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Abstract

Background: The current project sought to evaluate the impact that white matter

hyperintensities (WMH) have on executive function in cognitively normal Mexican

Americans, an underserved population with onset and more rapid progression of

dementia.

Methods: Data from 515 participants (360 female) enrolled in the Health and Aging

Brain Study: Health Disparities project were analyzed. Participants underwent clinical

evaluation, cognitive testing, and a brain MRI. Linear regression was used to predict

the effect of totalWMH volume on cognitive test scores. Age, sex, and education were

entered as covariates.

Results: Regression analysis showed thatWMH volume significantly predicted execu-

tive function.WMH also predicted global cognition and attention scores, although not

significantly after adjusting for age.

Conclusion: In this sample of cognitively normal Mexican Americans, we found that

WMH volume was associated with lower scores in a measure of executive function,

after accounting for age, sex, and education.
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1 INTRODUCTION

Cardiovascular disease (CVD) and cardiovascular risk factors (CVRFs),

such as hypertension, dyslipidemia, obesity, and smoking, play a rele-

vant role in the etiology of Alzheimer’s disease (AD).1 With the excep-

tion of dyslipidemia, these risk factors have been shown to promote
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brain small vessel disease (SVD) which has been linked to both vascu-

lar dementia and AD.2,3

Imaging techniques such asmagnetic resonance imaging (MRI) have

become widely available and are increasingly used in clinical settings.

White matter hyperintensities (WMH), lacunae, and microbleeds are

common features of brain SVD assessed byMRI.4 WMHare a common
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incidental finding. In a comprehensive systematic review and meta-

analysis, Debette et al. reported that 20% of adults around 60 years

of age showed WMH, and the prevalence goes up to 94% by age 80.5

The presence of WMH has been associated with an increased risk of

stroke, dementia, and death. Althoughmany individualswithWMHare

asymptomatic, a link between WMH and a decline in global cognition,

executive function, and processing speed has been suggested.5 Many

studies have found an association between baselineWMHvolume and

longitudinal changes in executive function.6,7 Specifically, research that

used voxel-based lesion-symptommapping showed a particular associ-

ation among the damage at subcortical-frontal connections and execu-

tive function.8

Studies have shown that the relationship between WMH and cog-

nitive impairment differs across race and ethnicity groups.When com-

paredwith non-HispanicWhites, African Americans andHispanics had

larger WMH volumes and worse performance on cognitive tests.9,10

Hispanics are the largestminority in theUnitedStates, andHispanics of

Mexican origin account for almost 65%of this population.11 In a review

of CVD in Latinos in the United States, Balfour et al.12 reported that

Mexican Americans (MAs) have a worse vascular risk profile relative

to non-Hispanic Whites: Specifically, they have a higher prevalence of

obesity, higher levels of total and low-density lipoprotein cholesterol

levels, lower high-density lipoprotein cholesterol levels, and higher

prevalence of diabetes. MAs also have an earlier onset and faster pro-

gression of dementia.13,14 Thus, continued research onMRImarkers of

SVD and its association with cognition in this segment of the popula-

tion is warranted.

We hypothesized that in a sample of community-dwelling cogni-

tively normal MAs, higher volumes of WMH will have an impact on

cognition, specifically on executive function. To test our hypothesis,

we examined the effect of total WMH load, assessed by quantitative

MRI analysis, onmultiple cognitive domains.Wealso assessedwhether

otherMRImarkers of SVD, such as lacunae andmicrobleeds, modulate

this effect. This study provides an opportunity to add to the limited lit-

erature available regarding the relationship of WMH and cognition in

MAs,15,16 and to better understand howWMH affect different cogni-

tive domains in this population.

2 METHODS

2.1 Study design and setting

We conducted a cross-sectional analysis of data from an ongoing lon-

gitudinal study at the University of North Texas Health Science Cen-

ter. The Health and Aging Brain Study: Health Disparities (HABS-HD)

has been recruiting participants since 2017 under the North Texas

Regional IRB approval. Each participant, and/or legal representative

for cognitively impaired persons, signs awritten informed consent. The

HABS-HD study uses a community participatory research approach

and recruitment methodology. Recruitment consists of community

recruiters, community presentations, flyers/brochures, door-to-door

recruitment, newspaper advertisement, and snowball recruitment. To

RESEARCH INCONTEXT

1. Systematic review: To evaluate the current state of

research examining the association of white matter

hyperintensities (WMH) and cognition, we conducted a

literature review.We also reviewed prior work looking at

the effects of WMH on cognition in Mexican Americans

(MAs), although studies in this population are lacking.

2. Interpretation: WMH were found to be associated with

lower scores in measures of global cognition, attention,

and executive function in anMA sample. After accounting

for age, sex, and education, only the effects on executive

function remained significant.

3. Future directions: This work seeks to add to the limited

literature regarding WMH and cognition in MAs, and to

better understand how WMH affect cognitive domains

in this underserved population. Results from this type of

study could drive future prevention interventions with

public health impact potential.

HIGHLIGHTS

∙ Mexican Americans have a worse cardiovascular risk pro-

file that non-HispanicWhites.

∙ Mexican Americans have an early onset and faster pro-

gression of dementia.

∙ White matter hyperintensities (WMH), related to cardio-

vascular risk factors, are associatedwith cognitive decline.

∙ In our study, WMH were associated with lower perfor-

mance in executive function inMexican Americans.

∙ Ethnicity should be taken in account for risk factor inter-

ventions planning.

target MAs, analysis of ZIP codes in Tarrant County with the highest

population of Hispanic individuals was performed to determine loca-

tions for recruitment. Subjects included in the study had an age of

50 and above, a self-reported ethnicity of MA or non-Hispanic White,

and were willing and capable to provide blood samples and undergo

neuroimaging studies. Considering the nature of the disease, and its

possible impact on cognition, individuals with type 1 diabetes, cancer

diagnosis, chemotherapy or radiotherapy in the last 12 months, severe

mental illness, traumatic brain injury with loss of conscience in the

last 12 months, active infection, alcohol/substance abuse, and other

severe illness such as end stage renal failure or chronic heart failure,

are excluded from participation on the HABS-HD study.

HABS-HD participants undergo a clinical interview, neuropsycho-

logical assessment, functional examination,MRI of the head, and blood

draw for clinical and biomarker analysis. An informant interview is
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conducted to assess functional level. All components are completed

during a baseline visit and every 24months during follow-up visits.

Hypertensionwas classified via self-reportedmedical history, use of

blood pressure-lowering drugs, and/or average of two blood pressure

measurements> 140/90mmHg. Self-reportedmedical diagnosis, cur-

rent use of insulin or oral hypoglycemic agents, and/or HbA1c > 6.5%

were used to diagnose diabetes. Participants with a medical diagno-

sis of high cholesterol and/or triglycerides, use of cholesterol-lowering

drugs, total cholesterol > 200 mg/dL, or triglycerides > 150 mg/dL

were diagnosed as having dyslipidemia. Obesity was defined as having

a bodymass index of 30.0 or higher

Aweekly consensus review of experienced clinicians assign a cogni-

tive diagnosis based on the Clinical Dementia Rating Scale (CDR), self-

report and informant questionnaires, and neuropsychological tests

scores. Based on previous published criteria byO’Bryant et al.17 a CDR

sum of boxes ≥ 2.5 and a cognitive test z-score equal to two standard

deviations or below the mean on two or more tests is required for a

dementia diagnosis. A diagnosis of mild cognitive impairment (MCI) is

assigned based on complaints of cognitive changes by self or other, a

CDR sum of boxes of 0.5 to 2.0, and at least one cognitive test with

a z-score equal to or below 1.5 standard deviations. Participants who

performwithin normal parameters on psychometric testing and have a

CDR= 0 are classified as cognitively normal.

2.2 Study population

FromMarch 2017 until October 2019, 1357 subjects were enrolled in

the study baseline visit. In order to analyze the relationship of WMH

and cognition within a cognitively normal sample of MA elders, we

excluded 181 participants with a diagnosis of MCI, and 76 partici-

pants with an AD diagnosis. Of the remaining 1100 subjects, 515 self-

identified as MA. The final sample was composed of 515 cognitively

normal subjects. One hundred and forty-eight subjects (28.7%) who

were diagnosed as cognitively normal reported subjective memory

complaints. All subjects included in the final analysis met the following

criteria: (1) having undergone at least partial neuropsychological eval-

uation, and having a cognitive diagnosis at the time of theirMRI, (2) not

meeting criteria forMCI or dementia, (3) self-reporting their ethnicity

as MA, (4) having complete data on all covariates (ie, age, sex, educa-

tion), (5) having complete data on quantitative MRI variables of inter-

est (ie, WMH volume, intracranial volume [ICV], presence of lacunae,

and/or microbleeds).

2.3 MRI acquisition

MRI data were acquired using a 3T SKYRA scanner (Siemens Health-

ineers AG; Erlangen, Germany) using the same protocol for all partic-

ipants. T1-weighted magnetization prepared rapid acquisition gradi-

ent echo (MPRAGE; repetition time = 2300 ms, echo time = 2.93 ms,

field of view = 270, matrix = 256 with 1.2 mm slice thickness, and

voxel size = 1.1 mm x 1.1 mm x 1.2 mm), and T2-weighted fluid atten-

uated inversion recovery (FLAIR; repetition time = 4.800 ms, echo

time = 441 ms, TI time = 1650 ms, field of view = 256, matrix = 256

with slice thickness = 1.2 mm, and voxel size = 1.0 mm x 1.0 mm x

1.2mm) images were acquired in the sagittal plane.

2.4 Predicting variables

Due to non-normality, WMH volume values were log transformed. To

adjust for individual cranial size differences, the residual approachwas

used.18 This method involves running a linear regression model using

ICV as the independent predictor, and the region of interest (log trans-

formed WMH volume) as the dependent variable. We used the resid-

ual values of this regression (log transformed WMH volume adjusted

by ICV) to predict tests scores among cognitively normal participants.

WMH volume was measured from the MPRAGE and FLAIR images

using the Statistical ParametricMapping Lesion Segmentation Toolbox

Lesion Growth Algorithm (www.statisticalmodelling.de/lst.html).19

Estimated ICV was derived from Freesurfer v6.0 analysis of the T1

MPRAGE data (http://surfer.nmr.mgh.harvard.edu/).20 Lacunae and

microbleeds (hemosiderin deposits) were detected and counted by

a neuroradiologist (KK), were reported as “absent” or “present,” and

used to predict test scores.

2.5 Cognitive function

TheMini-Mental State Examination (MMSE) was used to assess global

cognition.21 The Trail Making Test, parts A and B, were used as mea-

sures of attention and executive function, respectively.22 Verbal flu-

ency (phonetic and semantic) were assessed with the FAS and animal

naming tests.23 The Spanish English Verbal Learning Test (SEVLT) eval-

uated immediate and delayed memory.24 The Digit-Symbol Substitu-

tion Test (DSST)25 ascertained processing speed.

2.6 Covariates

Demographic information including age, gender, and total years of edu-

cation as reported during the interviewwere covariates.

2.7 Statistical analysis

Data were analyzed with SPSS version 25 for Windows (SPSS INC.,

Chicago, IL). To normalize WMH distribution, we used a log transfor-

mation, adjusted by ICV. Lacunae and microbleeds were entered in

the models as categorical variables (0= absent, 1= present). With the

exception of MMSE, neuropsychological test raw scores were trans-

formed into z-scores to facilitate effect size comparisons between

variables. To make test scores more comparable across tests, the signs

of the z-scores for all tests for which a higher score indicated a worse

outcome were inverted before statistical comparisons with imaging
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measures were performed. After this transformation, a higher number

indicated a better score for all neuropsychological tests.

First, three multiple linear regression analyses were conducted to

estimate B coefficients and 95% confidence intervals for the associa-

tion among WMH, lacunae, and microbleeds, with each cognitive test

score as a separate outcome. Then, we conducted a regression model

to analyze the relation between WMH and the cognitive scores, using

lacunae and microbleeds as covariates. The second set of analyses

examined the relation of total WMH volume with cognition, with each

test score as a separate outcome, and this time we included sex, age,

and education as control variables in the regression models. Statistical

significance was set to P≤ .05.

3 RESULTS

3.1 Characteristics of the study population at the
time of MRI

The total sample included 515 cognitively normal participants with a

mean age of 62.6 years (SD7.7); 69.9%of the participantswere female,

and had a mean of 9.8 years (SD 4.5) of education. A summary of the

demographic, CVRF, tests score, and neuroimaging characteristics of

the sample is given in Table 1.

3.2 Regression analysis

The results of the regression analysis for the entire sample are shown

in Table 2. Regression models showed that WMH volume significantly

predicted MMSE (B = –0.43 (–0.76 to–0.10), P = .001), Trails B (B = –

0.16 (–0.27 to –0.06), P = .002), and DSST (B = –0.12 (–0.22 to –0.02),

P= .01) scores. The results remained significant after adjusting for sex

and education, but the MMSE and DSST scores were no longer signifi-

cant after adjusting for age (P > .05). The presence of subjective mem-

ory complaints did not modify the associations. Lacunae and microb-

leeds did not influence the results when entered as confounding vari-

ables to the models. Neither lacunae nor microbleeds showed a sig-

nificant relation with cognitive scores when used as the independent

variable in the regression models. Because of the small sample sizes

for lacunae (n = 22) and microbleeds (n = 53), a low statistical power

reduced the chance of detecting an effect.

4 CONCLUSIONS

In this sample of community-based cognitively normal MAs we found

the following: (1) WMH load was significantly associated with execu-

tive function scores; (2)WMH loadwas also associatedwith global cog-

nition and processing speed scores, but this association was no longer

significant after adjusting for age; (3) lacunae and microbleeds, inde-

pendently, were not associated with any cognitive scores, as neither

TABLE 1 Characteristics of the study population

Characteristica N= 515

Age 62.6 (7.76)

Sex (% female) 69.9 (N= 360)

Education, years 9.8 (4.5)

Hypertension (% yes) 61.3 (N= 316)

DiabetesMellitus (% yes) 35.7 (N= 184)

Dyslipidemia (% yes) 63.6 (N= 328)

Obesity (% yes) 48.3 (N= 249)

Subjectivememory complains (% yes) 28.7 (N= 148)

MMSE 26.9 (2.77)

Trails A 0.19 (0.68)

Trails B 0.22 (0.82)

FAS 0.14 (0.90)

Animal naming 0.14 (0.87)

SEVLT immediate 0.21 (0.83)

SEVLT delayed 0.31 (0.76)

DSST 0.16 (0.83)

TotalWMHvolume 2.17 (4.44)

TotalWMHvolume, after logarithmb 0.77 (0.74)

Total ICV (mL) 1374.87 (154.95)

Total logWMHvolume (adjusted by ICV)c –0.042 (0.72)

Lacunae (% yes) 4.3% (N= 22)

Microbleeds (% yes) 10.3 (N= 53)

Abbreviations: DSST, Digit-Symbol Substitution Test; ICV, intracranial vol-

ume;MMSE,Mini-Mental State Examination; SEVLT, Spanish EnglishVerbal

Learning Test;WMH, whitematter hyperintensities.
aMean (SD) unless otherwise specified.
bLogarithm, base 10.
cWMH log value adjusted by ICV (unstandardized residual).

TABLE 2 Linear regression:WMH and neuropsychological test
scores

B 95%CI t P

Trails A 0.01 –0.07 to 0.09 0.28 .77

Trails B –0.16 –0.27 to –0.06 –3.14 .002a

FAS –0.01 –0.12 to 0.09 –0.19 .84

Animals 0.00 –0.09 to 0.11 0.13 .89

SEVLT Immediate –0.05 –0.16 to 0.04 –1.15 .25

SEVLTDelayed –0.04 –0.14 to 0.04 –0.98 .32

DSST –0.12 –0.22 to –0.02 –2.46 .01b

MMSE –0.43 –0.76 to –0.10 –0.11 .01b

Abbreviations: DSST, Digit-Symbol Substitution Test; MMSE, Mini Men-

tal State Examination; SEVLT, Spanish English Verbal Learning Test, WMH,

whitematter hyperintensities.
aRemains significant after controlling for age, sex, and education.
bNot significant after controlling for age.
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MRImarker affected the results when entered as a confounder; and (4)

sex and education did not influence the results.

This association between WMH and worse performance in execu-

tive function is consistent with many studies,26,27 and suggests a rela-

tionship between WMH and cortical frontal system involvement.28

Executive functions are closely related to cortical-subcortical circuits

passing along the white matter, so any damage to the white matter

can potentially disrupt these circuits.5 Tullberg et al. concluded in their

research that regardless ofWMHlocationon thebrain, theywere asso-

ciated with frontal and executive dysfunction.29 Recently, Camerino

et al. provided, for the first time, evidence that WMH in the thala-

mic radiations, caudate nuclei, and corpus callosumare associatedwith

worse performance in executive function and language in dementia-

free subjects.30 Consistent with our findings, age did not affect the

association ofWMHand executive function.31

Low performance in processing speed,32,33 memory,15,34

language,35 and global cognition tasks28,36 have been related to

WMH, which is contrary to our results. In agreement with our findings,

other researchers reported no association between WMH and pro-

cessing speed,29 memory,37 or global cognition.27 These discrepancies

may be explained in part by differences in methodology and study

design, including different mean ages of the participants, the fact

that the subjects in other studies were predominantly non-Hispanic

Whites, different neuropsychological tests used, the use of composite

scores, MRI protocols, image processing, and most importantly, the

use of regional WMH volumes instead of total volumes in the majority

of the studies. It is possible that WMH at strategic regional tracts

have a different impact on specific cognitive domains. A study of

the ALFA (for ALzheimer’s and FAmilies) cohort demonstrated the

importance of periventricular and deepWMH load. The authors found

that deepWMH lesions were strongly linked tomemory and executive

function.25 Another explanation for the conflicting results may be cor-

tical atrophy mediation. Specifically, for memory impairment, He et al.

concluded that gray matter is more important thanWMH.38Rizvi et al.

also suggested that SVD promotes neurodegenerative changes, so in

the end atrophy, and notWMH, is responsible for cognitive decline.10

Contrary to previous research,39–41 lacunae and microbleeds were

not associatedwith cognitive performance in our cohort. It is likely that

the low number of individuals with these pathologies in the cohort did

not allow enough power to show significant results.

Overall, our study supports the scarce body of literature focusing

on the impact of brain SVD on cognition in MAs and extends previous

studies done in the older population to middle age adults. These

findings are very important because detecting WMH at a younger age

may open a window for interventions for secondary prevention at an

earlier stage. Key strengths of the study are the community-based

sampling of MA men and women who did not have dementia or mild

cognitive impairment. Not including cohorts of different Hispanic

ethnicities, which may have different risk and genetic factors, makes

it easier to detect effects if they exist. Other strengths include the

availability of several validated tests for cognitive measures at the

time of MRI imaging, the use of high resolution MRI, and automated

quantification measures for MRI analysis, removing user bias. Lastly,

using WMH as a continuous measure, instead of categories, increased

the power to detect associations with cognitivemeasures.

The study has several limitations. First, the cross-sectional design

does not allow us to establish causation. PossiblyWMH influence cog-

nition, but possibly other factors related to WMH, such as hyperten-

sion or diabetes, are actually driving the cognitive effect. Detailed

CVRF data were not available for examining these important effect

modifications. The HABS-HD study is longitudinal, so these findings

will be reexamined as more data become available. Second, the ana-

lyzed data were from anMA cohort, which may limit the generalizabil-

ity of our findings. Finally,weutilizedglobalWMHvolumes for analysis;

further research using multiple region volumes may provide a clearer

picture of the effects of WMH on specific cognitive domains. Further-

more, we did not analyze other factors that might mediate the rela-

tionship betweenWMHand cognition such as apolipoprotein E (APOE)

ε4 carrier status, cortical atrophy, hippocampal volume, and lifestyle

habits.42 Future research is needed to determine if the effects of global

and regionalWMHvolumes on cognition aremediated by cortical atro-

phy, hippocampal volume, APOE ε4 status, and lifestyle habits.
In this community-based sample of MA adults, we found that global

WMHvolumewas associated with lower scores in ameasure of execu-

tive function, after accounting for age, sex, and education. Our results

suggest that even low volumes of WMH in middle-aged and older

adults can be clinically important. Because of the great potential public

health impact, future prevention interventions should focus on these

“younger” groups.
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