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Abstract

Background: Cardiovascular disease is linked to cognitive decline and disorders (e.g., 

dementia). The evidence is based largely on older non-Latino White cohorts.

Objective: Examine the association between global vascular risk and cognitive function among 

Hispanics/Latinos in the United States.

Methods: We used data from a large sample of stroke- and cardiovascular disease-free, middle-

aged and older Hispanics/Latinos with diverse backgrounds (n=7,650) from the Hispanic 

Community Health Study/Study of Latinos (HCHS/SOL). We compared associations between two 

measures of cardiovascular risk (CVR), the Framingham Cardiovascular Risk Score (FCRS) and 
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the multiethnic Global Vascular Risk Score (GVRS), and cognitive performance using measures of 

global and domain specific cognitive function, and tested for modification by sex and age.

Results: Higher FCRS and GVRS were associated with lower global cognition and higher 

probability of low mental status, after covariates adjustment. Both CVR indices were associated 

with lower performances in learning and memory, verbal fluency, and psychomotor speed. Higher 

GVRS presented stronger associations with lower cognitive function compared to the FCRS. 

Women and younger age (45–64 years) exhibited more pronounced associations between higher 

CVR and worse cognition, particularly so with the GVRS.

Discussion: CVR is also a risk for compromised cognitive function and evident in middle-age 

among Hispanics/Latinos. The multiethnic GVRS, tailored to specific risks based on racial/ethnic 

background, is feasible to use in primary care settings and can provide important insight on 

cognitive risk. Even modest shifts in population toward cardiovascular health in the high-risk 

Hispanic/Latino population can have important positive impacts on healthy cognitive aging.

Keywords

Cardiovascular risk; cognition; HCHS/SOL; Hispanics/Latinos; neuroepidemiology; 
neuropsychology

INTRODUCTION

By 2060 nearly 30% of the U.S. population will be Hispanic/Latino and only close to 45% 

will be non-Hispanic white [1]. Recent analyses by the Center for Disease Control suggests 

that the largest growth in Alzheimer’s disease and related dementias (ADRD), by 2060 

(versus 2014), will be among Hispanics/Latinos (7.5-fold compared to 90% among non-

Hispanic white) [2]. These statistics highlight the critical need for studying Hispanic/Latino 

populations. Compromised vascular health evokes a cascade of pathologies linked to 

cognitive decline, and cognitive disorders such as dementia in older age [3, 4]. Most of the 

evidence is based on older non-Latino Whites.

Hispanic/Latino (interchangeably used with Latino) studies on the association between 

cardiovascular disease (CVD) and cognition have included limited Latino groups (e.g., 

Dominicans). Furthermore, existing cohorts of Latino subgroups show notable variations in 

cognitive function and prevalence and incidence of dementias [5]. These select cohorts 

provided mixed evidence on the associations between vascular risk factors (e.g., diabetes) 

and cognitive function and disorders [6, 7]. More recently, studies using diverse Latinos 

indicate that cardiovascular health metrics and elevated burden are related to worse cognitive 

function [8, 9], and that specific cardiovascular risk (CVR) factors (e.g., compromised blood 

pressure) are associated with cognitive underperformance that is evident even in midlife [10, 

11].

CVRs are likely to cluster in individuals [12, 13]. Independent examination of individual 

factors (e.g., obesity) can mask the overall impact of CVR on cognition. Composite risk 

indicators, such as the Framingham Cardiovascular Risk Score (FCRS), aggregate important 

CVR information that have been linked to deficits in cognitive performance, cognitive 

decline, cerebrovascular disease markers (e.g., blood flow), and dementias in Whites [14–
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23]. Despite wide adoption, some have challenged the applicability of the FCRS to non-

Whites. Recently, a Global Vascular Risk Score (GVRS) that includes several FCRS factors, 

and other risk factors (e.g., anthropometry) was created and tested in a multiethnic 

prospective cohort of African Americans, Whites, and Caribbean Latinos (i.e., Dominicans 

and Puerto Ricans) [24]. The GVRS has been shown to improve prediction of cardiovascular 

events and stroke in minority populations [25], and was linked to successful aging (i.e., 

without significant cognitive decline) among older adults [24]. Middle-age Latinos are at 

high risk for CVD and have a disproportionately high CVD burden as a result of low levels 

of CVD awareness (e.g., undiagnosed hypertension) and healthcare access [26–30]. Little 

research to date has examined the association between global cardiovascular profile and 

cognition in middle-age and older Latinos, and no work has done so in a stroke and CVD 

event-free population.

In this study, we used data from a large sample of stroke- and CVD event-free middle-aged 

and older diverse Latinos in the Hispanic Community Health Study/Study of Latinos 

(HCHS/SOL), to examine associations between global vascular risk and cognitive function. 

Specifically, we examined and compared associations between two CVR measures (FCRS 

and GVRS) and cognitive performance. We hypothesized that higher CVR will be associated 

with lower cognitive performance in multiple domains (e.g., memory). We expected the 

associations to be stronger using the GVRS compared to FCRS, especially in the cognitive 

domains of verbal fluency and executive function [9, 10, 31]. Additionally, we expected 

these associations to be more pronounced among women, to be present in both middle-age 

and older adulthood, particularly for measures of memory and mental status.

METHODS

Data

HCHS/SOL is a multisite, prospective cohort study of 16,415 community-dwelling 

Hispanic/Latino adults (18–74 years old) from multiple background groups. The 

HCHS/SOL design was formulated to estimate representative baseline risk factors for 

overall Hispanics/Latinos as well as for specific backgrounds including Central Americans, 

Cubans, Dominicans, Mexicans, Puerto Ricans, and South Americans. Data were collected 

from field centers in four U.S. cities with substantial Hispanic/Latino population 

concentrations (Bronx, NY; Chicago, IL; Miami, FL; and San Diego, CA). Each field center 

recruited about 4,000 eligible, self-identified Hispanic/Latino adults. Detailed HCHS/SOL 

sampling methods have been previously published [32]. We used HCHS/SOL data from 

participants 45–74 years, with neurocognitive testing data, free of self-reported medical 

histories of: 1) stroke or transient ischemic attack, CVD events (coronary heart disease, 

angina, heart attack, heart failure, atrial fibrillation, and rheumatic heart disease), and 

without missing values for the primary exposures or the model covariables (n=7,650). 

Written informed consent was obtained from all included participants, and the study was 

reviewed and approved by the Institutional Review Boards of all participating institutions.

Cognitive outcomes included: 1) a global cognitive measure, based on a factor score 

generated using a confirmatory factor analysis of the cognitive tests available in HCHS/SOL 

(the Brief-Spanish English Verbal Learning Test sum of trials and recall, the Word Fluency 
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(WF), and the Digit Symbol Substitution (DSS) test; and 2) high and low mental status 

based on the Six-Item Screener (SIS). The SIS (range 0–6) is a mental status test that was 

scored dichotomously with a value of 4 or lower representing “cognitive impairment” 

(herein referred to as low mental status). The cut-point reflects previous validation work in 

patients with dementia [33]. In secondary analyses, we also considered the 4-cognitive 

continuous cognitive tests modeled independently. The B-SEVLT is an episodic learning and 

memory test with two scores: 1) the summed total of correctly learned items across three 

learning trials (B-SEVLT-sum; range 0–45), and 2) total correctly recalled items (B-SEVLT 

recall; range 0–15) following an interference trial. The WF is a phonemic verbal fluency test 

scored as the total number of correctly generated words within 1 minute for the letters F and 

A. The DSS is a mental processing speed and executive function exam (range 0–90). These 

cognitive tests and scoring procedures have been previously described [34]. A detailed 

characterization and discussion of these tests as applied to HCHS/SOL data is available 

elsewhere [35]. All continuous measures were z-score transformed [(Score-Mean)/Standard 

Deviation (SD); using the tests’ probability weighted means and SDs] to facilitate score 

comparisons across tests using a common metric.

Primary exposures included two composite CVR measures, the FCRS and GVRS. The 

FCRS is coded according to the Framingham study’s published criteria, using sex-specific 

equations incorporating age, total cholesterol, HDL cholesterol, systolic blood pressure and 

blood pressure treatment, smoking, and diabetes status [36]. The GVRS was constructed 

following previously published criteria based on data from the multiethnic Northern 

Manhattan Aging Study (NOMAS). The GVRS enriches the traditional Framingham score 

by using alternative functional forms of the traditional factors, and by adding anthropometric 

indicators (e.g., waist circumference), health behaviors (e.g., subjective physical activity 

levels based on the Global Physical Activity Questionnaire and moderate alcohol 

consumption), and peripheral vascular disease. A detailed description of the GVRS 

algorithm and component measures is published elsewhere [25]. Both the GVRS and FCRS 

yield probability estimates for 10-year CVD events. The probability values for both the 

FCRS and GVRS were multiplied by 100 to allow interpretation on a percentile scale. The 

distributions of the FCRS and GVRS and a scatter plot with a linear fit line representing 

their crude association are presented in Supplementary Figure 1.

Covariables in multiple regression models we included education (less than high school (<12 

years, 12 years, and >12 years), Latino background, depressive symptoms (Center for 

Epidemiologic Studies Depression-10; CESD-10) score, and Field Center. We do not adjust 

for age and sex since these variables are included in the risk prediction models for both the 

FCRS and the GVRS. However, we do test for age group and sex modifications.

Analytic strategy

Our analyses were conducted in three steps. First, we generated descriptive statistics for the 

HCHS/SOL subpopulation of interest and by Hispanic/Latino background to provide 

detailed characteristics of the diversity of Latinos in the target population (Table 1). We used 

survey adjusted chi-squared tests (for categorical variables) and t-tests (for continuous 

variables) to examine and test variations by covariates of interests. Second, we sequentially 
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fit survey generalized linear regression models (linear for the global cognitive measure and 

logistic for the mental status outcome) to model the associations between the CVR 

exposures and cognitive performance. In each case, we fit two models to determine the 1) 

crude, and 2) fully adjusted coefficients/odds ratios and standard errors/95% confidence 

intervals (CI; Table 2). To facilitate the interpretation of these associations we estimated and 

plotted the unadjusted and fully adjusted marginal cognitive performance means/

probabilities (average marginal effects, AMEs) [37, 38] and their 95% CI across the CVR 

continua (Fig. 1). By doing so we are able to visualize the predicted average cognitive 

function for the target population at different values of the primary exposures (in this case 

the CVR scores under consideration) [39]. Estimating and plotting adjusted AMEs allows us 

to compare cognitive performance at prespecified values of the CVR scores continua while 

holding other target population characteristics, as specified in the regression model, constant 

[37, 39]. By plotting the crude and adjusted estimates, we are able to assess the attenuation 

in the associations between the CVR scores and cognitive performance resulting from 

adjustment for the covariates. Third, we refit the fully adjusted models while independently 

including interactions between both sex and a dichotomized age indicator (45–64 years; 65 + 

years) and the vascular risk scores to test for the hypothesized sex and age modifications 

(Table 3). As with step above, we estimated and plotted the marginal cognitive scores 

means/probabilities (AMEs) and their 95% CI by sex (Fig. 2) and age (Fig. 3) groups across 

the vascular risk continua. In secondary analyses the survey linear regression models were fit 

following step 2 and 3 above for each of the cognitive tests, independently. In sensitivity 

analyses, we investigated the possibility of non-linear associations between the risk scores 

(the FCRS and GVRS, independently) and cognitive function. We considered several 

polynomial forms and linear splines but found no evidence for non-linear associations in our 

data (available from authors). Additionally, we refit all the above specified regression 

models using categorical versions of the risk scores that classified individuals into low (0–

<10%), intermediate (10–<20%), and high (20%+) risk. The results were qualitatively 

equivalent to the main findings (see Supplementary Table 1 and plotted in Supplementary 

Figure 2).

We used statistical procedures specific to complex survey sample designs in the Stata 

software package (15.1) for all study analyses. Specifically, we used Taylor Series 

Linearization to compute variance estimates and derive adjusted standard errors for 

statistical inferences [40]. All models accounted for the probability weighting, clustering, 

and stratification underlying the HCHS/SOL design [32].

RESULTS

Target population characteristics

Survey weighted descriptive characteristics for the HCHS/SOL target population are 

included in Table 1. About half of the target population was female (55.6%), and its mean 

age was 56 years (SD=9.9). Two-fifths of the target population (38.7%) had <12 years of 

education. The average CESD-10 score was 7.3 (SD=7.75; range 0–30). The estimated 

means for the cognitive tests were: B-SEVLT Sum, 22.7 (SD=7.0), B-SEVLT Recall, 8.2 

(SD=3.5), WF, 18.5 (SD=9.0), DSS, 34.6 (SD=16.5). Additionally, 14.4% of the target 
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population satisfied criteria for low mental status on the SIS (≤4). The overall means for 

FCRS and GVRS were 15.3 (SD=15.9) and 5.75 (SD=7.5), respectively. Latino groups 

varied significantly on all considered cognitive outcomes, cardiovascular risk measures, and 

covariates (Table 1).

Crude associations

We found that both the FCRS and GVRS had consistent (1) inverse linear associations with 

global cognition (βFCRS=−0.019 [SE=0.001] p < 0.001; βGVRS=−0.042 [SE=0.003] p < 

0.001; per 1% increase in risk score) and (2) higher odds ratios of low mental status 

(ORFCRS 1.021 95%CI=1.016–1.026]; −ORGVRS=1.025, 95%CI=1.037–1.066]; p < 0.001 

for both) (Table 2). Additionally, both the FCRS and GVRS were negatively linked (Table 2) 

to all examined domain-specific measures of learning and memory (SEVLT-sum and 

SEVLT-Recall), verbal fluency (WF), and psychomotor speed and executive function (DSS).

Adjusted associations

Adjusting the regression models for the covariates attenuated the estimated crude association 

between the FCRS (β--FCRS=−0.014 [SE=0.001] p < 0.001; per 1% increase in risk score) 

and the GVRS (β—GVRS=−0.031 [SE=0.002] p < 0.001; per 1% increase in risk score) and 

global cognition by close to a quarter. Adjustments for the covariates also attenuated the 

estimated log odds of low mental status classification for the GVRS by close to 8% 

(−ORGVRS=1.048 [95%CI=1.032–1.064]; p < 0.001). The majority of the attenuations in the 

estimated coefficients resulted from controlling for educational attainment. We found similar 

attenuation trends when examining the associations between the risk scores and the 

individual cognitive domains (Table 2). The estimated crude coefficients for the FCRS 

decreased by 20%, 12.5%, 33%, and 18% for the B-SEVLT Recall, B-SEVLT Sum, WF, and 

DSS, respectively. The estimated crude coefficients for the GVRS decreased by 26%, 27%, 

43%, and 21% for the B-SEVLT Recall, B-SEVLT Sum, WF, and DSS, respectively. 

Importantly, after adjusting for covariates, the inverse associations between the GVRS and 

each of the considered cognitive measures were more than double the magnitude of the 

associations reported for the FCRS (Table 2). The adjusted marginal means/probabilities, 

and their 95% confidence intervals, for each risk score for the primary outcomes of global 

cognitive function and low mental status, and secondary domain specific cognitive 

outcomes, are presented in Figure 1.

Age and sex modifications

Tests of interactions for both CVR scores with sex provided evidence for modification 

(Table 3) such that women had more pronounced associations between higher CVR and 

worse cognition (Fig. 2). These findings were consistent for global cognition and mental 

status, as well as domain-specific measures of memory, verbal fluency, and executive 

function. Modification by age was evident with the GVRS with respect to global cognition 

(p < 0.001), low mental status (p=0.091), episodic and learning memory (p=0.001 and 

p=0.015 for B-SEVLT Recall and B-SEVLT Sum, respectively), and executive function (p < 

0.001) (Table 3). Age only modified the association between the FCRS and global cognition 

(p=0.001) and executive function (p < 0.001). Younger individuals (<65 years) had more 

pronounced associations between higher CVR and worse cognition. The survey adjusted F-
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tests and p-values for the interactions (and group differences in slopes) are presented in 

Table 3. Plots of the estimated slopes by sex and age groups, for the cognitive outcomes, as 

detailed in our regression results above, are plotted in Figures 2 and 3, respectively.

DISCUSSION

We found that higher CVR scores were associated with notably lower cognitive 

performance, across multiple domains of cognition including memory and executive 

function. These findings extend the evidence base on the negative links between CVR and 

lower cognitive performance, and increased risk of cognitive impairment [3, 4, 44–47] using 

the first diverse Hispanic/Latino cohort. Additionally, existing findings derive largely from 

older cohorts and the evidence base on vascular risk and cognition in younger cohorts 

remains limited. Our results complement recent work by Joosten and colleagues using data 

from the PREVEND cohort that showed that the association of cardiovascular risk with 

poorer cognitive function is already present in early middle age adults [48]. Consistent pre/

subclinical deficits in cognitive function can herald the onset of cognitive disorders by 

several decades. Targeting cardiovascular risks for modification and enhancing clinical 

access can be particularly impactful on cognitive disease course and progression among 

Latinos given their lower disease awareness and access to healthcare resources [49, 50].

We found that the GVRS exhibited stronger links to lower cognitive function compared to 

the FCRS. Sacco and colleagues [25] have argued that many of the existing tools to predict 

cardiovascular events have been limited by “use of single index, lack of racial diversity, or 

endpoints that are limited to either heart disease or stroke alone.” The FCRS is derived from 

a largely non-Latino white population and recent work has challenged its sensitivity to 

population differences in the mix of risk factors outside of non-Latino white populations. 

The differences between the GVRS and FCRS scores could be attributed to several issues. A 

primary weakness of the FCRS is that it does not include behavioral variables or 

anthropometric indexes. The GVRS improves prediction by including behavioral risk factors 

such as alcohol consumption, physical activity, and waist circumference. As such, our 

findings could reflect the GVRS’ strength in accounting for such factors that are relevant to 

and differentially expressed among Latinos. Second, the GVRS was developed with 

applicability to diverse populations in mind and was derived from the NOMAS cohort, 

which had a significant proportion of Hispanic samples. Our results support the suggestion 

that models tailored to specific subgroup risks and built using multiethnic samples can 

provide better insight into the role of CVR in cognitive health. The GVRS is feasible to use 

in primary care settings because all the factors that are included are recorded or easy to 

obtain through simple self-reported questionnaires.

The relationships between CVR and cognitive function were consistently modified by sex 

for both the FCRS and GVRS. We expected evidence of modification particularly with the 

GVRS given its incorporation of behavioral and obesity risk factors. Middle-aged and older 

Latinas (45 years and older) have a much higher likelihood of abdominal obesity relative to 

men and are more likely to satisfy criteria for metabolic abnormalities [51]. The role of sex 

in the relationship between CVD and cognition is complex and requires additional 

investigation.
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The negative association between higher CVR and lower cognition was more pronounced in 

middle adulthood. Cardiovascular burden accumulates in middle age and differentially so 

across racial/ethnic groups. The accumulation of risk factors in young adulthood and middle 

age accelerates cardiovascular disease onset and the insidious buildup of biological risks 

(e.g., brain lesions). Epidemiological work indicates that the prevalence of advanced 

atherosclerotic arterial plaques is high even at young ages. McGill and colleagues, for 

example, used data from autopsied decedents ages 30–34 to show that one in four men had 

advanced lesions and pronounced atherosclerotic stenosis in their brain [52]. Paul and 

colleagues [53] using data from asymptomatic young to middle age (24–43 years old) Black 

and White adults showed that having multiple cardiovascular risk factors (3+) was 

associated with close to a 5-fold increase in the odds of classification in the highest 5th 

percentile of having carotid intima-media thickness. Our results provide further support to 

scientific calls for increased focus on midlife interventions with modifiable risks when these 

risks are likely to emerge. Interventions aimed at improving the CVR profiles of Latinos can 

be particularly significant. Doing so has the potential to provide an early buffer for cognitive 

function and could reduce the severity of change in cognitive status to levels that are less 

insidious.

Study strengths

This study has several strengths. First it uses HCHS/SOL data, including the most detailed 

characterization of biomarkers and multiple cognitive measures from the largest cohort of 

diverse Latinos in the United States (US). Second, we adopted an analytic plan that allowed 

us to directly compare the associations of the risk measures. Third, we were able to link 

cognitive underperformance to higher vascular risk in a relatively young population that was 

free of cardiovascular disease or stroke. This provides evidence that the influence of vascular 

risks on brain aging are likely to begin years before clinical symptoms manifest. Our results 

indicate that CVR has the potential to affect cognitive performance, slow processing speed, 

and alter executive function, thus initiating and likely accelerating the cascade of cognitive 

decline into older age. Our results also emphasize the importance of synergistic associations 

between risk components in cardiovascular disease-free individuals, which could be missed 

or underestimated by focusing on single components.

Limitations

Several limitations are worth mentioning. First, we were unable to ascertain cognitive 

change or cognitive disease status (e.g., dementia). Second, the study’s baseline did not 

include individuals over age 74 years, which limited our ability to generalize to older Latino 

population. However, the strength of this study is our ability to link these competing risk 

scores to cognitive function at a younger age where intervention to improve modifiable risks 

for cardiovascular disease and stroke events and ultimately brain disease is feasible. This 

said, we also did not have cognitive data on individuals aged < 45 years in HCHS/SOL and 

therefore could not test our hypotheses in younger age groups. Given the more pronounced 

effects observed at middle age in this study as well as previous published work in other 

younger cohorts (e.g., Coronary Artery Risk Development in Young Adults Study) relating 

cardiovascular risk to brain health in early adulthood, future work should focus on collecting 

data among younger Hispanics/Latinos and other minorities to investigate these earlier age 
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risks for cognitive impairment and ADRDs. Third, although AMEs mimic the counterfactual 

logic of quasi-experimental observational studies and permit us to assess and visualize 

cognitive function over the continua of the CVR scores, the slopes and interpretation of the 

relationships should be considered in the context of observational cross-sectional data. As 

such, no causal links can be inferred from the generated estimates and plotted slopes. Fourth, 

the evidence base suggests a high variability in educational quality among under-represented 

minority groups in the US. Adjusting for education alone might not have been sufficient to 

control for the effects of education. Uncovering and accounting for residual confounding 

through more precise measures of educational quality and its conceptual proxies are needed 

in future work. Fifth, we did not account for genetic risk, including APOE4, in this study. 

Future work should consider examining the role of APOE4 in the pathway between CVD 

risk and cognition. Sixth, we did not have access to MRI markers in our cohort. Enriching 

the HCHS/SOL cohort with MRI markers offers valuable resources and future directions for 

work in Hispanic/Latino samples. Lastly, we only considered the FCRS and GVRS. Both 

scores can potentially underestimate the risk of all adverse cardiovascular events and thus 

can be less sensitive to cognitive problems. Other competing risk scores should also be 

examined.

Conclusion

Cardiovascular disease risks are also risks for lower cognitive function in middle age and 

early older adulthood. Cardiovascular disease interventions are therefore promising avenues 

for reducing vascular contributions to cognitive impairment and dementia. Even modest 

shifts in population cardiovascular health may have important positive impacts on healthy 

cognitive aging, which has the potential to enhance quality of life, health expenditures, and 

stress on health resources in the US. This is particularly important given the continued 

ascendance of cognitive disorders and their vascular subtypes in the US. Future work that 

examines the association between CVR and longitudinal cognitive outcomes including 

cognitive impairment and dementia are warranted, especially in Latinos with high 

cardiovascular disease risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Estimated marginal means/probabilities (Average Marginal Effects; AMEs) and 95% 

confidence intervals for the associations between cardiovascular risk scores and cognitive 

function (z-scores for continuous outcomes). Results are derived from survey generalized 

linear models. Results for Hispanic/Latino adults ages 45–74 years without prevalent stroke 

or cardiovascular events (HCHS/SOL; 2008–2011). FCRS, Framingham Cardiovascular 

Risk Score; GVRS, Global Vascular Risk Score; Global Cognition, Composite factor score; 

SIS, Six-item Screener; SEVLT, Spanish English verbal learning test; WF, word fluency; 

DSS, digit symbol substitution. Adjusted includes education, Hispanic/Latino background, 

CESD-10, and study site adjustments. (a) Global cognitive outcomes (b) Domain specific 

cognitive function.
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Fig. 2. 
Estimated marginal means/probabilities (Average Marginal Effects; AMEs) and 95% 

confidence intervals for sex modifications in the associations between cardiovascular risk 

scores and cognitive function (z-scores for continuous outcomes). Results are derived from 

survey generalized linear models. Results for Hispanic/Latino adults ages 45–74 years 

without prevalent stroke or cardiovascular events (HCHS/SOL; 2008–2011). FCRS, 

Framingham Cardiovascular Risk Score; GVRS, Global Vascular Risk Score; Global 

Cognition, Composite factor score; SIS, Six-item Screener; B-SEVLT, Spanish English 

verbal learning test; WF, word fluency; DSS, digit symbol substitution. Models are adjusted 

for education, Hispanic/Latino background, CESD-10, and study site adjustments. (a) 

Global cognitive outcomes (b) Domain specific cognitive function.
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Fig. 3. 
Estimated marginal means/probabilities (Average Marginal Effects; AMEs) and 95% 

confidence intervals for age modifications in the associations between cardiovascular risk 

scores and cognitive function (z-scores for continuous outcomes). Results are derived from 

survey generalized linear models. Results for Hispanic/Latino adults ages 45–74 years 

without prevalent stroke or cardiovascular events (HCHS/SOL; 2008–2011). FCRS, 

Framingham Cardiovascular Risk Score; GVRS, Global Vascular Risk Score; Global 

Cognition, Composite factor score; SIS, Six-item Screener; B-SEVLT, Spanish English 

verbal learning test; WF, word fluency; DSS, digit symbol substitution. Models are adjusted 

for education, Hispanic/Latino background, CESD-10, and study site adjustments. (a) 

Global cognitive outcomes (b) Domain specific cognitive function.
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