

[image: image1]
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Background: Cardiovascular disease (CVD) risk factors are highly prevalent among Hispanic/Latino adults, while the prevalence of MRI infarcts is not well-documented. We, therefore, sought to examine the relationships between CVD risk factors and infarcts with brain structure among Hispanic/Latino individuals.

Methods: Participants included 1,886 Hispanic/Latino adults (50–85 years) who underwent magnetic resonance imaging (MRI) as part of the Study of Latinos—Investigation of Neurocognitive Aging-MRI (SOL-INCA-MRI) study. CVD risk was measured approximately 10.5 years before MRI using the Framingham cardiovascular risk score, a measure of 10-year CVD risk (low (<10%), medium (10- < 20%), and high (≥20%)). MR infarcts were determined as present or absent. Outcomes included total brain, cerebral and lobar cortical gray matter, hippocampal, lateral ventricle, and total white matter hyperintensity (WMH) volumes. Linear regression models tested associations between CVD risk and infarct with MRI outcomes and for modifications by age and sex.

Results: Sixty percent of participants were at medium or high CVD risk. Medium and high CVD risk were associated with lower total brain and frontal gray matter and higher WMH volumes compared to those with low CVD risk. High CVD risk was additionally associated with lower total cortical gray matter and parietal volumes and larger lateral ventricle volumes. Men tended to have greater CVDRF-related differences in total brain volumes than women. The association of CVD risk factors on total brain volumes increased with age, equal to an approximate 7-year increase in total brain aging among the high-CVD-risk group compared to the low-risk group. The presence of infarct(s) was associated with lower total brain volumes, which was equal to an approximate 5-year increase in brain aging compared to individuals without infarcts. Infarcts were also associated with smaller total cortical gray matter, frontal and parietal volumes, and larger lateral ventricle and WMH volumes.

Conclusion: The high prevalence of CVD risk among Hispanic/Latino adults may be associated with accelerated brain aging.
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Introduction

Cardiovascular disease (CVD) risk factors (e.g., hypertension) are common, and their prevalence increases with age (Tsao et al., 2022). Evidence of cerebrovascular brain injury, as clinically manifested by stroke or magnetic resonance imaging (MRI) measures such as white matter hyperintensities and clinically silent infarction, is also more prevalent with increasing age (DeCarli et al., 2005; Lamar et al., 2022). Even in the absence of stroke, CVD risk factors accelerate brain aging (Seshadri et al., 2004) through a variety of proposed mechanisms, including, but not limited to, increased inflammation, microstructural damage, exposure to toxins through the breakdown of the blood–brain barrier, and reduced cerebral blood flow (Zlokovic, 2005; Gorelick et al., 2011; Verstynen et al., 2013). As a result, individual and aggregate measures of CVD risk factors have been associated with smaller brain volumes, larger ventricular volumes, and increased risk for future cognitive impairment, stroke, dementia, and death (Jeerakathil et al., 2004; Seshadri et al., 2004; Brickman et al., 2008; Debette et al., 2010, 2011, 2019). Furthermore, certain brain regions (e.g., the frontal lobes and hippocampus) may be particularly susceptible to damage from CVD risk factors (Raz et al., 2007; Srinivasa et al., 2016). Notably, the relationship between CVD risk factors and brain injury is not uniform and may differ by sex, with women (in human and animal models) tending to experience worse brain and cognitive outcomes in the presence of CVD risk factors compared to men (Salinero et al., 2020; Huo et al., 2022).

Much of what we know about CVD risk factors and the brain in the United States, however, is from studies of non-Hispanic white (DeCarli et al., 2005) and/or Black African American cohorts (Aggarwal et al., 2010; Gottesman et al., 2015). Hispanic/Latino middle-aged and older adults living in the United States have a prevalence of CVD risk factors, which is often equal to or higher than rates found among their non-Hispanic/Latino white counterparts (Daviglus et al., 2014; Rodriguez et al., 2014). Additionally, Hispanic/Latino adults may be more susceptible to CVDRF-related differences in cognition, brain structure, and pathology compared to their non-Hispanic/Latino white peers (Filshtein et al., 2019; Stickel, 2019; Stickel et al., 2019). In fact, recent work in the Study of Latinos—Investigation of Neurocognitive Aging (SOL-INCA) finds that CVD risk factors are strongly associated with cognitive performance and MCI diagnosis (Gonzalez et al., 2019, 2020; Lamar et al., 2019; Tarraf et al., 2020). Conversely, Hispanic/Latino adults tend to have a lower prevalence of infarct compared to their non-Hispanic/Latino Black peers but similar rates as non-Hispanic/Latino whites (Prabhakaran et al., 2008) though incidence rates of infarct and stroke may be higher among Hispanic/Latino individuals (Morgenstern et al., 1997; Uchino et al., 2004). Finally, differences in stroke mortality between Hispanic/Latino adults and other ethnic and racial groups are mixed (Sacco et al., 1991; Morgenstern et al., 1997; Hartmann et al., 2001). Hispanic/Latino adults tend to have strokes at earlier ages compared to non-Hispanic/Latino white adults and may have higher prevalence, but this varies widely by age, sex, type of stroke, and heritage group (e.g., Mexican vs. Cuban heritage) (Morgenstern et al., 1997; Uchino et al., 2004; Prabhakaran et al., 2008; Rodriguez et al., 2014; Tsao et al., 2022). Heritage group alone is associated with differences in CVD risk factors, self-reported stroke, and brain structure (Daviglus et al., 2012; Stickel et al., 2023), but most existing studies of Hispanic/Latino brain aging sample almost exclusively from one or two heritage groups.

Key characteristics distinguish Hispanic/Latino stroke survivors from their non-Hispanic/Latino peers, such as lower access to healthcare and higher prevalence of certain CVD risk factors (Smith et al., 2003; Mahajan et al., 2021). Consequently, CVD risk factors are more likely to go undiagnosed and untreated for longer periods of time among Hispanic/Latino individuals, increasing the risk for more serious cardiovascular health problems and stroke (Rodriguez et al., 2014). Taken together, this highlights the critical need to further investigate the relationships between CVD risk factors, brain infarcts (a risk factor for future stroke independent of CVD risk factors) (Debette et al., 2010), and brain outcomes within diverse samples of Hispanic/Latino adults.

We, therefore, examined whether CVD risk factors and brain infarcts detected on MRI were each associated with brain volumes, lateral ventricle volumes, and white matter hyperintensity volumes (WMHs) while accounting for heritage. We also investigated if these relationships differed by age or sex. Consistent with previous findings in non-Hispanic/Latino white (DeCarli et al., 2005) and mixed racial and ethnic cohorts (Aggarwal et al., 2010), we hypothesized that higher CVD risk and the presence of infarcts would be associated with smaller brain (global and regional) volumes and larger lateral ventricle and WMH volumes. We also predicted that these exposures would exacerbate age-related brain differences as previously described in the non-Hispanic/Latino white population and would be more pronounced among women compared to men.



Methods


Data

The Hispanic Community Health Study/Study of Latinos (HCHS/SOL) is a population-based prospective cohort study of community-dwelling diverse Hispanic/Latino adults. During Visit 1 (2008–2011), 16,415 Hispanic/Latino adults (18–74 years) were enrolled from four major metropolitan cities: Bronx, NY; Chicago, IL; Miami, FL; and San Diego, CA. Regions that were sampled were defined by tracts from the 2000 census to ensure diversity across Hispanic/Latino heritage groups (LaVange et al., 2010). HCHS-SOL designed complex survey sampling weights that allow for generalization to the target Hispanic/Latino population. Study methods and the design are published elsewhere (Sorlie et al., 2010). The Study of Latinos-Investigation of Neurocognitive Aging Magnetic Resonance Imaging (SOL-INCA-MRI) is an ancillary study of HCHS/SOL that investigates brain health in the Hispanic/Latino community. SOL-INCA-MRI participant selection was enriched for individuals with cognitive impairment based on the National Institute on Aging Alzheimer’s Association Criteria (McKhann et al., 2011; Gonzalez et al., 2019), and the cognitively healthy subjects were randomly sampled with sex and field center matching to the participants with cognitive impairment. In addition, younger (35 to 50 years old at Visit 2) individuals were chosen at random from the parent HCHS/SOL study to obtain a lifespan perspective on Hispanic/Latino brain health. We used all available data up to 10 April 2022, excluding individuals younger than 50 years. The study included an unweighted total of 1,886 participants (weighted as 42% men and 58% women), aged 50–85 years, all of whom had completed MRI imaging and relevant image processing. Neuroimaging methods are described below and in our first report on age and sex associations with brain volumes (Stickel et al., 2023).



MRI acquisition and analysis

Brain images were obtained on 3 T MRI scanners [GE 3 T 750 (3 sites) or Philips 3 T Achieva TX (1 site)]. The current study was interested in high-resolution T1-weighted structural images (1 mm3) and fluid-attenuated inversion recovery sequences (3DFLAIR). All images were processed and analyzed using pipelines created at UC Davis’ Imaging of Dementia and Aging (IDeA) laboratory. These steps are detailed elsewhere (Stickel et al., 2023). The presence of MRI infarction was determined from the size, location, and imaging characteristics of the lesion as previously described (DeCarli et al., 2005). The image analysis system allowed for superimposition of the subtraction image, the proton density image, and the T2 weighted image at a three-times magnified view, aiding in the interpretation of lesion characteristics. The signal void, best seen on T2-weighted images, was interpreted to indicate a vessel. Only lesions 3 mm or larger qualified for consideration as cerebral infarcts. Other necessary imaging characteristics included the following: (1) CSF signal characteristics on the subtraction image and (2) if the infarct was in the basal ganglia area, distinct separation from the circle of Willis vessels. Kappa values for agreement among raters were generally good and ranged from 0.73 to 0.90.



Outcomes

The outcomes included total brain, total cortical gray matter, individual cortical lobar (frontal, parietal, temporal, and occipital), hippocampal, lateral ventricle, and total WMH volumes. All MRI measures were residualized to total cranial volume and standardized (z-scored) to facilitate interpretation across outcomes using the full SOL-INCA-MRI sample, including individuals 30–50 years of age. Lateral ventricle and total WMH measures were naturally log-transformed before residualization to normalize variance.



Primary exposures

The Framingham cardiovascular risk score (FRS) was assessed using the Framingham 10-year risk score equation, which accounts for a wide array of CVD risk factors such as diabetes and cholesterol and is more accurate to current cardiovascular health than relying solely on self-reported measures (D’agostino et al., 2008). The FRS score is generated using male- and female-specific equations. Three CVD risk categories were generated based on FRS risk (<10% = low, 10– < 20% = medium, and ≥ 20% = high). For this study, we used CVD risk at baseline, an average of 10.1 ± 1.4 years before MRI. Evidence of infarct(s) on MRI (0 = absent, 1 = present) was operationalized as a binary measure and determined as described above.



Covariables

The covariables included age at MRI visit, sex (male and female), and Hispanic/Latino heritage (Central American, Cuban, Dominican, Mexican, Puerto Rican, and South American).



Analytic sample

As of April 2022, a total of 2,288 participants had MRI data collected and processed. Sampling weights were generated for this SOL-INCA MRI sample to improve generalizability to the target population. We excluded 249 participants aged less than 50 years, 3 participants with missing Hispanic/Latino heritage, 11 participants with missing Framingham score, and 139 participants with missing MRI infarcts data. Participants less than 50 years old were excluded due to limited variability in FRS and infarct, which would have resulted in over-extrapolation of the data. The final unweighted analytic sample is 1,886.



Analytic strategy

All estimates were computed using Stata 17 software, and analyses were performed using complex survey design features to account for the SOL-INCA-MRI study design and allow appropriate generalization of the target population. First, we generated descriptive statistics by sex groupings across our covariables of interest and exposures of interest (Table 1). Table 1 includes prevalence and standard errors for categorical measures and means and standard deviations for continuous measures. To test differences by sex, we used survey-adjusted chi-squared and F-tests for categorical and continuous variables, respectively. Second, we fit survey-weighted linear regression models to test the associations between our exposures of interest and brain measure outcomes adjusting for sex, age, and Hispanic/Latino heritage. Betas and 95% confidence intervals from these models are presented in Tables 2, 3. We re-estimated all models to include two-way interactions between CVD risk and infarcts with sex and age to test for modifications in associations between cardiovascular risk and infarcts prevalence by men and women and over the SOL-INCA-MRI age continuum. ANOVA-like F-tests were used to determine the significance of interactions and are presented in Supplementary Table S1. To aid in the interpretation of results, we plotted post-hoc marginal estimates and 95% confidence intervals for main effects and significant modification effects from two- and three-way interactions with sex and age. In sensitivity models, we refit our linear models using three-way interactions between CVD risk and infarcts, independently, and age and sex (e.g., CVD risk*sex*age). The ANOVA-like F-tests derived from these models are included in Supplementary Tables S3, S5.



TABLE 1 Descriptive statistics for Study of Latinos—Investigation of Neurocognitive Aging MRI target population.
[image: Table1]



TABLE 2 Associations of baseline Framingham cardiovascular risk score with brain volumes.
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TABLE 3 Associations of infarcts with brain volumes.
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Results


Descriptives

A total of 582 men and 1,304 women (unweighted) were included in the analysis. Women had lower baseline cardiovascular risk as assessed by the Framingham cardiovascular risk score and lower prevalent rates of infarcts compared to men (Table 1).



Framingham cardiovascular risk score

As expected (Tsao et al., 2023), CVD risk, obtained on average 10.1 years before MRI, increased with age (βage = −0.007; 95%CI [0.002;0.006]) and male sex (βmen = 0.04; 95%CI [0.038;0.045]). Medium CVD risk based on the FRS was associated with smaller total brain matter (βtotal_brain = −0.16; 95%CI [−0.29;−0.02]). Age-adjusted differences were also significantly smaller for frontal gray matter and larger for WMH volumes than low CVD risk. High CVD risk was additionally associated with larger lateral ventricles, smaller total gray, and smaller parietal gray matter volumes compared to low CVD risk (Table 2; Figure 1). No significant associations were found between the levels of CVD risk with hippocampal, occipital, or temporal volumes (Table 2).

[image: Figure 1]

FIGURE 1
 Associations between age and brain volumes per baseline Framingham cardiovascular risk score group (low, medium, and high) in the Study of Latinos-Investigation of Neurocognitive Aging Magnetic Resonance Imaging (SOL-INCA MRI). Estimates represent the associations of age with total brain volumes per cardiovascular disease risk group (low, medium, and high). These are derived from models that adjusted for sex and Hispanic/Latino heritage groups and include an age × cardiovascular risk interaction. The dotted lines demonstrate that a 70-year-old with high cardiovascular risk has similar total brain volumes to that of a 77-year-old at low risk, suggesting 7 years of brain aging in the former group.


In two-way interaction models, we detected a significant age by sex and CVD risk by sex interaction but only for total brain volumes (Supplementary Table S1). Individuals with medium and high CVD risk had more pronounced decrements in total brain volumes with older age (Supplementary Table S2). For example, this difference translates into a 7-year increase in brain aging for some individuals (e.g., a 70-year-old in the highest CVD risk group had a predicted brain volume equivalent to a 77-year-old in the lowest risk group; Figure 1). Men with medium and high CVD risk had significantly lower total brain volume (Supplementary Table S2). We did not find consistent three-way interactions (CVD risk*Sex*Age) on brain markers (Supplementary Tables S3, S4).



MRI infarcts

MRI infarcts were also associated with lower residual total brain volume (βΔtotal_brain = −0.35; 95%CI [−0.57;−0.12]). For someone 70 years of age with an infarct, this translates to approximately a 5-year increase in brain aging (Figure 2). Smaller total gray matter and frontal and parietal volumes, as well as larger lateral ventricle and WMH volumes, were also significantly associated with MRI infarction (Table 3). Sex did not modify the associations between infracts and brain measures. MRI infarcts, however, were linked to more pronounced decrements in frontal gray volumes with older age (Figure 3, Supplementary Tables S1, S2). Three-way interaction sensitivity models indicated that age decrements in frontal cortical gray volumes were specifically evident for men with MRI infarcts (Supplementary Tables S4, S5, Supplementary Figure S1). No other interactions were significant.

[image: Figure 2]

FIGURE 2
 Association between age and total brain volumes per infarct group in the Study of Latinos-Investigation of Neurocognitive Aging Magnetic Resonance Imaging (SOL-INCA MRI). Infarct(s) assessed on magnetic resonance imaging scan. Estimates represent the main associations between age and total brain volumes per infarct group, and these are derived from models that included main effects for sex and Hispanic/Latino heritage groups. The dotted lines demonstrate that a 70-year-old with the presence of infarct(s) has similar total brain volumes to that of a 75-year-old without infarcts, suggesting 5 years of brain aging in the former group.


[image: Figure 3]

FIGURE 3
 Association between age and frontal gray matter volumes per infarct group in the Study of Latinos-Investigation of Neurocognitive Aging Magnetic Resonance Imaging (SOL-INCA MRI). Infarct(s) assessed on magnetic resonance imaging scan. Estimates represent the main associations between age and frontal gray matter volumes per infarct group, and these are derived from models that included main effects for sex and Hispanic/Latino heritage groups and an age × infarct interaction.




Relationships between heritage and brain volumes

The impact of heritage differed significantly by brain region after adjusting for age, sex, and CVD or infarcts (Supplementary Figures S2–S6). Individuals of Dominican and Puerto Rican heritage had larger WMH volumes compared to all other groups except the mixed/other heritage group (Supplementary Figure S2). Dominicans had larger cortical gray matter and frontal and occipital volumes compared to all other heritage groups (Supplementary Figures S3–S5). Puerto Ricans had larger cortical and frontal gray matter volumes than those of Central American, Cuban, Mexican, and South American heritage. They also had larger occipital gray matter volumes compared to Cubans and Mexicans. Dominicans had larger parietal volumes compared to all other groups except those of mixed/other heritage, whereas Puerto Ricans had larger volumes in this region compared to Cubans and Mexicans (Supplementary Figure S6).




Discussion

Our cross-sectional analysis of over 1,800 Hispanic/Latino individuals 50 years of age and older indicates that medium and high CVD risk, determined on average 10 years before MRI and occurring in nearly 40% of the cohort, was associated with smaller total brain and cortical gray matter volumes, larger lateral ventricles, and larger WMH volumes. High CVD risk was translated to approximately 7 years of total brain aging compared to low CVD risk. Additional findings include the following: (1) associations between CVD risk and total brain volumes were more prominent among men than women; (2) persons identified as Dominican or Puerto Rican tended to have significantly larger regional brain volumes for the degree of CVD risk; and (3) the associations of CVD risk and MRI infarction each showed regional specificity. Given that vascular risk can be medically managed (Lloyd-Jones et al., 2010, 2022) and improved management is associated with reduced heart disease and stroke (Lewis et al., 2021; Tsao et al., 2023) as well as reduced accumulation of WMH (The SPRINT MIND Investigators for the SPRINT Research Group, 2019) and incidence of cognitive impairment (Williamson et al., 2019),CVD risk, management, and prevention in the Hispanic/Latino population (Smith et al., 2003) could, in turn, prevent brain injury and have widespread benefit on brain aging, including future stroke and dementia, in this underserved population.


Impact of CVD risk on MRI measures

Consistent with existing literature (Jeerakathil et al., 2004; Seshadri et al., 2004; Brickman et al., 2008; Srinivasa et al., 2016), our results indicated that both medium and high CVD risk groups were associated with smaller total brain, gray matter, and frontal brain volumes as well as larger WMH volumes compared to the low CVD risk group. In the predominantly non-Hispanic/Latino white Framingham Offspring Study, higher CVD risk was associated with smaller total brain (Seshadri et al., 2004), larger WMH volumes, and lower cognitive performance (Elias et al., 2004; Jeerakathil et al., 2004; Au et al., 2006). Using an aggregate count of cardiovascular disease factors in a cohort of African American, Caribbean Hispanic/Latino, and non-Hispanic/Latino white adults, Brickman and colleagues detected similar relationships, which did not vary by race or ethnicity (Brickman et al., 2008). Previous literature has suggested that the frontal lobes are particularly sensitive to a wide range of CVD risk factors (Raz et al., 2003; Birdsill et al., 2013), further confirming the consistency of our findings. Existing literature has detected step-wise increases in risk for WMHs when comparing healthy, well-controlled, and uncontrolled CVD risk (de Leeuw et al., 2001). In contrast, only the high CVD risk group had smaller parietal volumes and larger lateral ventricular volumes compared to the low-risk group, suggesting that these brain regions may be more resilient to medium levels of CVD risk factors. In a mixed racial and ethnic sample, higher self-reported CVD risk was associated with smaller total brain and higher WMH volumes but was not linked to lateral ventricle volumes, supporting that the latter is more resilient to CVD risk factors and precise biometrics may be needed to detect CVD risk-based differences (Brickman et al., 2008).

CVD risk factors may exacerbate brain aging among Hispanic/Latino adults. Consistent with prior studies showing that midlife CVD risk factors impact brain structure and dementia risk in later life (Debette et al., 2010, 2011; Meng et al., 2014), medium and high CVD risks were associated with more pronounced age-related differences (lower volumes at older ages) in total brain volumes than the low CVD risk group. Notably, this potential increased negative impact of CVD risk factors at older ages was not found for regional brain or WMH volumes, suggesting that this is a cumulative effect. Several other factors may contribute to variance at the regional level (e.g., age of onset and duration of CVD risk factors), but testing such hypotheses is beyond the scope of this manuscript.

Similarly, sex also appeared to have a global impact on the relationships between CVD risk factors and brain volumes. Specifically, men appeared to have smaller brain volumes at medium and high levels of CVD risk factors compared to low CVD risk, whereas women demonstrated more stability in total brain volumes across CVD risk groups. It is possible that certain factors (e.g., estrogen exposure) may have more influence on brain volumes in women and may be contributing to this higher variability compared to men (Li et al., 2014). Overall, sex differences were subtle, and it is important to note that women had larger confidence intervals than men, particularly at high CVD risk. Surprisingly, sex did not modify susceptibility to WMHs in the presence of CVD risk, despite our previous work (Stickel et al., 2023) and others (Sachdev et al., 2009) showing that women may be particularly vulnerable to higher WMH volumes with advancing age. Additionally, recent study suggests that even before older adulthood, cardiovascular disease risk is associated with cognitive declines among women more so than men (Huo et al., 2022). Importantly, the FRS score captures sex (D’agostino et al., 2008), so our findings may be conservative relative to other studies that include CVD risk measures that do not already account for sex. This may also explain why sex differences in the relationships between FRS and WMH volumes were not detected in the Framingham Offspring Study (Jeerakathil et al., 2004).



Impact of MRI infarcts on MRI measures

The overall prevalence rate of infarcts in the present study (9%) is somewhat lower than in other studies (Fanning et al., 2014), although there was a significant age-specific increase in prevalence, reaching approximately 15% among the oldest members of the cohort. Consistent with previous studies, men had a higher age-adjusted prevalence (DeCarli et al., 2005). Differences between our study and other reports, therefore, may be explained by the methods and generally younger age of our cohort (mean age = 68 years). For example, although the average age in the Atherosclerosis Risk in Communities (ARIC) study was 62 years, the reported 15% prevalence of infarcts included infarcts less than 3 mm, whereas our study did not (Gottesman et al., 2015). In the Northern Manhattan Study, infarct prevalence was 24, 18, and 16% for African American, non-Hispanic/Latino white, and Caribbean Hispanic/Latino adults, respectively, using the same sizing criteria as the present study but with a nominally older sample (mean age = 71 years) (Prabhakaran et al., 2008). Notably, infarct prevalence was lower among younger participants (7% for Caribbean Hispanic/Latino individuals under 65 years) and those born outside of the United States (14%) (Prabhakaran et al., 2008). Consistent with the Framingham Heart Study (DeCarli et al., 2005), we found that the presence of infarct(s) was associated with smaller total brain, gray matter, frontal and parietal lobe volumes, and larger lateral ventricle and WMH volumes after accounting for relevant demographic variables, including age. The presence of MRI infarction was also associated with greater age-related differences in MRI volumes, particularly in the frontal cortex. In the Framingham Heart Study (DeCarli et al., 2005), the presence of infarct(s) was associated with more prominent age-related differences in total brain, temporal lobe, and lateral ventricle volumes. In the present study, we may detect an exacerbation of the normal aging process, as the frontal lobes are susceptible to age-related volume loss (Fjell et al., 2009; Pfefferbaum et al., 2013). Although we did not detect any modifications by sex alone, evidence of exacerbated aging in the frontal cortex appeared to be driven by the men in our sample. Similarly, in the Framingham Heart Study, only men (not women) had smaller total brain volumes in the presence of infarct(s) (DeCarli et al., 2005). Additionally, individuals identified as having infarct(s) were more likely to be men and older. Thus, we may have been underpowered to detect such modifications. As the cohort continues to age and infarct incidents occur, we may have more power to detect associations. Alternatively, the lack of sex modification may be a result of the complex factors that impact infarction by sex (Volgman et al., 2019), including but not limited to (1) greater longevity among women, which increases the risk of infarction, (2) mixed evidence of a protective effect of estrogen exposure to reduce risk of infarction (Alonso de Lecinana et al., 2007) and potentially improve recovery post-infarction (Roof and Hall, 2000) among women compared to men, and (3) more drastic fluctuations in estrogen among women than men surrounding menopause (Zarate et al., 2017).



Study limitations

These findings should be interpreted in the context of the limitations of this study. First, these data are cross-sectional and, therefore, represent differences between people of various ages. Future studies will examine longitudinal data to better characterize brain changes with age among Hispanic/Latino individuals. Second, we do not have information on the duration of CVD risk factors or age at infarct, which limits our inference related to age-specific effects on brain health (Pase et al., 2018). Third, the age range among low CVD risk men was relatively truncated. This likely reflects the small proportion of low CVD risk, older Hispanic/Latino men in the U.S. (Daviglus et al., 2016). Fourth, we did not have enough participants with more than one infarct to examine the relationships between infarct count and brain outcomes. Despite these limitations, our study has several strengths, including (1) a large sample size selected to be representative of the Hispanic/Latino population in four major metropolitan areas, (2) self-identification of heritage, (3) a validated measure of CVD risk factors, and (4) MRI-measurements of the infarct.




Conclusion

Using data from over 1,800 Hispanic/Latino adults enrolled in the SOL-INCA-MRI, we found smaller brain and larger lateral ventricle and WMH volumes associated with medium and high levels of CVD risk and the presence of infarct(s) on MRI. Some of these relationships varied by age, sex, and neuroanatomical location. That is, medium and high CVD risk factors were each associated with exacerbated age-related differences in total brain volumes, and men tended to have greater CVDRF-related differences in total brain volumes than women. Additionally, the presence of infarct(s) was associated with larger age-related differences in frontal cortical volumes, particularly among men. Given the high prevalence of moderate and high CVD risk and the previously described relationship between CVD risk factors and cognition (Gonzalez et al., 2019; Lamar et al., 2019; Tarraf et al., 2020) in this population, intervention strategies to reduce the impact of CVD risk on brain injury and cognition (The SPRINT MIND Investigators for the SPRINT Research Group, 2019; Williamson et al., 2019) may have considerable benefit for Hispanic/Latino adults living in the United States.



Data availability statement

The datasets presented in this article are not readily available because Data from the Hispanic Community Health Study/Study of Latinos (HCHS/SOL) and SOL-Investigation of Neurocognitive Aging (SOL-INCA) are available at https://biolincc.nhlbi.nih.gov/studies/hchssol/. Magnetic resonance imaging data is not currently available. Requests to access the datasets should be directed to https://biolincc.nhlbi.nih.gov/studies/hchssol/.



Ethics statement

The studies involving humans were approved by Institutional Review Boards at each of the participating sites in the Bronx (Albert Einstein), Chicago (University of Illinois), Miami (University of Miami), and San Diego (San Diego State University) approved this project. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

AS: Conceptualization, Writing – original draft, Writing – review & editing. WT: Conceptualization, Data curation, Formal analysis, Methodology, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. KG: Writing – review & editing. AP: Writing – review & editing. DZ: Writing – review & editing. JC: Writing – review & editing. CI: Writing – review & editing. RK: Writing – review & editing. RL: Validation, Writing – review & editing. MD: Writing – review & editing. FT: Writing – review & editing. ML: Writing – review & editing. LG: Writing – review & editing. GT: Writing – review & editing. MG: Writing – review & editing. AR: Writing – review & editing. VI: Data curation, Methodology, Writing – review & editing. SS: Data curation, Methodology, Writing – review & editing. HG: Conceptualization, Funding acquisition, Project administration, Resources, Supervision, Writing – review & editing. CD: Conceptualization, Data curation, Funding acquisition, Methodology, Project administration, Resources, Software, Supervision, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by R01AG048642, R56AG048642, RF1AG054548, R01AG075758, and RF1AG061022 (National Institute of Aging; NIA). Additional support includes K08AG075351 and L30AG074401 (NIA) and U54CA267789 (National Cancer Institute) to AS; R01AG067568 (NIA) to AR; R01AG062711 (NIA) to ML; P30AG062429 (NIA) to HG; and P30AG010129 and P30AG072972 (NIA) to CD. The Hispanic Community Health Study/Study of Latinos was carried out as a collaborative study supported by contracts from the National Heart, Lung, and Blood Institute (NHLBI) to the University of North Carolina (N01HC65233), University of Miami (N01HC65234), Albert Einstein College of Medicine (N01HC65235), Northwestern University (N01HC65236), and San Diego State University (N01HC65237). The following Institutes/Centers/Offices contribute to the HCHS/SOL through a transfer of funds to the NHLBI: National Institute on Minority Health and Health Disparities, National Institute on Deafness and Other Communication Disorders, National Institute of Dental and Craniofacial Research, National Institute of Diabetes and Digestive and Kidney Diseases, National Institute of Neurological Disorders and Stroke, and NIH Institution-Office of Dietary Supplements.



Acknowledgments

The authors thank our study staff and participants for their efforts to advance our scientific knowledge.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnagi.2024.1390200/full#supplementary-material



References

 Aggarwal, N. T., Wilson, R. S., Bienias, J. L., De Jager, P. L., Bennett, D. A., Evans, D. A., et al. (2010). The association of magnetic resonance imaging measures with cognitive function in a biracial population sample. Arch. Neurol. 67, 475–482. doi: 10.1001/archneurol.2010.42 

 Alonso de Lecinana, M., Egido, J. A., Fernandez, C., Martinez-Vila, E., Santos, S., Morales, A., et al. (2007). Risk of ischemic stroke and lifetime estrogen exposure. Neurology 68, 33–38. doi: 10.1212/01.wnl.0000250238.69938.f5 

 Au, R., Massaro, J. M., Wolf, P. A., Young, M. E., Beiser, A., Seshadri, S., et al. (2006). Association of white matter hyperintensity volume with decreased cognitive functioning: the Framingham heart study. Arch. Neurol. 63, 246–250. doi: 10.1001/archneur.63.2.246


 Birdsill, A. C., Carlsson, C. M., Willette, A. A., Okonkwo, O. C., Johnson, S. C., Xu, G., et al. (2013). Low cerebral blood flow is associated with lower memory function in metabolic syndrome. Obesity (Silver Spring) 21, 1313–1320. doi: 10.1002/oby.20170 

 Brickman, A. M., Schupf, N., Manly, J. J., Luchsinger, J. A., Andrews, H., Tang, M. X., et al. (2008). Brain morphology in older African Americans, Caribbean Hispanics, and whites from northern Manhattan. Arch. Neurol. 65, 1053–1061. doi: 10.1001/archneur.65.8.1053 

 D’agostino, R. B., Vasan, R. S., Pencina, M. J., Wolf, P. A., Cobain, M., Massaro, J. M., et al. (2008). General cardiovascular risk profile for use in primary care: the Framingham heart study. Circulation 117, 743–753. doi: 10.1161/CIRCULATIONAHA.107.699579


 Daviglus, M. L., Pirzada, A., Durazo-Arvizu, R., Chen, J., Allison, M., Aviles-Santa, L., et al. (2016). Prevalence of low cardiovascular risk profile among diverse Hispanic/Latino adults in the United States by age, sex, and level of acculturation: the Hispanic community health study/study of Latinos. J. Am. Heart Assoc. 5:5. doi: 10.1161/JAHA.116.003929 

 Daviglus, M. L., Pirzada, A., and Talavera, G. A. (2014). Cardiovascular disease risk factors in the Hispanic/Latino population: lessons from the Hispanic community health study/study of Latinos (HCHS/SOL). Prog. Cardiovasc. Dis. 57, 230–236. doi: 10.1016/j.pcad.2014.07.006


 Daviglus, M. L., Talavera, G. A., Aviles-Santa, M. L., Allison, M., Cai, J., Criqui, M. H., et al. (2012). Prevalence of major cardiovascular risk factors and cardiovascular diseases among Hispanic/Latino individuals of diverse backgrounds in the United States. JAMA 308, 1775–1784. doi: 10.1001/jama.2012.14517 

 de Leeuw, F. E., de Groot, J. C., Achten, E., Oudkerk, M., Ramos, L. M. P., Heijboer, R., et al. (2001). Prevalence of cerebral white matter lesions in elderly people: a population based magnetic resonance imaging study. The Rotterdam scan study. J. Neurol. Neurosurg. Psychiatry 70, 9–14. doi: 10.1136/jnnp.70.1.9 

 Debette, S., Beiser, A., DeCarli, C., Au, R., Himali, J. J., Kelly-Hayes, M., et al. (2010). Association of MRI markers of vascular brain injury with incident stroke, mild cognitive impairment, dementia, and mortality: the Framingham offspring study. Stroke 41, 600–606. doi: 10.1161/STROKEAHA.109.570044 

 Debette, S., Schilling, S., Duperron, M. G., Larsson, S. C., and Markus, H. S. (2019). Clinical significance of magnetic resonance imaging markers of vascular brain injury: a systematic review and meta-analysis. JAMA Neurol. 76, 81–94. doi: 10.1001/jamaneurol.2018.3122 

 Debette, S., Seshadri, S., Beiser, A., Au, R., Himali, J. J., Palumbo, C., et al. (2011). Midlife vascular risk factor exposure accelerates structural brain aging and cognitive decline. Neurology 77, 461–468. doi: 10.1212/WNL.0b013e318227b227 

 DeCarli, C., Massaro, J., Harvey, D., Hald, J., Tullberg, M., Au, R., et al. (2005). Measures of brain morphology and infarction in the Framingham heart study: establishing what is normal. Neurobiol. Aging 26, 491–510. doi: 10.1016/j.neurobiolaging.2004.05.004


 Elias, M. F., Sullivan, L. M., D'Agostino, R. B., Elias, P. K., Beiser, A., Au, R., et al. (2004). Framingham stroke risk profile and lowered cognitive performance. Stroke 35, 404–409. doi: 10.1161/01.STR.0000103141.82869.77 

 Fanning, J. P., Wong, A. A., and Fraser, J. F. (2014). The epidemiology of silent brain infarction: a systematic review of population-based cohorts. BMC Med. 12:119. doi: 10.1186/s12916-014-0119-0 

 Filshtein, T. J., Dugger, B. N., Jin, L. W., Olichney, J. M., Farias, S. T., Carvajal-Carmona, L., et al. (2019). Neuropathological diagnoses of demented Hispanic, Black, and non-Hispanic white decedents seen at an Alzheimer's disease center. J. Alzheimers Dis. 68, 145–158. doi: 10.3233/Jad-180992 

 Fjell, A. M., Walhovd, K. B., Fennema-Notestine, C., McEvoy, L. K., Hagler, D. J., Holland, D., et al. (2009). One-year brain atrophy evident in healthy aging. J. Neurosci. 29, 15223–15231. doi: 10.1523/JNEUROSCI.3252-09.2009 

 Gonzalez, H. M., Tarraf, W., Gonzalez, K. A., Fornage, M., Zeng, D., Gallo, L. C., et al. (2020). Diabetes, cognitive decline, and mild cognitive impairment among diverse Hispanics/Latinos: study of Latinos-investigation of neurocognitive aging results (HCHS/SOL). Diabetes Care 43, 1111–1117. doi: 10.2337/dc19-1676 

 Gonzalez, H. M., Tarraf, W., Schneiderman, N., Fornage, M., Vasquez, P. M., Zeng, D., et al. (2019). Prevalence and correlates of mild cognitive impairment among diverse Hispanics/Latinos: study of Latinos-investigation of neurocognitive aging results. Alzheimers Dement. 15, 1507–1515. doi: 10.1016/j.jalz.2019.08.202 

 Gorelick, P. B., Scuteri, A., Black, S. E., Decarli, C., Greenberg, S. M., Iadecola, C., et al. (2011). Vascular contributions to cognitive impairment and dementia: a statement for healthcare professionals from the American Heart Association/American Stroke Association. Stroke 42, 2672–2713. doi: 10.1161/STR.0b013e3182299496 

 Gottesman, R. F., Fornage, M., Knopman, D. S., and Mosley, T. H. (2015). Brain aging in African-Americans: the atherosclerosis risk in communities (ARIC) experience. Curr. Alzheimer Res. 12, 607–613. doi: 10.2174/1567205012666150701102445 

 Hartmann, A., Rundek, T., Mast, H., Paik, M. C., Boden-Albala, B., Mohr, J. P., et al. (2001). Mortality and causes of death after first ischemic stroke: the northern Manhattan stroke study. Neurology 57, 2000–2005. doi: 10.1212/WNL.57.11.2000


 Huo, N., Vemuri, P., Graff-Radford, J., Syrjanen, J., Machulda, M., Knopman, D. S., et al. (2022). Sex differences in the association between midlife cardiovascular conditions or risk factors with midlife cognitive decline. Neurology 98, e623–e632. doi: 10.1212/WNL.0000000000013174 

 Jeerakathil, T., Wolf, P. A., Beiser, A., Massaro, J., Seshadri, S., D'Agostino, R. B., et al. (2004). Stroke risk profile predicts white matter hyperintensity volume: the Framingham study. Stroke 35, 1857–1861. doi: 10.1161/01.STR.0000135226.53499.85 

 Lamar, M., Durazo-Arvizu, R. A., Sachdeva, S., Pirzada, A., Perreira, K. M., Rundek, T., et al. (2019). Cardiovascular disease risk factor burden and cognition: implications of ethnic diversity within the Hispanic community health study/study of Latinos. PLoS One 14:e0215378. doi: 10.1371/journal.pone.0215378 

 Lamar, M., Leurgans, S., Kapasi, A., Barnes, L. L., Boyle, P. A., Bennett, D. A., et al. (2022). Complex profiles of cerebrovascular disease pathologies in the aging brain and their relationship with cognitive decline. Stroke 53, 218–227. doi: 10.1161/STROKEAHA.121.034814 

 LaVange, L. M., Kalsbeek, W. D., Sorlie, P. D., Avilés-Santa, L. M., Kaplan, R. C., Barnhart, J., et al. (2010). Sample design and cohort selection in the Hispanic community health study/study of Latinos. Ann. Epidemiol. 20, 642–649. doi: 10.1016/j.annepidem.2010.05.006 

 Lewis, C. E., Fine, L. J., Beddhu, S., Cheung, A. K., Cushman, W. C., Cutler, J. A., et al. (2021). Final report of a trial of intensive versus standard blood-pressure control. N. Engl. J. Med. 384, 1921–1930. doi: 10.1056/NEJMoa1901281 

 Li, R., Cui, J., and Shen, Y. (2014). Brain sex matters: estrogen in cognition and Alzheimer's disease. Mol. Cell. Endocrinol. 389, 13–21. doi: 10.1016/j.mce.2013.12.018 

 Lloyd-Jones, D. M., Allen, N. B., Anderson, C. A. M., Black, T., Brewer, L. C., Foraker, R. E., et al. (2022). Life's essential 8: updating and enhancing the American Heart Association's construct of cardiovascular health: a presidential advisory from the American Heart Association. Circulation 146, e18–e43. doi: 10.1161/CIR.0000000000001078 

 Lloyd-Jones, D. M., Hong, Y., Labarthe, D., Mozaffarian, D., Appel, L. J., Van Horn, L., et al. (2010). Defining and setting national goals for cardiovascular health promotion and disease reduction: the American Heart Association's strategic impact goal through 2020 and beyond. Circulation 121, 586–613. doi: 10.1161/CIRCULATIONAHA.109.192703 

 Mahajan, S., Caraballo, C., Lu, Y., Valero-Elizondo, J., Massey, D., Annapureddy, A. R., et al. (2021). Trends in differences in health status and health care access and affordability by race and ethnicity in the United States, 1999-2018. JAMA 326, 637–648. doi: 10.1001/jama.2021.9907 

 McKhann, G. M., Knopman, D. S., Chertkow, H., Hyman, B. T., Jack, C. R., Kawas, C. H., et al. (2011). The diagnosis of dementia due to Alzheimer's disease: recommendations from the National Institute on Aging-Alzheimer's Association workgroups on diagnostic guidelines for Alzheimer's disease. Alzheimers Dement. 7, 263–269. doi: 10.1016/j.jalz.2011.03.005 

 Meng, X. F., Yu, J. T., Wang, H. F., Tan, M. S., Wang, C., Tan, C. C., et al. (2014). Midlife vascular risk factors and the risk of Alzheimer's disease: a systematic review and meta-analysis. J. Alzheimers Dis. 42, 1295–1310. doi: 10.3233/JAD-140954 

 Morgenstern, L. B., Spears, W. D., Goff, D. C. Jr., Grotta, J. C., and Nichaman, M. Z. (1997). African Americans and women have the highest stroke mortality in Texas. Stroke 28, 15–18. doi: 10.1161/01.str.28.1.15 

 Pase, M. P., Davis-Plourde, K., Himali, J. J., Satizabal, C. L., Aparicio, H., Seshadri, S., et al. (2018). Vascular risk at younger ages most strongly associates with current and future brain volume. Neurology 91, e1479–e1486. doi: 10.1212/WNL.0000000000006360 

 Pfefferbaum, A., Rohlfing, T., Rosenbloom, M. J., Chu, W., Colrain, I. M., and Sullivan, E. V. (2013). Variation in longitudinal trajectories of regional brain volumes of healthy men and women (ages 10 to 85 years) measured with atlas-based parcellation of MRI. NeuroImage 65, 176–193. doi: 10.1016/j.neuroimage.2012.10.008 

 Prabhakaran, S., Wright, C. B., Yoshita, M., Delapaz, R., Brown, T., DeCarli, C., et al. (2008). Prevalence and determinants of subclinical brain infarction: the northern Manhattan study. Neurology 70, 425–430. doi: 10.1212/01.wnl.0000277521.66947.e5


 Raz, N., Rodrigue, K. M., and Acker, J. D. (2003). Hypertension and the brain: vulnerability of the prefrontal regions and executive functions. Behav. Neurosci. 117, 1169–1180. doi: 10.1037/0735-7044.117.6.1169 

 Raz, N., Rodrigue, K. M., and Haacke, E. M. (2007). Brain aging and its modifiers: insights from in vivo neuromorphometry and susceptibility weighted imaging. Ann. N. Y. Acad. Sci. 1097, 84–93. doi: 10.1196/annals.1379.018 

 Rodriguez, C. J., Allison, M., Daviglus, M. L., Isasi, C. R., Keller, C., Leira, E. C., et al. (2014). Status of cardiovascular disease and stroke in Hispanics/Latinos in the United States: a science advisory from the American Heart Association. Circulation 130, 593–625. doi: 10.1161/cir.0000000000000071 

 Roof, R. L., and Hall, E. D. (2000). Gender differences in acute CNS trauma and stroke: neuroprotective effects of estrogen and progesterone. J. Neurotrauma 17, 367–388. doi: 10.1089/neu.2000.17.367 

 Sacco, R. L., Hauser, W. A., Mohr, J. P., and Foulkes, M. A. (1991). One-year outcome after cerebral infarction in whites, blacks, and Hispanics. Stroke 22, 305–311. doi: 10.1161/01.str.22.3.305 

 Sachdev, P. S., Parslow, R., Wen, W., Anstey, K. J., and Easteal, S. (2009). Sex differences in the causes and consequences of white matter hyperintensities. Neurobiol. Aging 30, 946–956. doi: 10.1016/j.neurobiolaging.2007.08.023 

 Salinero, A. E., Robison, L. S., Gannon, O. J., Riccio, D., Mansour, F., Abi-Ghanem, C., et al. (2020). Sex-specific effects of high-fat diet on cognitive impairment in a mouse model of VCID. FASEB J. 34, 15108–15122. doi: 10.1096/fj.202000085R 

 Seshadri, S., Wolf, P. A., Beiser, A., Elias, M. F., Au, R., Kase, C. S., et al. (2004). Stroke risk profile, brain volume, and cognitive function: the Framingham offspring study. Neurology 63, 1591–1599. doi: 10.1212/01.wnl.0000142968.22691.70


 Smith, M. A., Risser, J. M., Lisabeth, L. D., Moye, L. A., and Morgenstern, L. B. (2003). Access to care, acculturation, and risk factors for stroke in Mexican Americans: the brain attack surveillance in Corpus Christi (BASIC) project. Stroke 34, 2671–2675. doi: 10.1161/01.STR.0000096459.62826.1F 

 Sorlie, P. D., Avilés-Santa, L. M., Wassertheil-Smoller, S., Kaplan, R. C., Daviglus, M. L., Giachello, A. L., et al. (2010). Design and implementation of the Hispanic community health study/study of Latinos. Ann. Epidemiol. 20, 629–641. doi: 10.1016/j.annepidem.2010.03.015 

 Srinivasa, R. N., Rossetti, H. C., Gupta, M. K., Rosenberg, R. N., Weiner, M. F., Peshock, R. M., et al. (2016). Cardiovascular risk factors associated with smaller brain volumes in regions identified as early predictors of cognitive decline. Radiology 278, 198–204. doi: 10.1148/radiol.2015142488 

 Stickel, A. (2019) Relationships between cardiovascular risk factors, brain structure, and cognition in older Hispanics compared to non-Hispanic whites, The University of Arizona. Available at: https://repository.arizona.edu/handle/10150/634244.


 Stickel, A., McKinnon, A., Ruiz, J., Grilli, M. D., and Ryan, L., Alzheimer's Disease Neuroimaging Initiative (2019). The impact of cardiovascular risk factors on cognition in Hispanics and non-Hispanic whites. Learn. Mem. 26, 235–244. doi: 10.1101/lm.048470.118 

 Stickel, A. M., Tarraf, W., Gonzalez, K. A., Ivanovic, V., Morlett Paredes, A., Zeng, D., et al. (2023). Characterizing age- and sex-related differences in brain structure among middle-aged and older Hispanic/Latino adults in the study of Latinos-investigation of neurocognitive aging magnetic resonance imaging (SOL-INCA MRI). Neurobiol. Aging 126, 58–66. doi: 10.1016/j.neurobiolaging.2023.02.007 

 Tarraf, W., Kaplan, R., Daviglus, M., Gallo, L. C., Schneiderman, N., Penedo, F. J., et al. (2020). Cardiovascular risk and cognitive function in middle-aged and older Hispanics/Latinos: results from the Hispanic community health study/study of Latinos (HCHS/SOL). J. Alzheimers Dis. 73, 103–116. doi: 10.3233/JAD-190830 

 The SPRINT MIND Investigators for the SPRINT Research Group. (2019). Association of Intensive vs standard blood pressure control with cerebral white matter lesions. JAMA 322, 524–534. doi: 10.1001/jama.2019.10551 

 Tsao, C. W., Aday, A. W., Almarzooq, Z. I., Alonso, A., Beaton, A. Z., Bittencourt, M. S., et al. (2022). Heart disease and stroke Statistics-2022 update: a report from the American Heart Association. Circulation 145, e153–e639. doi: 10.1161/CIR.0000000000001052 

 Tsao, C. W., Aday, A. W., Almarzooq, Z. I., Anderson, C. A. M., Arora, P., Avery, C. L., et al. (2023). Heart disease and stroke Statistics-2023 update: a report from the American Heart Association. Circulation 147, e93–e621. doi: 10.1161/CIR.0000000000001123 

 Uchino, K., Risser, J. M., Smith, M. A., Moye, L. A., and Morgenstern, L. B. (2004). Ischemic stroke subtypes among Mexican Americans and non-Hispanic whites: the BASIC project. Neurology 63, 574–576. doi: 10.1212/01.wnl.0000133212.99040.07


 Verstynen, T. D., Weinstein, A., Erickson, K. I., Sheu, L. K., Marsland, A. L., and Gianaros, P. J. (2013). Competing physiological pathways link individual differences in weight and abdominal adiposity to white matter microstructure. NeuroImage 79, 129–137. doi: 10.1016/j.neuroimage.2013.04.075 

 Volgman, A. S., Bairey Merz, C. N., Aggarwal, N. T., Bittner, V., Bunch, T. J., Gorelick, P. B., et al. (2019). Sex differences in cardiovascular disease and cognitive impairment: another health disparity for women? J. Am. Heart Assoc. 8:e013154. doi: 10.1161/JAHA.119.013154 

 Williamson, J. D., Pajewski, N. M., Auchus, A. P., Bryan, R. N., Chelune, G., Cheung, A. K., et al. (2019). Effect of intensive vs standard blood pressure control on probable dementia: a randomized clinical trial. JAMA 321, 553–561. doi: 10.1001/jama.2018.21442 

 Zarate, S., Stevnsner, T., and Gredilla, R. (2017). Role of estrogen and other sex hormones in brain aging. Neuroprotection and DNA repair. Front. Aging Neurosci. 9:430. doi: 10.3389/fnagi.2017.00430 

 Zlokovic, B. V. (2005). Neurovascular mechanisms of Alzheimer's neurodegeneration. Trends Neurosci. 28, 202–208. doi: 10.1016/j.tins.2005.02.001



Copyright
 © 2024 Stickel, Tarraf, Gonzalez, Paredes, Zeng, Cai, Isasi, Kaplan, Lipton, Daviglus, Testai, Lamar, Gallo, Talavera, Gellman, Ramos, Ivanovic, Seiler, González and DeCarli. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnagi-16-1390200-t002.jpg
Total brain volume Hippocampus Log lateral ventricle Log WMH

b/ci95 b/ci95 b/ci95 b/ci95
Low ref. ref ref ref
Medium ~0.16% [~0.29,-0.02] 0.08 (0.10,0.26] 0.13(<0.03,0.29] 0.22%5% [0.09,0.35]
High ~0.22% [~0.39,-0.05] 0.06 (~0.180.30] 030" [0.110.49] 04152+ [0210.61]

Frontal cortical Occipital cortical  Temporal cortical  Parietal cortical
Combined gray

gray gray gray gray
b/ci95 b/ci95 b/ci95 b/ci95 b/ci95
Low ref ref ref ref. ref
Medium —0.13[~0.27:0.02] —0.18* [-0.31:-0.04] —0.01 [~0.18:0.16] ~0.01 [~0.180.15] ~0.10 [~0.27:0.06]
High —034%5% [-053-015]  —042** [061-023] ~0.19 (~0.450.06] 0,02 (<0.15:0.19) ~0.29* [~0.52:-0.05]

Models adjusted for age, sex, and Hispanic/Latino heritage group.
b, beta;ci, confidence interval; FRS, Framingham Risk Score; MRI, magnetic resonance imaging; td = standardized residualized for cranial size; WMH, white matter hyperintensity.
p <0.05; ##p <0.01; +p <0.001





OPS/images/fnagi-16-1390200-t003.jpg
Total brain volume Hippocampus Log lateral ventricle Log WMH

b/ci95 b/ci95 b/ci95 b/ci95
Infarcts
No ref ref ref ref
Yes —0.35%* [0.57:-0.12] 0.16(~0.090.41] 0.40** [0.140.66] 0.63% (041,085

" Frontal cortical Occipital cortical ~ Temporal cortical Parietal cortical
Combined gray

gray gray gray gray
b/ci95 b/ci95 b/ci95 b/ci95 b/ci95
Infarcts
No ref ref ref ref ref
Yes —0.31%* [~0.54;-0.08] —0.27 [-0.57:0.04] =0.15 [-0.32,0.03] ~0.27% [~0.48;-0.05]
Infarct(s) assessed on magnetic resonance imaging scan.
Models adjusted for age, sex, and Hispanic/Latino heritage group.

b, beta; ci, confidence interval; MRI, magnetic resonance imaging; $td, standardized residualized for cranial size; WMH, white matter hyperintensity.
p <0.05; *¥p <0.01; *+¥p <0.001.





OPS/images/fnagi-16-1390200-g003.jpg
Men & Women: Frontal Cortical Gray

4.79; p=0.0291

Infarcts*Age Interaction: F(1,532)

T T 1
@ - ] ° 0 & 0 o 0
ot ' A o

BWN|OA [elUBID 10} PaZI[eNpISaY ‘9100S-7

Age MRI

—— Yes Infarcts

No Infarcts





OPS/images/fnagi-16-1390200-t001.jpg
Female Male tal p-Value

Unweighted N 1,304 582 1,886

Weighted % 583 a7 100

Age

50-59 20.99(1.35) | 19.99(222) = 20.58(1.19) p=0741
60-69 36.09(1.81)  38.78(349)  37.21(1.72)

70+ 4292(228) | 41.22(460) | 42.21(227)

Framingham cardiovascular risk score

Low 55.15(236) | 1865(214) | 3992(193)  p<0001
Medium 2635(215) | 3835(330) | 3136(182)

High 1850 (233) | 43.00(410) | 28.72(242)

Infarct(s)

No 9293(107) | 8724(240)  9055(120)  p=0.012
Yes 707(107) | 1276(240) 945 (1.20)

Hispanic/Latino Heritage

Dominican 1059(122) | 520(121) = 834(097) p=0033
Central

American 938(125) | 7.35(152)  8.53(0.97)

Cuban 25.62(280)  3439(437) | 2928(272)

Mexican 25.27(216) | 26.97(3.11) | 25.98(201)

Puerto-Rican 17.82(172) | 1709 (253) | 17.52(1.50)
South American  8.40 (144) | 5.07(099) | 7.01(095)
Mixed/Other 292(070) | 393(147) | 3.34(0.74)
Age (years) 67726912 | 67404692 6759+824  p=0.687

Infarct(s) assessed on magnetic resonance imaging scan.
MRI, magnetic resonance imaging; SE, standard error.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Cardiovascular disease risk exacerbates brain aging among Hispanic/Latino adults in the SOL-INCA-MRI Study



		Introduction



		Methods



		Data



		MRI acquisition and analysis



		Outcomes



		Primary exposures



		Covariables



		Analytic sample



		Analytic strategy









		Results



		Descriptives



		Framingham cardiovascular risk score



		MRI infarcts



		Relationships between heritage and brain volumes









		Discussion



		Impact of CVD risk on MRI measures



		Impact of MRI infarcts on MRI measures



		Study limitations









		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fnagi-16-1390200-g001.jpg
Men & Women: Total Brain Volume

Age MRI

r
0 - r o rs

T
» - 0 o 0
' A o

BWN|OA [eIUBID 0} POZI[ENPISAY ‘9100G-Z

— Medium - High

— Low





OPS/images/fnagi-16-1390200-g002.jpg
Men & Women: Total Brain Volume
(No Interaction)

T T T T
- 0 o

r
0 - 0 o r

SWN|OA [BIUBID IO} POZI[ENpISaY ‘9100G-7

Age MRI

—— Yes Infarcts

No Infarcts





OPS/images/cover.jpg
’ frontiers | Frontiers in Aging Neuroscience

Cardiovascular disease risk
exacerbates brain aging among
Hispanic/Latino adults in the
SOL-INCA-MRI Study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Aging Neuroscience






