 

higher GVRS score was associated with greater decline in cognitive performance over time 

(Table 3). These associations were most apparent among APOE4 non-carriers in the fully 

adjusted model 2.

The CAIDE score, with and without the APOE component, was inversely associated with 

global cognition at initial testing in model 1 (Table 3). The association was apparent in 

APOE carriers and non-carriers. However, these associations were substantially attenuated 

after adjusting for age, sex, and education in model 2. The association between the full 

CAIDE score assessed continuously and global cognitive performance at initial assessment 

remained statistically significant in model 2, but the association for the dichotomized score 

(<9 vs ≥9) lost significance as did the CAIDE score without the APOE component. In model 

1, the full CAIDE score was associated with increased decline in global cognition over time. 

However, this association was entirely attenuated and not significant after adjusting for age, 

sex, and education in model 2. In both models 1 and 2, no associations were observed 

between the dichotomized full CAIDE score nor the CAIDE score without the APOE 

component with cognitive decline over time. There was no significant interaction between 

either the GVRS or CAIDE score and race/ethnicity in relation to global cognition 

performance and change over time.

Rundek et al. Page 6

J Alzheimers Dis. Author manuscript; available in PMC 2021 February 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



There were 55 confirmed incident strokes that accrued during the cognitive follow-up, and 

62% of these were among those with a CAIDE score ≥9, and 73% were among those with a 

GVRS at or above the median. When the incident stroke cases accrued during cognitive 

followup were removed from the population as a sensitivity analysis, the associations in 

models 1 and 2 between the CAIDE scores (continuous and categorical) and the GVRS with 

change in global cognitive performance remained consistent (data not shown).

Table 4 shows the associations between the CAIDE and GVRS with the four cognitive 

domains adjusting for age, sex, and education. As shown, an inverse association between 

CAIDE and cognitive performance at initial assessment was suggested for the executive 

function and processing speed domains, but there was no significant association between the 

CAIDE score and change in any of the cognitive domains. The GVRS was associated with 

worse executive function, semantic memory, and processing speed at initial assessment, 

though it was not associated with episodic memory in models adjusted for age, sex, 

education, and the time from baseline to cognitive assessment (Table 4). The GVRS was also 

associated with greater decline in episodic memory, semantic memory, and processing speed 

over time, though not with change in executive function.

Table 5 shows the R2 values, representing the percentage of variability in the cognitive 

outcomes explained by the vascular risk factors in the respective models. The R2 values were 

similar in fully-adjusted models that included the CAIDE score vs. the GVRS. In fact, the 

percentage of variability explained by the models including the vascular risk factors was 

similar to that explained just by socio-demographics (age, sex, years of education) and time 

span between cognitive assessments. In univariable models, the CAIDE score explained 

more variability in initial executive function and semantic memory, while the GVRS 

explained more variability in initial episodic memory and processing speed.

Discussion

In the multi-ethnic population-based NOMAS cohort, the CAIDE dementia risk score was 

not robustly associated with decline over time in cognitive performance, though there was a 

modest association with worse cognitive performance at initial assessment. In fact, the full 

CAIDE score was only inversely associated with executive function and processing speed at 

the initial cognitive assessment. In contrast, the NOMAS global vascular risk score (GVRS), 

created to test whether the inclusion of behavioral and anthropometric risk factors and 

continuous measures better predicted risk of clinical vascular events (e.g. stroke and MI) 

than other risk scores, was a strong predictor of global cognition, particularly of executive 

function, semantic memory and processing speed at initial assessment as well as decline in 

global cognition, episodic memory and processing speed. Although the relationship between 

the GVRS and cognitive health appeared more pronounced in APOE4 non-carriers, the 

public health message should emphasize the great importance of reducing vascular risk 

factors and promoting healthy lifestyle to prevent cognitive decline and dementia for all and 

regardless of APOE4 genotype.

Our findings are consistent with the observations in the British Whitehall II cohort, which 

found the Framingham general cardiovascular disease risk score and the Framingham stroke 
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risk score to be more related to cognitive decline than the CAIDE score [15]. We focused 

this study on the CAIDE dementia risk score as it is the most well-established multivariable 

prediction tool for dementia, and on the NOMAS GVRS rather than the Framingham scores 

because the GVRS has superior predictive ability for clinical vascular events in diverse study 

populations with a high proportion of Hispanics and blacks compared to the primarily white 

Framingham population [16].

The GVRS was inversely associated with initial cognitive performance and with greater 

cognitive decline among APOE4 non-carriers, though the relationships among APOE4 

carriers were no longer significant after adjusting for age and education. Of note, the mean 

GVRS was the same in APOE4 carriers and non-carriers (data not shown). A possible 

explanation for this finding is that the APOE4 carrier status may have accounted for most of 

the variance associated with cognitive aging, overwhelming the variance associated with the 

GVRS. For example, an earlier onset of age-related cognitive decline and more rapid 

progression of cognitive decline in “normal aging” was reported among APOE4 carriers 

than non-carriers [26]. The interactions between vascular risk factors, age, and ApoE4 status 

on cognitive performance is complex and still remains to be fully characterized. Although 

clearly there are age and risk factor differences in cognitive decline that are modified by 

APOE genotype, there is considerable variability in cognitive performance and in the risk of 

cognitive decline that is not explained by either APOE genotype or vascular risk factors, 

possibly suggesting that the underlying biological aging process is the main driver.

Possible explanations for the divergent findings between the association of CAIDE and 

GVRS with cognitive change may lie in the balance between practice effects from repeated 

testing in longitudinal studies, resulting in improved cognitive performance, and the effect of 

vascular risk factors on cognition at baseline and longitudinally [27]. For example, the 

vascular risk measured by the GVRS may be substantially greater than the vascular risk 

measured by the CAIDE score. In this scenario, the corresponding effects on cognitive 

performance would be greater with the GVRS than the CAIDE score, potentially 

overwhelming the practice effects on cognitive performance in the case of GVRS, but not in 

the case of CAIDE score. Also, in Table 4 the GVRS was negatively associated with 

executive function, semantic memory and processing speed, but not with episodic memory at 

baseline. However, the GVRS was negatively associated with episodic memory at follow-up, 

about six years later. While it is possible this finding of a delayed association between the 

GVRS score and lower scores with episodic memory only at follow-up, may be at random 

and inconsequential, it is also possible that the delayed onset of episodic memory 

impairment in association with GVRS scores may point to the known risk of 

neurodegeneration associated with the prolonged presence of clinical and subclinical 

cerebrovascular disease [28].

One reason for the stronger association between the GVRS and cognition compared to the 

CAIDE score is the fact that the GVRS includes race/ethnicity in its score. Blacks and 

Hispanics in NOMAS have worse cognitive performance compared to whites in NOMAS. 

However, there was no evidence of effect modification by race/ethnicity for the associations 

between the GVRS and CAIDE score with cognition. Since the mean age at NOMAS 

baseline was over age 60 it may be that the most sensitive period during which vascular risk 
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factors impact future cognitive health was missed for the majority of participants in the 

current study. The CAIDE score was developed to predict dementia and Alzheimer’s 

Disease using midlife risk factors [12], and it has been previously validated as a predictive 

tool for dementia up to 40 years later in a multiethnic cohort that included non-Hispanic 

whites, blacks, and Asians [29]. Though the CAIDE score may well predict clinical 

dementia and Alzheimer’s Disease, it may be too simplistic to effectively predict subclinical 

age-related cognitive dysfunction and decline.

It is interesting to note that in univariate analyses the CAIDE score explained a greater 

percentage of the variance for semantic memory and executive function than the GVRS, and 

the GVRS explained a greater percentage of the variance for processing speed and episodic 

memory. Consistently across NOMAS studies we have observed that processing speed is the 

domain most sensitive to vascular risk factors [30]. There were multiple vascular risk factors 

included in the GVRS that were only associated with the processing speed domain, 

including peripheral vascular disease and hypertension medication use, which may account 

for the strong relationship between the GVRS and processing speed. However, the fact that 

the CAIDE score included education attainment while the GVRS did not likely contributed 

to CAIDE’s superior performance in explaining the variance in executive function and 

global cognition in unadjusted models.

Although the current study shows that the GVRS has a stronger association with cognitive 

function over a mean of 6 years of followup compared to the CAIDE score after adjusting 

for sociodemographics, it is important to note that these two scores were created with 

different goals. The CAIDE score was designed as a simple and useful tool to predict future 

dementia risk that includes a small set of dichotomous variables easily identified and 

collected by physicians in routine standard of care practices, with the exception of APOE4 

carrier status. Its utility as a tool that physicians can easily use with patients to help inform 

dementia risk is noteworthy and important. The results of the current study do not suggest 

that the CAIDE score should be abandoned as a dementia prediction tool for physician use. 

In contrast, the GVRS is a more complex algorithm designed to predict clinical vascular 

events, including vascular death. Therefore, GVRS maybe be used as an add-on tool to aid 

in prediction of cognitive performance and cognitive decline, especially among individuals 

with a high burden of vascular risk factors.

The American Heart Association’s “Life’s Simple 7” metric, developed to represent the 

AHA’s definition of ideal cardiovascular health, is also considered to be a cardiovascular 

disease risk score, and includes the following modifiable risk factors: smoking, body mass 

index, physical activity, diet, blood pressure, total cholesterol, and fasting glucose. In our 

previous study, NOMAS participants who achieved more ideal CVH metrics had better 

cognitive performance and less decline over time [30]. A greater number of ideal CVH 

factors was associated with a reduced burden of several biomarkers of brain aging [30]. The 

association between Life’s Simple 7 and cognition also demonstrated no effect modification 

by race/ethnicity. The relationship between the Life’s Simple 7 metric and cognitive health 

was most apparent in relation to processing speed, similar to the GVRS, and appeared to be 

driven in particular by the smoking and fasting glucose components, which are vascular risk 

factors included in the GVRS but not in the CAIDE score. Physical activity was also an 
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important variable included in both the GVRS and in the CAIDE score. In a separate in-

depth analysis of physical activity in NOMAS, participants who were cognitively healthy at 

initial assessment and engaged in moderate-heavy physical activity had less decline over 

time in processing speed and episodic memory than those who reported lower engagement 

in physical activity [31].

Modifiable vascular risk factors (VRF) cause a derangement in extracranial or intracranial 

vessel architecture leading to arterial dysfunction, which can be responsible for an early 

subclinical age-related cerebrovascular brain changes (e.g., white matter disease and silent 

brain infarcts), and vascular cognitive impairment and dementia [32,33]. The mechanism 

linking vascular risk factors to vascular changes in cognitive aging are multi-factorial and 

include complex inflammatory, immune, infectious, and metabolic pathways with genetic 

and epigenetic contributions. VRF also have been linked with neurodegeneration and the 

greater Alzheimer’s Disease pathology in cognitively healthy older adults, and with 

dementia-related brain changes on MRI, including white matter hyperintensities and brain 

atrophy [30, 34–37]. In the current study we observed differences in cerebral volume as a 

percentage of head size between those with low and high GVRS such that those with a 

higher GVRS had lower cerebral volume, while there was no difference in cerebral volume 

between those with a low and high CAIDE score. These findings suggest that GVRS may be 

a more sensitive to detect the biological brain aging processes than CAIDE. We also found 

that less than 50% of the variability in cognitive performance at the first assessment was 

explained by demographics and vascular risk scores, underscoring the importance of other 

risk factors not examined in our study. Sociocultural and economic status, diet, psychosocial 

factors, stress, environmental exposures, and cognitive reserve are likely important factors in 

predicting cognitive function beyond VRF. Future studies are needed to elucidate the 

biological mechanisms through which the burden of vascular risk factors impact cognitive 

performance and trajectories.

It should be noted that the GVRS was created in the full NOMAS cohort, and therefore the 

study population used in the current analysis was part of that used to create the GVRS 

originally. Due to the strong association between cognitive health and vascular disease risk, 

it is possible that the association between GVRS and cognition in the current study in which 

the GVRS was created may be stronger than that observed in other study populations. 

Because strokes can impact cognitive performance and decline, and because the GVRS was 

created to predict stroke and other vascular events, we examined the relationships between 

both the GVRS and CAIDE with incident strokes that accrued during cognitive followup in 

this study. As expected, we found that a larger number of participants who were above the 

median for the GVRS experienced a stroke during cognitive followup, though the absolute 

numbers remained small. To rule out the possibility that this may have driven the 

conclusions we ran sensitivity analyses excluding those people who experienced a stroke 

during cognitive followup (N=55), and we found the unadjusted associations between the 

GVRS and CAIDE scores with global cognitive change remained consistent.

The inclusion of a diverse population-based cohort, its longitudinal follow up, and the 

comprehensive neuropsychological assessments are key strengths of the current study. 

Residual confounding by socioeconomic status and cognitive reserve as well as other 
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unmeasured risk factors for cognitive health are potential sources of bias in this 

observational study. This study was conducted in the MRI subcohort, which was younger 

and overall healthier at baseline compared to the full NOMAS cohort. However, in models 

adjusting for age, sex, and education, there was no significant difference in the GVRS nor 

the CAIDE score between those in the MRI subcohort and those not, suggesting that 

selection bias was unlikely. An additional limitation is the current lack of information on 

confirmed cases of dementia in this cohort. Future studies with additional follow-up will be 

important to better understand the relationship between vascular health and trajectories of 

cognitive change and devise valid scoring systems for better prediction of early cognitive 

dysfunction and vascular cognitive impairment and dementia.
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Figure 1. 
Cognitive performance at initial test and followup stratified by median Global Vascular Risk 

Score and CAIDE
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Table 1.

CAIDE Dementia Risk Score factors and number of points.

CAIDE CAIDE including APOE

Age

 <47 years 0 0

 47–53 years 3 3

 >53 years 4 5

Education

 ≥10 years 0 0

 7–9 years 2 3

 0–6 years 3 4

Sex

 Women 0 0

 Men 1 1

Systolic blood pressure

 ≤140 mmHg 0 0

 >140 mmHg 2 2

Body-mass index

 ≤ 30 kg/m2 0 0

 >30 kg/m2 2 2

Total cholesterol

 ≤6.5 mmol/l 0 0

 >6.5 mmol/l 2 1

Physical activity

 Active 0 0

 Inactive 1 1

APOE e4 status

 Non-carrier - 0

 Carrier - 2

Total number of points Max. 15 points Max. 18 points
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Table 2.

Description of the NOMAS study sample

Vascular Risk Factors N=1290

Age: mean (SD) 64 (8)

Education (years): mean (SD) 10 (5)

Male: N (%) 510 (40)

Race/ethnicity: N (%)

White 191 (15)

Black 223 (17)

Hispanic 847 (66)

Waist (inches): mean (SD) 37 (5)

BMI: mean (SD) 28 (5)

Moderate alcohol consumption: N (%) 530 (41)

Smoking: N (%)

Never 612 (47)

Former 475 (37)

Current 203 (16)

Any physical activity: N (%) 706 (56)

Moderate-heavy physical activity: N (%) 130 (10)

Systolic blood pressure: mean (SD) 139 (20)

Diastolic blood pressure: mean (SD) 83 (11)

Antihypertensive medication use: N (%) 527 (41)

Peripheral vascular disease: N (%) 156 (12)

Fasting blood sugar: mean (SD) 101 (39)

Total cholesterol (mg/dL): mean (SD) 210 (39)

HDL: mean (SD) 47 (15)

APOE4 carrier: N (%) 301 (25)
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Table 3.

CAIDE and Global Vascular Risk Score in relation to global cognition

Global Cognition: initial performance Beta, P-
value

Global Cognition: change over time* Beta, P-
value

Model 1 Model 2 Model 1 Model 2

Full CAIDE score Continuous (per 
SD)

−0.347, <0.0001 −0.050, 0.01 −0.033, 0.02 0.009, 0.57

Score 9+ (61%) vs. <9 −0.610, <0.0001 −0.071, 0.06 −0.022, 0.43 0.036, 0.24

CAIDE score without APOE per 
SD

−0.309, <0.0001 −0.024, 0.20 −0.018, 0.19 0.025, 0.09

In APOE4 carriers (N=301) −0.349, <0.0001 −0.011, 0.79 −0.048, 0.09 0.031, 0.30

In APOE4 non-carriers (N=914) −0.304, <0.0001 −0.039, 0.07 −0.011, 0.48 0.022, 0.20

GVRS (per SD) −0.247, <0.0001 −0.113, <0.0001 −0.127, <0.0001 −0.053, 0.01

GVRS in APOE4 carriers (N=301) −0.298, <0.0001 −0.087, 0.10 −0.108, <0.0001 0.019, 0.63

GVRS in APOE4 non-carriers 
(N=914)

−0.236, <0.0001 −0.133, <0.0001 −0.135, <0.0001 −0.075, 0.002

Model 1: Controlling for time from baseline to cognitive assessment

Model 2: Controlling for age, sex, years of education, time from baseline to cognitive assessment

*
Additionally controlling for initial performance and time between assessments
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Table 4.

CAIDE and Global Vascular Risk Score in relation to individual cognitive domains

Initial performance* Beta, P-value Change over time** Beta, P-value

Executive 
function

Episodic 
memory

Semantic 
memory

Processing 
Speed

Executive 
function

Episodic 
memory

Semantic 
memory

Processing 
Speed

CAIDE 
score (per 
SD)

−0.104, 
0.004

−0.011, 
0.72

−0.016, 0.56 −0.065, 0.03 −0.008, 0.79 0.052, 0.08 −0.011, 0.62 −0.019, 0.49

Score 9+ 
(61%) vs 
<9

−0.036, 
0.0004

−0.004, 
0.72

−0.005, 0.56 −0.023, 0.03 −0.003, 0.79 0.118, 0.08 −0.004, 0.62 −0.007, 0.49

GVRS 
(per SD)

−0.097, 0.01 −0.054, 
0.15

−0.071, 0.03 −0.230, 
<0.0001

−0.067, 0.08 −0.100, 
0.01

−0.028, 0.32 −0.079, 0.03

*
Controlling for age, sex, years of education, time from baseline to neurocognitive assessment

**
Additionally controlling for initial performance and time between assessments
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Table 5.

Variability of cognitive variables explained across models.

Initial performance Change over time*

R2 Global 
Cognition

Executive 
function

Episodic 
memory

Semantic 
memory

Processing 
Speed

Global 
Cognition

Executive 
function

Episodic 
memory

Semantic 
memory

Processing 
Speed

Covariates: 
Age, sex, 
education, 
time span

0.47 0.31 0.30 0.37 0.32 0.17 0.23 0.18 0.12 0.15

CAIDE 
without 
APOE

0.19 0.15 0.09 0.14 0.11 0.02 0.17 0.06 0.04 0.06

Full 
CAIDE 
score

0.24 0.18 0.11 0.18 0.12 0.03 0.17 0.06 0.05 0.07

Full 
CAIDE + 
covariates

0.47 0.32 0.30 0.37 0.32 0.16 0.22 0.19 0.11 0.15

GVRS 0.13 0.03 0.12 0.03 0.17 0.18 0.18 0.15 0.08 0.10

GVRS + 
covariates

0.48 0.32 0.30 0.37 0.34 0.18 0.24 0.20 0.13 0.15

*
Additionally controlling for initial performance and time between cognitive assessments
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