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Abstract

Background—Structural magnetic resonance imaging (MRI) provides key biomarkers to predict 

onset and track progression of Alzheimer’s disease (AD). However, most published reports of 

relationships between MRI variables and cognition in older adults include racially, ethnically, and 

socioeconomically homogenous samples. Racial/ethnic differences in MRI variables and cognitive 

performance, as well as health, socioeconomic status and psychological factors, raise the 

possibility that brain-behavior relationships may be stronger or weaker in different groups. The 

current study tested whether MRI predictors of cognition differ in African Americans and 

Hispanics, compared with non-Hispanic Whites.

Methods—Participants were 638 non-demented older adults (29% non-Hispanic White, 36% 

African American, 35% Hispanic) in the Washington Heights-Inwood Columbia Aging Project. 

Composite scores of memory, language, speed/executive functioning, and visuospatial function 

were derived from a neuropsychological battery. Hippocampal volume, regional cortical thickness, 

infarcts, and white matter hyperintensity (WMH) volumes were quantified with FreeSurfer and in-

house developed procedures. Multiple-group regression analysis, in which each cognitive 

composite score was regressed onto MRI variables, demographics, and cardiovascular health, 

tested which paths differed across groups.

Results—Larger WMH volume was associated with worse language and speed/executive 

functioning among African Americans, but not among non-Hispanic Whites. Larger hippocampal 

volume was more strongly associated with better memory among non-Hispanic Whites compared 

with Hispanics. Cortical thickness and infarcts were similarly associated with cognition across 

groups.

Conclusion—The main finding of this study was that certain MRI predictors of cognition 

differed across racial/ethnic groups. These results highlight the critical need for more diverse 
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samples in the study of cognitive aging, as the type and relation of neurobiological substrates of 

cognitive functioning may be different for different groups.

Introduction

Quantitative measurement of brain structure, frequently undertaken with magnetic resonance 

imaging (MRI), provides a key set of biomarkers to predict onset and track progression of 

Alzheimer’s disease (AD).[1] However, much of what is known about the relationship 

between structural MRI variables and cognitive performance comes from studies of racially, 

ethnically, and socioeconomically homogenous samples of older adults. For example, the 

2012 demographic report from the landmark Alzheimer’s Disease Neuroimaging Initiative 

(ADNI) describes the sample as comprising less than 5% African American participants, 

less than 3% Hispanic participants, and less than 20% participants who did not complete at 

least one year of college.[2] This publically-available dataset has contributed hundreds of 

publications to the knowledge base of neuroimaging markers in AD, yet it does not represent 

the demographic, cultural, or experiential diversity of the aging U.S. population. U.S. 

Census data from 2012–2013 indicate that the current population of Americans aged 65 and 

over comprises 9% Blacks, 7% Hispanics, and 52% of elders with less than one year of 

college.[3–5] Importantly, the projected population of Americans aged 65 and over in 2050 

will comprise 12% Blacks and 20% Hispanics.[6]

It is important to study structural MRI predictors of cognitive functioning in more diverse 

populations not only to ensure generalizability of findings, but also to investigate potential 

differences in the causes and correlates of cognitive impairment across racial/ethnic groups. 

Such investigations may improve our understanding of racial/ethnic disparities in dementia 

incidence.[7–8] An early study from our northern Manhattan cohort found that the incidence 

of AD among adults aged 65 and older followed over seven years was 5.4% in non-Hispanic 

Whites, 10.5% in African Americans, and 9.8% in Hispanics.[7] Interestingly, risk factors 

for AD appear to differ across racial/ethnic groups. For example, studies of multiple cohorts 

suggest that the presence of an APOE-ε4 allele is a stronger determinant of AD risk among 

non-Hispanic Whites, compared with both African Americans and Hispanics.[9–11] Such 

findings, combined with evidence of differences in brain structural integrity, cognitive 

performance, health, educational quality, socioeconomic status and psychological factors, 

raise the possibility that the underlying neurobiological pathways to AD differ across racial/

ethnic groups.

The goal of this study was to determine whether structural MRI predictors of performance in 

multiple cognitive domains differ across African American, Hispanic, and non-Hispanic 

White older adults who participated in a large epidemiological study in northern Manhattan. 

The four MRI variables were chosen because each has been shown to relate to cognitive 

performance in older adults: white matter hyperintensity (WMH) volume,[12] infarcts,[13–

14] hippocampal volume,[12,15] and cortical thickness in “AD signature” regions.[16] 

Multiple cognitive domains are examined based on evidence that the neurobiological 

substrates of cognitive performance differ across cognitive domains.[17–18]
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Material and Methods

Participants

The 638 older adults in this sample participated in the Washington Heights-Inwood 

Columbia Aging Project (WHICAP), a prospective, community-based longitudinal study of 

aging and dementia in northern Manhattan. Full descriptions of study procedures and the 

larger WHICAP sample have been published previously.[9,19] In brief, participants were 

identified from among Medicare-eligible residents of the geographic region of northern 

Manhattan in two initial recruitment waves (1992 and 1999) and followed at approximate 

24-month intervals.

Beginning in 2005, 769 active WHICAP participants who were classified as non-demented 

at their previous study visit received structural MRI. On average, these participants were one 

year younger than those who refused MRI but were similar in terms of other characteristics.

[20] The subset of 638 participants included in the present study met the following inclusion 

criteria: (1) underwent at least partial neuropsychological evaluation at the time of their 

MRI, (2) did not meet criteria for dementia based on this neuropsychological evaluation, (3) 

self-reported their race/ethnicity as White (non-Hispanic), African American (non-Hispanic) 

or Hispanic (any race), (4) had complete data on all covariates (i.e., age, sex, education, 

cardiovascular health), (5) had complete data on quantitative MRI variables of interest (i.e., 

WMH volume, presence of at least one infarct, intracranial volume-corrected hippocampal 

volume, and cortical thickness). Participants were not excluded for the presence of mild 

cognitive impairment. Characteristics of the sample at the time of the MRI scan are provided 

in Table 1.

Magnetic resonance imaging

Magnetic resonance images were obtained on a 1.5T Philips Intera scanner at Columbia 

University Medical Center between 2005 and 2007. T1-weighted (repetition time = 20 ms, 

echo time = 2.1 ms, field of view 240 cm, 256 × 160 matrix, 1.3 mm slice thickness) and T2-

weighted fluid attenuated inversion recovery (FLAIR; repetition time = 11,000 ms, echo 

time = 144.0 ms, inversion time = 2800, field of view 25 cm, 2 nex, 256 × 192 matrix with 3 

mm slice thickness) images were acquired in the axial orientation.

White Matter Hyperintensities—Using previously-described procedures,[21–23] whole-

brain WMH volumes were quantified from T2-weighted fluid attenuated inversion recovery 

(FLAIR) images. In brief, images were skull stripped, and a Gaussian curve was fit to map 

voxel intensity values. Voxels at least 2.0 standard deviations above the image mean were 

labeled as WMH. Labeled images were also visually inspected and corrected if errors were 

detected.

Infarcts—Infarcts were identified radiologically, as previously described.[24] In brief, all 

available images (e.g., T1-weighted, FLAIR, proton density, T2-weighted double-echo) were 

inspected for infarcts, defined as lesions 3 mm or larger. Infarcts were quantified by two 

raters, whose published κ values range from 0.73 to 0.90.[25]

Zahodne et al. Page 3

Curr Alzheimer Res. Author manuscript; available in PMC 2016 May 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Hippocampal Volume—Uncorrected hippocampal volume and total intracranial volume 

(ICV) were quantified with FreeSurfer version 5.1 (http://surfer.nmr.mgh.harvard.edu/) using 

T1-weighted images. Hippocampal volumes were corrected for intracranial volume before 

inclusion in all descriptive and inferential statistics. Corrected hippocampal volumes were 

computed as (FreeSurfer-derived hippocampal volume / FreeSurfer-derived ICV) × 1,000.

Cortical Thickness Composite—Regional cortical thickness was quantified with 

FreeSurfer version 5.1 (http://surfer.nmr.mgh.harvard.edu/) using T1-weighted images. A 

single “AD signature” measure was derived for each participant by averaging cortical 

thickness values across hemisphere in nine regions that have previously been shown to best 

reflect AD neurodegeneration.[16] These regions, named by Dickerson and colleagues and 

represented by FreeSurfer (in parentheses), included: rostral medial temporal lobe 

(entorhinal cortex and parahippocampus), angular gyrus (inferior parietal lobe), inferior 

frontal lobe (pars opercularis, pars orbitalis, and pars triangularis), inferior temporal lobe 

(inferior temporal lobe), temporal pole (temporal pole), precuneus (precuneus), 

supramarginal gyrus (supramarginal gyrus), superior parietal lobe (superior parietal lobe), 

and superior frontal lobe (superior frontal lobe).

Neuropsychological evaluation and dementia diagnosis

Participants in WHICAP are interviewed and tested in their preferred language (English or 

Spanish). Factor analysis has shown that the WHICAP neuropsychological battery measures 

four distinct cognitive domains (i.e., memory, language, speed/executive functioning, and 

visuospatial functioning) that are invariant across English and Spanish speakers.[26] 

Memory measures include total immediate recall, delayed recall, and delayed recognition 

scores from the Selective Reminding Test.[27] Language measures include naming, letter 

and category fluency, verbal abstraction, repetition, and comprehension. Speed/executive 

functioning measures include both trials of the Color Trails Test. Visuospatial tests include 

recognition and matching trials from the Benton Visual Retention Test,[28] visual 

abstraction, and the Rosen drawing test.[29] To compute composites, raw scores were 

converted to z-scores using means and standard deviations from the first study visit (either 

1992 or 1999) in the larger WHICAP sample, then z-scores were averaged within domains. 

Scores are not corrected for demographic data.

After each visit, dementia diagnoses are made by consensus of neurologists and 

neuropsychologists based on Diagnostic and Statistical Manual of Mental Disorders, 
Revised Third Edition criteria[30] using all available neuropsychological and interview data. 

Structural MRI data are not used for consensus diagnoses.

Statistical Analyses

Descriptive statistics and group comparisons (e.g., chi square tests, analyses of variance, and 

independent samples t-tests) were obtained using SPSS 22 (IBM Corp., Armonk, NY). 

Regression analyses were conducted in Mplus 7 (Muthén & Muthén, Los Angeles, CA). 

Separate models were run for each of the four cognitive variables: memory, language, speed/

executive functioning, and visuospatial. In initial models, a cognitive composite was 

regressed onto the four MRI variables (i.e., WMH volume, infarcts, hippocampal volume, 
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cortical thickness) and demographic covariates (i.e., age, sex, education) simultaneously in 

the whole group. Follow-up models added dichotomous variables reflecting African 

American race and Hispanic ethnicity to these models to determine whether race/ethnicity 

was related to cognitive performance independent of structural MRI and demographic 

characteristics. Finally, the role of cardiovascular health, a presumed early component of the 

causal pathway leading to cerebrovascular disease, was examined. Specifically, a covariate 

reflecting the sum of self-reported cardiovascular conditions, including diabetes, 

hypertension and heart disease, was added to the models. This variable ranged from 0 to 3, 

with higher values indicating worse cardiovascular health, and was normally distributed. 

Collinearity diagnostics were examined to ensure the absence of potential multicollinearity 

issues in all regression models. All variance inflation factor (VIF) values were below 1.3.

Multiple-group regression analysis was used to compare the strengths of regression paths 

across racial/ethnic groups. Even when constructs are not estimated as latent factors (i.e., 

indicated by multiple, observed variables), the latent variable approach to interactions can 

provide more defensible interpretations of interaction effects.[31] Using this approach, 

regression models were estimated simultaneously in two groups (i.e., non-Hispanic White 

and African American or non-Hispanic White and Hispanic). In initial models, regression 

paths were forced to equivalence across groups. That is, the magnitude and direction of 

associations between the predictors and the cognitive outcomes were assumed to be the 

same across race/ethnicity. Subsequent models systematically freed one regression path at a 

time. That is, the association between a MRI variable and the cognitive outcome was 

allowed to differ across race/ethnicity. A significant change in the model χ2 was interpreted 

as evidence for a racial or ethnic difference in the strength of a regression path. These 

models were then repeated, adding the cardiovascular health covariate described above.

Results

Racial and Ethnic Group Differences in Study Variables

As shown in Table 1, racial/ethnic groups differed in educational attainment, proportion of 

women, cardiovascular health, WMH volume, hippocampal volume, cortical thickness and 

all four cognitive composites, but not in age or in the number of individuals with at least one 

radiologically imaged infarct. Figure 1 displays demographic-adjusted cognitive scores for 

the three groups, indicating that group differences described in Table 1 are appreciable even 

after adjustment for age, sex, and education.

Predictors of Cognition in the Whole Sample

Results from four separate regression models examining predictors of performance on the 

four cognitive composites are summarized in Table 2. Larger WMH volume and smaller 

values on the cortical thickness composite were each independently associated with poorer 

performance in all four cognitive domains. Having at least one infarct was independently 

associated with lower memory, language, and visuospatial scores. Finally, smaller 

hippocampal volume was independently associated with lower scores on memory and speed/

executive functioning. With regard to standardized estimates, hippocampal volume was the 

strongest MRI predictor of memory (β=0.14), infarct was the strongest MRI predictor of 
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language (β=−0.12) and visuospatial performance (β=−0.13), and WMH volume was the 

strongest MRI predictor of speed/executive functioning (β=−0.11). Younger age and greater 

educational attainment were each independently associated with higher cognitive test scores 

in all four domains, while female sex was only associated with higher memory scores.

Next, dichotomous variables representing African American race and Hispanic ethnicity 

were added to the models described above. Independent of the MRI predictors and 

demographic covariates, African American race was associated with lower scores on 

memory, language and visuospatial composites (all p’s<.001), while Hispanic ethnicity was 

associated with lower composite scores on speed/executive functioning and visuospatial skill 

(all p’s<.001). Results were unchanged following addition of the cardiovascular health 

covariate to all models.

Racial and Ethnic Group Differences in MRI Predictors of Cognitive Domains

Larger WMH volume was associated with worse performance on language (B=−0.01; 

SE=0.00; β= −0.16; p=.003) and speed/executive functioning composites (B=−0.02; 

SE=0.01; β= −0.17; p=.006) among African Americans, but not non-Hispanic Whites 

(language: B=0.02; SE=0.01; β=0.09; p=.135; speed/executive functioning: B=0.02; 

SE=0.02; β=0.06; p=.364). This difference was evidenced by significantly improved model 

fit when regression paths between WMH volume and language, and between WMH volume 

and speed/executive functioning, were allowed to differ across non-Hispanic Whites and 

African Americans (see Table 3). This pattern of results was not substantially changed upon 

addition of the cardiovascular health covariate. While the difference in the magnitude of the 

association between WMH volume and speed/executive functioning was at trend (Δχ2(1)= 

−3.63; p=.06), WMH volume remained significantly associated with speed/executive 

functioning among African Americans (B=−0.02; SE=0.01; β= −0.17; p=.006), but not non-

Hispanic Whites (B=0.01; SE=0.02; β=0.06; p=.42), independent of cardiovascular health. 

Figure 2 displays simple associations between WMH volume and demographic-adjusted 

cognitive scores for language and speed/executive functioning domains, stratified by racial 

group (i.e., non-Hispanic White, African American). No racial group differences in the 

regression paths between any of the MRI predictors and cognition were identified for 

memory or visuospatial composites.

Larger hippocampal volume was associated with higher memory scores among non-

Hispanic Whites (B=0.55; SE=0.14; β=0.28; p<.001), but not Hispanics (B=−0.20; SE=0.11; 

β=−0.12; p=.061). This difference was evidenced by significantly improved model fit when 

the regression path between hippocampal volume and memory was allowed to differ across 

non-Hispanic Whites and Hispanics (see Table 3). This pattern of results was not 

substantially changed upon addition of the cardiovascular health covariate. Figure 2 displays 

simple associations between hippocampal volume and demographic-adjusted memory, 

stratified by ethnic group (i.e., non-Hispanic White, Hispanic). No racial/ethnic group 

differences in the regression paths between any of the MRI predictors and cognition were 

identified for language, speed/executive functioning, or visuospatial composites.
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Discussion

The main finding of this study was that MRI predictors of cognition differed across racial/

ethnic groups. Specifically, WMH volume was a stronger predictor of language and speed/

executive functioning among African Americans, and hippocampal volume was a weaker 

predictor of memory among Hispanics, compared with non-Hispanic Whites. These results 

were identified in the context of numerous differences in level of cognitive, imaging, 

demographic, and cardiovascular health variables across racial/ethnic groups. Specifically, 

African Americans and Hispanics attained less education, comprised a larger proportion of 

women, reported worse cardiovascular health, and had greater WMH burden than non-

Hispanic Whites. Additionally, African Americans showed greater atrophy in the set of 

cortical regions shown to be most sensitive to AD neurodegeneration, compared with non-

Hispanic Whites. Non-Hispanic Whites obtained higher scores across cognitive domains of 

memory, language, speed/executive functioning and visuospatial functioning than African 

Americans and Hispanics.

Results from the whole-group regression analysis are consistent with the extant literature on 

MRI predictors of older adults’ abilities in different cognitive domains. Specifically, 

hippocampal volume was the strongest MRI predictor of memory, WMH volume was the 

strongest MRI predictor of speed/executive functioning, and infarct was the strongest MRI 

predictor of language and visuospatial performance. Previous animal and human studies 

have shown the hippocampus to be a critical structure for memory performance.[32,15] 

Similarly, volumetric and diffusion tensor imaging studies have repeatedly shown that white 

matter integrity is crucial in the execution of a variety of speed/executive functioning tasks.

[33–35,12] Finally, language and visuospatial deficits are common cognitive symptoms 

following late-life stroke.[36] Non-significant relationships between certain MRI variables 

and cognitive domains likely reflect specificity in the neurobiological substrates of 

cognition.

Results from the multiple group analyses showed relationships between MRI variables and 

cognition that varied in strength across racial/ethnic groups. First, while hippocampal 

volume predicted cognitive test scores similarly among African Americans and Whites, 

smaller hippocampal volume was significantly associated with worse memory test scores 

among non-Hispanic Whites, but this relationship was at trend among Hispanics. A previous 

study of MRI predictors of clinical diagnosis (i.e., normal cognition, mild cognitive 

impairment or dementia) reported a similar interaction between Hispanic ethnicity and 

hippocampal volume such that reduced hippocampal volume was associated with mild 

cognitive impairment among non-Hispanic Whites, but not among Hispanics.[37] It is 

possible that other, unmeasured neurobiological and/or psychosocial factors influence 

memory test performance in Hispanic older adults more than hippocampal atrophy. For 

example, nearly all of the Hispanics in this study experienced a unique developmental 

environment outside of the U.S. that could have led to structural or functional differences in 

memory networks. Unique psychosocial factors such as immigration experiences and test 

anxiety may also play a bigger role in memory performance for Hispanics than non-Hispanic 

Whites in this study.
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Second, larger WMH volume was associated with lower performance on tasks of language 

and speed/executive scores among African Americans, but not among non-Hispanic Whites. 

A previous study of cognitive functioning among African Americans and non-Hispanic 

Whites in the Chicago Health and Aging Project did not find significant interactions 

between race and WMH volume.[38] However, there were no racial differences in WMH 

volume in that study, which contrasts the findings of this and many other studies of older 

adults.[39–41] In addition, cognitive measures in that study did not include tests of executive 

functioning as they did in the current study, which included verbal abstraction and task-

switching. A previous study of cognitive functioning among African Americans and non-

Hispanic Whites in the Atherosclerosis Risk in Communities study did not find significant 

interactions between race and WMH volume.[42] However, this study included younger 

participants (age 55 and up), did not include tests of executive functioning, and quantified 

WMH as a 10-category, rater-defined variable as opposed to whole-brain WMH volume.

If replicated, these findings of group-specific associations between WMH and cognition may 

reflect threshold or synergistic effects. That is, a relatively high level of WMH may need to 

be present in the brain in order to affect cognition, and since African Americans have higher 

levels of WMH, the relationship between white matter disease burden and cognitive function 

is more readily seen among this racial group. It is also possible that WMH have a greater 

impact on cognitive functioning in the presence of certain psychological or environmental 

variables (e.g., educational quality) or other types of neuropathology (e.g., AD pathology). 

Indeed, African Americans were found to have more hippocampal atrophy and cortical 

thinning in “AD signature” regions, compared with non-Hispanic Whites in this study.

Limitations of this study include its cross-sectional design, which prohibits causal 

interpretations, and its dichotomous measure of infarcts, which may have limited power to 

detect associations between infarcts and cognitive test performance. Strengths of this study 

include its large, well-characterized cohort of roughly equal numbers of three racial/ethnic 

groups, the comprehensive neuropsychological battery used to derive cognitive composite 

scores, consideration of cardiovascular health, and inclusion of multiple MRI measures 

simultaneously to characterize unique brain-behavior relationships. The unique community-

based recruitment strategy in WHICAP minimizes many of the confounds present in other 

studies, even when they include sufficient numbers of ethnic minorities. Specifically, a 

neighborhood-based recruitment strategy was used to recruit members of all racial/ethnic 

groups in WHICAP, taking advantage of the positive and consistent interaction of Columbia 

University Medical Center with residents of Northern Manhattan. Other studies often 

employ different recruitment strategies in order to increase participation of ethnic minorities. 

In addition, all WHICAP participants are residents of a geographic region of approximately 

10 square miles. In multi-site studies, racial/ethnic group differences are often confounded 

by geographic differences. However, it should be noted that due to longstanding differences 

in the socioeconomic and sociocultural experience of racial/ethnic minorities and immigrant 

groups, it is unlikely that diverse cohorts will ever be perfectly matched on all experiential 

variables.
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Conclusion

In this study, MRI predictors of memory, language, and speed/executive functioning appear 

to differ across non-demented African American, Hispanic, and non-Hispanic White older 

adults. These results highlight the need for more diverse samples in the study of cognitive 

aging and AD, as the type and relation of the neurobiological substrates of cognitive 

impairment may be different for individuals of different backgrounds.
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Figure 1. 
Cognitive scores, adjusted for age, sex and education are shown separately for the three 

racial/ethnic groups. Scores correspond to residualized z-score composites. Error bars 

correspond to 95% confidence intervals.
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Figure 2. 
Simple associations between WMH volumes and demographic-adjusted cognitive scores 

stratified by racial group for (A) language and (B) speed/executive. Cognitive scores 

correspond to residualized z-score composites.
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Figure 3. 
Simple associations between hippocampal volumes and demographic-adjusted memory 

scores stratified by ethnic group. Memory scores correspond to residualized z-score 

composites.
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Table 2

Predictors of cognition in the whole sample (standardized)

Model 1:
Memory

Model 2:
Language

Model 3: Speed/
Executive functioning

Model 4:
Visuospatial

Age −0.18 (0.04)** −0.15 (0.03)** −0.16 (0.04)** −0.14 (0.03)**

Education 0.26 (0.04)** 0.61 (0.03)** 0.43 (0.03)** 0.57 (0.03)**

Female 0.12 (0.04)* 0.01 (0.03) −0.01 (0.04) −0.04 (0.03)

WMH volume −0.09 (0.04)* −0.07 (0.03)* −0.11 (0.04)* −0.08 (0.03)*

Infarct −0.08 (0.04)* −0.12 (0.03)** −0.06 (0.04) −0.13 (0.03)**

Hippocampal volume 0.14 (0.04)* −0.02 (0.03) 0.08 (0.04)* −0.01 (0.04)

Cortical thickness 0.09 (0.04)* 0.12 (0.03)** 0.08 (0.04)* 0.09 (0.03)*

**
p<.001

*
p<.05
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Table 3

Changes in chi square with freeing of individual regression paths in multiple-group models

Memory Language Speed/Executive
functioning

Visuospatial

African American versus non-Hispanic White

WMH volume −0.03 −5.73* −4.09* −1.35

Infarct −0.14 −0.65 −0.07 −0.02

Hippocampal volume −1.0 −0.01 −0.00 −0.34

Cortical thickness −1.5 −2.05 −1.21 −0.67

Hispanic versus non-Hispanic White

WMH volume −0.47 −0.94 −3.76 −2.42

Infarct −0.03 −0.87 −1.11 −0.01

Hippocampal volume −4.41* −1.33 −2.81 −0.25

Cortical thickness −0.06 −0.52 −0.17 −0.04

*
p<.05
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