
Comparing Vascular Brain Injury and Stroke by Cranial Magnetic 
Resonance Imaging, Physician-Adjudication, and Self-Report: 
Data from the Strong Heart Study

Astrid Suchy-Dicey1,2, Clemma Muller1,2, Dean Shibata3, Barbara V. Howard4, Shelley A. 
Cole5, WT Longstreth Jr6,7, Richard B. Devereux8, Dedra Buchwald1,2

1Elson S Floyd College of Medicine, Washington State University

2Initiative for Research and Education to Advance Community Health, Washington State 
University

3Department of Radiology, University of Washington

4Med Star Health Research Institute

5Texas Biomedical Research Institute

6Department of Neurology, University of Washington

7Department of Epidemiology, University of Washington

8Weill Cornell Medical College

Abstract

BACKGROUND—Epidemiologic studies often use self-report as proxy for clinical history. 

However, whether self-report correctly identifies prevalence in minority populations with health 

disparities and poor healthcare access is unknown. Furthermore, overlap of clinical vascular events 

with covert vascular brain injury (VBI), detected by imaging, is largely unexamined.
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METHODS—The Strong Heart Study recruited American Indians from 3 regions, with 

surveillance and adjudication of stroke events from 1989–2013. In 2010–2013, all 817 survivors, 

aged 65–95 years, underwent brain imaging; neurological history interview; and cognitive testing. 

VBI was defined as imaged infarct or hemorrhage.

RESULTS—Adjudicated stroke was prevalent in 4% of participants; separately-collected, self­

reported stroke in 8%. Imaging-defined VBI was detected in 51%, and not associated with any 

stroke event in 47%. Compared with adjudication, self-report had 76% sensitivity and 95% 

specificity. Participants with adjudicated or self-reported stroke had poorest performance on 

cognitive testing; those with imaging-only (covert) VBI had intermediate performance.

CONCLUSION: In this community-based cohort, self-report for prior stroke had good 

performance metrics. A majority with VBI did not have overt, clinically-recognized events, but 

did have neurological or cognitive symptoms. Data collection methodology for studies in resource­

limited setting must balance practical limitations in costs, accuracy, feasibility, and research goals.
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INTRODUCTION

The functional consequences of vascular brain injury (VBI) are broad, [1, 2] and result 

from both overt, clinically defined stroke and covert, imaging-defined VBI in those without 

a history of stroke. [3–7] The incidence and prevalence of stroke in American Indians are 

substantially greater than that of the general U.S. population. [8–10] However, the degree of 

overlap between overt and covert VBI in American Indians and the clinical impact of covert 

VBI in this population are unknown. The Cerebrovascular Disease and its Consequences 

in American Indians (CDCAI) study, an ancillary neurology examination of the original 

Strong Heart Study (SHS) cohort, used detailed self-reported questionnaires and cranial 

magnetic resonance imaging (MRI) to compare the prevalence and manifestations of overt 

and covert VBI. [11, 12] Three methods were available to define VBI: adjudicated stroke, 

self-reported stroke, and MRI findings of VBI. The purpose of this analysis is to compare 

the performance and clinical correlates of these methods among American Indians aged 65 

and older.

METHODS

Study Setting

Between 1989 and 1991, 4,549 community-dwelling, adult American Indians aged 35–74 

from 13 tribes across three geographic regions of the U.S were recruited into the Strong 

Heart Study (SHS). [13] In 2010–2013, the CDCAI study recruited 1,033 willing, eligible 

SHS participants (86% of survivors) to undergo clinical examinations related to VBI and its 

manifestations, including self-reported neurological history and cranial MRI. [11, 12] One 

community has since withdrawn from all research and have been removed from analytic 

datasets, resulting in a sample size of N=817.
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Event Surveillance

SHS event adjudications [14, 10] and MRI scan [12] procedures were designed to have 

comparability with methods used by two other large cohort studies, the Cardiovascular 

Health Study (CHS) [15, 16] and the Atherosclerosis Risk in Communities Study (ARIC) 

and Jackson Heart Study (JHS). [17, 18] Surveillance and physician adjudication for overt, 

clinically defined stroke have been continuously conducted through December 31, 2017, 

based on methods that have been previously described. [14, 10] In short, surveillance 

identified possible events through telephone contact, interim clinic visits, and mailed 

questionnaires. Trained field staff reviewed charts for ICD-9 codes (430–436) and specific 

terminology related to stroke. These codes and terms were also used to search electronic 

medical records at the Indian Health Service, other local hospitals, and patient care 

facilities. A committee of physicians adjudicated events using abstracted medical history, 

physical examination, emergency room visit, medical consult, medical imaging, discharge 

summary, surgical operation, and other procedure records for all surveillance-identified 

events. Adjudicated strokes were delineated as definite (evidence of infarct or hemorrhage 

on imaging and no other disease process that could cause localizing neurological deficit 

or coma; or history of rapid onset of localizing neurologic deficit and documentation by 

unequivocal physician of deficit and/or change in consciousness with >24 hours of duration 

with no other responsible disease process identified), [14] probable, or possible; this analysis 

considered only definite strokes.

Cranial MRI Data Collection

For the MRI scan, 1.5T scanners were used to obtain six sequences in contiguous 

slices, including sagittal and axial T1 and T2, FLAIR, and gradient echo sequences, 

as described previously, [12]. Two study neuroradiologists blinded to clinical data 

scored number and location of vascular lesions, including infarcts ≥3 mm in maximum 

dimension and hemorrhages of any size, with microhemorrhages including those <5mm 

in maximum dimension. MRI-defined VBI was categorized based on the presence of one 

or more MRI-imaged cerebral infarct or parenchymal hematoma (hemorrhage), including 

microhemorrhage. Previous reports have described the collection and distribution of these 

findings in detail. [19, 12, 20]

Self-reported Neurological Data Collection

At the time of the MRI scan visit, participants were asked, “Has a medical person ever 

told you that you have had a stroke?” This information was collected independently of the 

surveillance and adjudication procedures described above and was not used in identification 

of possible events for chart abstraction. Participants were also asked about symptoms 

possibly related to stroke, including: double vision, loss of vision, dizziness or loss of 

balance, paralysis, numbness, and any sudden loss or changes in speech.

Classification of Stroke and Vascular Brain Injury

MRI scans were conducted among survivors from the original baseline SHS cohort. All 

analyses of prior stroke included only non-fatal, definite adjudicated events that occurred 

before the time of the MRI scan. Categorization of participants for VBI included: those with 
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overt adjudicated stroke and MRI-defined VBI lesions; those with overt adjudicated stroke 

but without MRI-defined VBI lesions; those with covert MRI-defined VBI findings, namely 

presence of VBI without any record of an adjudicated stroke event; and those with neither 

MRI-defined VBI lesions nor adjudicated stroke. The differentiation in overt adjudicated 

stroke between those with and without MRI findings may be important to distinguish those 

with true VBI from those with temporary, or resolved, or subtle pathology or those whose 

clinical event did not arise from a vascular pathology.

Other Data Collection

Participants also self-reported age in years, binary sex, years of formal education, annual 

household income, marital status, smoking and alcohol use history. Use of daily medications 

was recorded by label transcription. Blood pressure was based on two averaged, seated 

sphygmomanometry measures. Blood samples were collected to measure cerebrovascular 

risk factors including glucose, cholesterol, and glomerular filtration rate. Participants 

completed a battery of neuropsychological and functional tests, including: the Modified 

Mini-Mental State Examination (3MSE), [21] the Weschler Adult Intelligence Scale digit 

symbol coding subtest (WAIS), [22] the Controlled Word Association F,A,S test (COWA), 

[23] the California Verbal Learning Test (CVLT) 2nd edition, short form, long delay 

free recall, [24] a short physical performance battery (SPPB), [25] grip strength test by 

dynamometer (grip), [26] and Halstead finger tap test (finger tap) for both dominant and 

non-dominant hand. [27] [27] Cognitive impairment was defined as 1 SD below mean in any 

of 3MSE, WAIS, COWA, or CVLT.

Statistical Analyses

Overt adjudicated strokes all occurred by definition before the study MRI scan, and only 

those adjudicated as definite were included in analyses. Participants were divided into three 

mutually exclusive groups based on evidence for VBI: overt (adjudicated stroke); covert 

(MRI-defined in those without adjudicated stroke); and no overt or covert VBI. Summary 

statistics, including mean and standard deviation or count and percent were used to examine 

differences in characteristics of participants by these three VBI groups. Cross-tabulation 

was used to examine concurrence between adjudicated and self-reported stroke and between 

overt adjudicated stroke and covert MRI-defined VBI, with adjudicated stroke being the gold 

standard. Sensitivity, specificity, correct classification, and receiver operating characteristic 

(ROC) area under the curve (AUC) values were calculated to evaluate concurrence among 

categorizations. Cognitive test scores, adjusted for age and years of formal education using 

linear regression, were also cross-tabulated by VBI categories. Bar graphs with underlaid 

scatter plots presented distribution of neuropsychological and functional testing scores by 

feature categorizations, with coloration by age. All analyses were conducted using Stata v 

14 (College Station, TX) or R v3.5 (The R Foundation for Statistical Computing, Vienna, 

Austria).

RESULTS

Participants were mostly female and older, with mean age 73 years (Table 1), and age range 

64 to 95 (interquartile range 68 to 77). The top quantile of age (n=145) was mean 83 (SD 
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3.6), range 79–95. Participants had relatively high years of formal education (more than 

half attended college) but very low income (majority below national poverty threshold for 

household size of four). The majority were unmarried, ever smokers and drinkers (albeit 

mostly former), and had hypertension, and high cholesterol; 49% had diabetes. Out of 817 

participants, 33 (4.0%) had overt adjudicated stroke; 68 (8.3%) had self-reported stroke; 

287 (35%) had MRI findings of vascular brain injury, whether overt or covert; and 263 

(32.2%) had covert MRI-defined VBI (i.e. in the absence of record of an overt, adjudicated 

stroke event). Of the 287 with MRI-defined VBI, 263 (91%) had infarcts, 45 (16%) had 

hemorrhages, and 35 (12%) had microhemorrhages (defined as hemorrhage < 5mm in 

maximum dimension).

Participants with overt adjudicated stroke were more likely to be older, unmarried, less 

educated, lower income, smokers, hypertensive, and have kidney disease, compared with 

those who without overt or covert VBI. They were also less likely to have consumed alcohol 

or have high cholesterol but did not differ by sex or diabetes.

A history of experiencing symptoms possibly related to stroke was common, with one-third 

reporting ever having had spells of dizziness, loss of balance, or sensation of spinning and 

one-tenth reporting sudden numbness or tingling on one or both sides of the body. More 

than half of participants with overt adjudicated stroke reported these symptoms. Around 

half of participants with adjudicated stroke also reported sudden paralysis or weakness or 

changes to speech, which were experienced by very few without VBI. Changes or loss of 

vision were reported by around one-tenth of participants with adjudicated stroke but were 

not significantly difference across the three groups.

In comparisons of self-reported with adjudicated stroke as the gold standard (Table 2), 

sensitivity is 75.8%, specificity is 94.5%, correct classification (CC) is 93.8%, and AUC 

is 0.85. Adding report of any symptoms of stroke (dizziness, paralysis, numbness, double 

vision, loss vision, changes to speech) to self-reported stroke improves sensitivity a little 

(87.9%) but reduces specificity a great deal (58.4%) and reduces overall test performance 

(CC 59.6%, AUC 0.73). Adding individual symptoms of dizziness, paralysis, numbness, 

double vision, loss of vision, and changes to speech changed the AUC moderately to 0.74, 

0.86, 0.82, 0.83, 0.83, and 0.85 (respectively). The best addition was symptoms of paralysis, 

with combined sensitivity 78.8%, combined specificity 92.9%, and CC 92.3%. In sensitivity 

analyses that included participants with adjudicated possible stroke, symptoms were slightly 

more common (N=40), but most test comparisons were poorer (Supplemental Materials).

When transient ischemic attack (TIA) events are combined with stroke events in both 

self-report (n=89) and adjudication (n=83), sensitivity increases to 88.0%, specificity to 

97.8%, and correct classification to 96.8%, with area under the curve 0.93. Of those with 

self-reported stroke, 7 did not report prior TIA; of those with adjudicated possible, probable, 

or definite stroke, 16 did not have a record of prior TIA.

Of the 33 participants with prior overt, definite, adjudicated stroke events, 9 (27%) did not 

have MRI-defined vascular findings. Of these, all (100%) reported having had symptoms 

possible related to stroke: 3 had dizziness, 4 had paralysis, 4 had numbness, 0 had double 
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vision, 0 had loss of vision, 2 had changes to speech. Of these 5, 2 also had some degree of 

cognitive loss.Participants with MRI findings of VBI, whether overt or covert, (N=287) were 

4.2 times more common than self-reported stroke (68) and 8.6 times more common than 

adjudicated stroke (33). Of participants with only covert MRI-defined VBI, 61.2% (161/263) 

had cognitive loss, and 37.3% (144/263) reported having had symptoms possibly related to 

stroke, including 30.1% with dizziness, 5.7% with paralysis, 4.6% with double vision, 7.2% 

with loss of vision, and 6.1% with temporary loss of speech.

Comparing age- and education- adjusted neuropsychological and physical functional testing 

results for participants across the three VBI groups (Table 3), participants with adjudicated 

stroke had lowest general cognition (3MSE), slowest processing speed (WAIS), worst verbal 

fluency (COWA), worst verbal memory (CVLT), worst lower body physical performance 

and motor control (SPPB and grip strength), and worst fine motor control (finger tap). 

Participants with covert MRI-defined VBI were intermediate in all cognitive and physical 

function tests; and participants without VBI performed best in all tests.

Similarly, distribution of cognitive test scores (3MSE, WAIS, COWA, CVLT; Figure) and 

physical function test scores (SPPB, grip strength, and finger tap; Supplemental Figure) 

were lowest overall for those with the overt adjudicated stroke, intermediate for those with 

covert MRI-defined VBI, and highest for those with without VBI. The oldest ages (lightest 

green) were observed throughout the distribution, although tended to be below the median, 

compared with the youngest ages (darkest purple).

DISCUSSION

This study found moderate sensitivity but high specificity for the self-report method, 

suggesting that when surveillance and physician adjudication is considered the gold 

standard, reliance on self-report alone for case ascertainment may result in some 

missed cases, but few misreported cases. The combination of self-reported events and 

symptomatology--with temporary paralysis performing best of all symptoms—or addition of 

TIA improved test characteristics, although whether these features are of interest should be 

carefully considered in balance with research and clinic objectives.

Evaluation of adjudicated stroke in association with cranial imaging findings suggested 

a large number of covert vascular findings; these results suggest that if even subtle 

cerebrovascular changes are of primary research interest, then imaging or detailed case 

identification methods may be needed. These findings are consistent with previous reports 

in other populations. [28, 29] Future research should examine whether better screening 

for subclinical or covert VBI may be warranted by improving vascular, functional, or 

other health outcomes. Future research may also evaluate predictive capacity of additional 

post-stroke tests, such as functional disability scores, in both acute and chronic settings, and 

also to evaluate associations with MRI findings that may not be expected to cause overt 

clinical events, such as white matter disease.

A small proportion (15%) of participants with prior stroke did not have any evidence 

of MRI-detected vascular pathology. This result might be unexpected, [30, 31] since 
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adjudicated clinical vascular events should have some underlying brain pathology that 

would be detectable by MRI. [32, 33] However, similar findings have been reported by 

the Cardiovascular Health Study, which found up to 41% of incident adjudicated strokes had 

no evidence of infarct or hemorrhage on the follow-up MRI 5 years later. [34] One potential 

explanation for such a discrepancy may be that standard methods for reviewing MRI were 

not adequately sensitive to small, but clinically meaningful vascular events; namely the MRI 

reading was in error, and a clinical event did occur. However, this explanation is unlikely 

because duplicate MRI reads included even very small lesions. An alternative explanation 

might be that the adjudication process to delineate definite stroke may not be adequately 

specific to vascular events, or may reflect some other pathology with similar neurological 

symptoms and clinical presentation—namely the medical diagnosis and/or adjudication were 

in error, and a stroke did not occur, but perhaps some other clinical event did. Or, perhaps, 

neither was in error, and a stroke did occur, but did not lead to permanent changes in 

brain tissue that would be identifiable as a VBI event or lesion on a subsequent MRI [35]—

challenging the original expectation that a stroke would be recognizable on later imaging.

This analysis included years of formal education as an adjustment feature to address 

potential confounding, as it is often considered a proxy for achieved education. However, 

American Indians have been historically subjected to oppressive federal population and 

educational policies, which may affect these relationships. From the late 19th through much 

of 20th century, Indigenous US children were forced to attend day or boarding schools—

often at great distance from their family homes—and endured abusive disciplinary and other 

harsh strategies aimed at prohibiting cultural expression and assimilating them into majority 

US society. [36] At such schools, quality of education was typically low, emphasizing 

menial labor instead of academic skills. [37] Consequently, quality of achieved education 

may not be well represented by years of formal education among those who attended 

such schools; future research should examine these associations using empirical data on 

educational quality, in order to better assess the confounding relationships on cognition and 

functional outcomes.

More than 6 million American Indians and Alaska Natives live in the US, with nearly 10% 

aged 65 years or older; morbidity and mortality statistics suggest that the general health 

of this subpopulation lags behind that of non-Hispanic Whites. [38, 39] Most American 

Indians receive federally-guaranteed healthcare from the Indian Health Service, and so 

documentation of stroke events that occur to members of this population is likely to be 

comprehensive and complete. However, such coverage has historically been chronically 

underfunded and often unable to provide specialized treatments or diagnostic tests, such 

as MRI or comprehensive cognitive assessment, with American Indian adults using health 

services less often and presenting for care at more advanced stages of disease than their 

White counterparts. [40, 41] The extreme rurality of many American Indian communities, 

and its concomitant effects on likelihood for timely care, [42] as well as the limited 

availability of specialized healthcare and resources such as neurology clinics [43] present 

additional barriers to neurology care in this underserved population.

A small but meaningful difference was detected by field center in proportion of adjudicated 

clinical stroke events; no such events were identified among the 97 participants in the 
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Southwest field center, although 3 (12% of 33 such events) would be expected if proportions 

were consistent by field center and across all events categories. This difference between 

observed and expected was statistically significant (Chi-squared P-value=0.03). Future 

research may examine whether any geographic or regional differences can influence events 

recognition, or whether this observation was due simply to chance.

Strengths of this work include long-term, comprehensive medical and neurological data 

collection in an understudied population, with extensive, well-documented surveillance, 

adjudication, and imaging procedures in a large, population-based cohort study. Limitations 

of our analyses include the possibility of survivor bias: participants were originally recruited 

in 1989–1991 and followed for adjudicated events prospectively; however, only survivors 

from the original recruitment were included in CDCAI in 2010–2013. Selective survival 

could affect findings, if participants were, on average, different from non-participants. 

Previous comparisons of participation in this follow-up study, based on vascular factors and 

vascular disease have suggested that is little evidence of selective survival. [44] Additionally, 

due to neuroradiologists being blinded to clinical data, it can only be circumstantially 

assumed that a given self-reported or adjudicated stroke is directly related to any specific 

lesion detected on MRI. However, many participants had covert findings, and an MRI 

finding in an adjudicated or self-reported stroke case may not be causal or correlated with 

the identified clinical syndrome. For example, the lesion might be on the opposite side of the 

brain from the localization of the clinical event.

Overall, research on vascular brain injury in American Indians may benefit from using 

a combination of imaging, adjudication, or self-reported data, with trade-offs considered 

on the basis of specific research goals. If the intent is to examine associations with 

symptomatic events, using self-report or adjudicated data may be warranted. Alternatively, 

if the association of interest involved some proximal mechanism, using imaging findings 

alone may comprise the most reasonable approach. Using self-report in place of 

adjudicated surveillance data may be reasonable if a high degree of case sensitivity is not 

required. These findings may have implications for studies in other populations, including 

demonstration of a general need for complementary data collection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure: 
Comparing vascular brain injury and overt clinical, physician adjudicated definite stroke 

with cognitive test scores and age, for American Indian participants of the Strong Heart 

Study (2010–2013)

Bar charts and dot plots for cognitive test scores for Modified Mini Mental Status 

Examination (3MSE; general cognition), Weschler Adult Intelligence Scale (WAIS; 

processing speed), Controlled Oral Word Association (COWA; verbal fluency) and 

California Verbal Learning Test 2nd edition short form long delay free recall (CVLT LF; 

verbal memory) – Y axes – over categories of vascular injury, including those without overt 

or covert VBI (N=398), those with covert VBI, MRI defined (N=386), and those with overt 
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VBI, adjudicated stroke (N=33) – X axes. Coloration by age, with youngest in dark purple 

and oldest in light green.
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Table 1:

Selected participant characteristics by groups of vascular brain injury, for American Indian participants of the 

Strong Heart Study (2010–2013)

Groups of Vascular Brain Injury*

All N=817
Neither Overt nor Covert 

VBI N=521
Covert VBI, MRI-defined 

N=263
Overt VBI, Adjudicated stroke 

N=33

Field center

 Northern Plains 374 (45.8%) 45.3% 45.3% 57.6%

 Southern Plains 346 (42.4%) 42.2% 42.6% 42.4%

 Southwest 97 (11.9%) 12.5% 12.2% -

Age, years 73.0 (5.6) 72.0 (5.3) 74.4 (6.3) 77.5 (6.8)

Male sex 263 (32.2%) 32.1% 32.3% 33.3%

Education: Any college 445 (54.5%) 57.6% 50.0% 42.4%

Income: <$20k 484 (59.2%) 55.1% 66.2% 69.7%

Not married 507 (62.1%) 58.2% 68.8% 69.7%

Ever smoked 539 (66.0%) 68.0% 61.2% 72.7%

Ever drank alcohol 617 (75.5%) 78.7% 70.0% 69.7%

Diabetes 403 (49.3%) 49.1% 49.8% 48.5%

Hypertension 660 (80.8%) 78.9% 83.7% 87.9%

High cholesterol 423 (51.8%) 51.4% 53.2% 45.5%

Chronic kidney disease 219 (21.8%) 24.6% 30.8% 30.3%

Symptoms of stroke

 Double vision 66 (8.1%) 8.6% 7.2% 6.1%

 Loss vision 45 (5.5%) 5.6% 4.6% 12.1%

 Dizzy 279 (34.2%) 34.8% 30.4% 54.6%

 Paralysis 48 (5.9%) 3.1% 5.7% 51.5%

 Numbness 83 (10.2%) 8.6% 8.3% 48.5%

 Changes speech 50 (6.1%) 3.7% 6.1% 45.5%

Vascular brain injury (VBI), magnetic resonance imaging (MRI)

Numbers given as count and column percentages, except for years of age, which is given as mean (SD).

*
Adjudicated stroke with or without findings of VBI on the study MRI defines Overt VBI. MRI findings of VBI without adjudicated stroke defines 

the Covert VBI.
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Table 2

Comparison of physician-adjudicated definite stroke, self-reported stroke, and overt and covert MRI-defined 

vascular brain injury, for 817 American Indian participants of the Strong Heart Study (2010–2013)

Definite Adjudicated stroke

(Yes) N=33 (No) N=784

Self-reported stroke (Yes) N=68 25 43

(No) N=749 8 741

Sensitivity 75.8%, specificity 94.5%, correct classification 93.8%, AUC 0.85

MRI-defined vascular brain injury
‡ (Yes) N=287 24 263

(No) N=530 9 521

Sensitivity 72.7%, specificity 66.5%, correct classification 66.7%, AUC 0.70

‡
MRI-defined vascular brain injury (N=287) includes cerebral infarcts ≥ 3 mm (N=263) and hemorrhage any size (N=45). These categories are not 

mutually exclusive, with N=21 having both infarcts and hemorrhages.
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Table 3:

Comparing cognitive test scores, by groups of vascular brain injury, for American Indian participants of the 

Strong Heart Study (2010–2013)

All N=817 Score (SD; 
range)

Neither Overt nor Covert 
VBI N=521

Covert VBI, MRI-defined 
N=263

Overt VBI, Adjudicated stroke 
N=33

3MSE 88.4 (4.3; 75–100) 89.0 (4.0; 76–100) 87.4 (4.4; 76–98) 85.3 (5.3; 75–98)

WAIS 44.0 (9.2; 16–69) 45.4 (8.6; 19–69) 41.9 (9.3; 17–63) 37.2 (11.2; 16–63)

COWA 24.3 (5.0; 9–40) 25.0 (4.8; 10–40) 23.5 (5.0; 11–39) 21.4 (6.3; 9–36)

CVLT LF 5.5 (0.5; 4–7) 5.5 (0.4; 4–7) 5.3 (0.5; 4–6) 5.0 (0.6; 4–6)

SPPB 7.5 (1.1; 4–10) 7.5 (1.1; 4–10) 7.0 (1.2; 4–9) 6.3 (1.5; 3–9)

Grip (kg) 24.8 (3.1; 15–33) 25.4 (2.9; 16–33) 24.1 (3.2; 15–31) 22.4 (3.8; 15–30)

Finger Tap 35.0 (2.7; 26–42) 35.4 (2.5; 27–42) 34.3 (2.8; 26–40) 32.9 (3.3; 27–40)

Modified Mini Mental Status Examination (3MSE; general cognition), Weschler Adult Intelligence Scale (WAIS; processing speed), Controlled 

Oral Word Association (COWA; verbal fluency) and California Verbal Learning Test 2nd edition short form long delay free recall (CVLT LF; 
verbal memory), Short Physical Performance Battery (SPPB; lower body motor control), grip strength test (Grip; upper body motor control), and 
Halstead finger tapping test (finger tap; fine motor control), vascular brain injury (VBI)
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