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Purpose: We examined the association of Stroke Belt birth state with late-life cognition in The Study of
Healthy Aging in African Americans (STAR).
Methods: STAR enrolled 764 Black Americans ages 50+ who were long-term Kaiser Permanente North-
ern California members. Participants completed Multiphasic Health Check-ups (MHC; 1964-1985) where
early-life overweight/obesity, hypertension, diabetes, and hyperlipidemia were measured. At STAR (2018),
birth state, self-reported early-life socioeconomic status (SES), and executive function, verbal episodic
memory, and semantic memory scores were collected. We used linear regression to examine the asso-
ciation between Stroke Belt birth and late-life cognition adjusting for birth year, gender, and parental
education. We evaluated early-life SES and cardiovascular risk factors (CVRF) as potential mechanisms.
Results: Twenty-seven percent of participants were born in the Stroke Belt with a mean age of 69 (stan-
dard deviation = 9) at STAR. Stroke Belt birth was associated with worse late-life executive function
(B [95% confidence interval]: —0.18 [-0.33, —0.02]) and semantic memory (—0.37 [-0.53, —0.21]), but
not verbal episodic memory (—0.04 [—0.20, 0.12]). Adjustment for SES and CVRF attenuated associations
of Stroke Belt birth with cognition (executive function [-0.05 {-0.25, 0.14}]; semantic memory [—0.28
{—0.49, —0.07}]).
Conclusions: Black Americans born in the Stroke Belt had worse late-life cognition than those born else-
where, underscoring the importance of early-life exposures on brain health.

© 2021 Elsevier Inc. All rights reserved.
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Introduction United States is a region colloquially known as the “Stroke Belt”

for its disproportionately high rates of stroke and cardiovascular

Immense geographic disparities in health outcomes across the
United States have persisted for decades [1,2]. The Southeastern

Abbreviations: SES, socioeconomic status; CVRF, cardiovascular risk factors;
STAR, Study of Health Aging in African Americans; MHC, multiphasic health check-
ups; SENAS, Spanish and English Neuropsychological Assessment Scales.
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disease morbidity and mortality [2-4]. This geographic health dis-
parity is particularly relevant for Black Americans who represent
26% of the Stroke Belt population and 10% of the population of the
rest of the United States [2]. Studies suggest that the poor health
outcomes in this region are driven, in part, by socioeconomic sta-
tus (SES) and cardiovascular risk factors (CVRF) [5,6].

Due to historical and on-going de jure and de facto racism,
Black Americans are more likely to experience lower income,
poorer education quality, lower educational attainment, and higher
levels of unemployment compared to White Americans, and these
inequalities are amplified in the Stroke Belt [7,8]. Low SES is as-
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Fig. 1. Directed acyclic graph showing the relationship between birth in the Stroke Belt with late-life cognition.

sociated with a number of poor health outcomes including ele-
vated risk of cognitive impairment and dementia [9,10]. In addi-
tion, Black Americans have higher prevalence of CVRF compared to
other racial/ethnic groups; almost half of Black adults ages 20 and
older are obese, 42% are hypertensive, and 20% have diabetes [11-
16]. These common CVREF, typically developed in midlife, are asso-
ciated with elevated risk of late-life cognitive impairment and de-
mentia [17-20]. The higher prevalence of low SES and CVRF among
Black Americans may contribute to the disproportionate burden of
dementia in this population, particularly among those living in the
Stroke Belt [4,17-19,21].

Stroke Belt birth is associated with increased risk of dementia
and dementia-related mortality in Black Americans, even among
individuals who were born in the region but have since moved
elsewhere [4,22]. However, the extent to which Stroke Belt birth
is associated with late-life cognition after adjustment for early-life
SES and CVREF is less clear. Using data from the Study of Healthy
Aging in African Americans (STAR) we aimed to characterize the
association between Stroke Belt birth with late-life cognition be-
fore and after accounting for early-life SES and CVRF potentially on
the causal pathway (Fig. 1). We hypothesized that Black Americans
born in the Stroke Belt would have lower late-life cognitive func-
tion compared to Black Americans born elsewhere. We hypothe-
sized that those born in the Stroke Belt would have a higher preva-
lence of low SES and CVRF, and that adjusting for these factors
would attenuate the associations between birth region and cogni-
tion, suggesting mediation.

Methods

The STAR cohort includes community-dwelling older Black
adults residing in the San Francisco Bay Area of California, pri-
marily the cities of Oakland and Richmond. Individuals eligible for
STAR were long-term members of Kaiser Permanente Northern Cal-
ifornia, an integrated healthcare delivery system, who identified as
Black American, were age 50 years or older on January 1, 2018,
and had previously participated in Kaiser Permanente Multipha-
sic Health Checkup (MHC) exams between 1964 and 1985. STAR
wave 1 was conducted from 2018 to 2019. Stratified random sam-
pling by age and education was used with the goal of recruit-
ing approximately equal proportions of participants ages 50-64
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and 65 and older (range 53-95 years). Exclusion criteria included
electronic medical record diagnosis of dementia or other neurode-
generative diseases (frontotemporal dementia, Lewy body disease,
Pick’s disease, Parkinson’s disease with dementia, Huntington’s dis-
ease) and presence of health conditions that would impede par-
ticipation in study interviews (defined by hospice activity in the
past 12 months, history of severe chronic obstructive pulmonary
disease in the past 6 months, congestive heart failure hospitaliza-
tions in the past 6 months, and history of end stage renal disease
or dialysis in the past 12 months). This study was conducted after
IRB approval, and all participants provided informed consent.

Stroke Belt birth

State of birth was ascertained at STAR Wave 1 when partic-
ipants were asked to self-report their place of birth. Individuals
who reported being born in North Carolina, South Carolina, Geor-
gia, Tennessee, Alabama, Mississippi, Arkansas, or Louisiana were
classified as being born in the Stroke Belt. These 8 states had an
age-adjusted stroke mortality 10% above the national average from
1999 to 2016 (with the exception of Louisiana for 1 year) [2,23]
and have been used in prior literature to define the Stroke Belt,
including in the Reasons for Geographic and Racial Differences in
Stroke Study [24]. Participants who reported being born in states
outside of the 8 listed above were identified as being born else-
where (i.e., outside of the Stroke Belt) and foreign-born partici-
pants were excluded.

Cognitive assessment

Cognitive function was assessed using the Spanish and English
Neuropsychological Assessment Scales (SENAS), a battery of cog-
nitive tests that has undergone extensive development using item
response theory methodology for valid comparisons of cognition
and cognitive change across racial/ethnic and linguistically diverse
groups [25-27]. Three cognitive domains (executive function, ver-
bal episodic memory, and semantic memory) were derived from
the SENAS, and each domain was z-standardized using the mean
and standard deviation from the full baseline sample. Executive
function is a measure of reasoning and problem solving, verbal
episodic memory measures recollection of events and personal
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experiences, and semantic memory measures memory of general
facts, concepts, and ideas [28]. Administration procedures, devel-
opment, and psychometric characteristics have been described in
detail elsewhere [25,26].

Covariates

MHC exams were conducted as part of routine care at KPNC
and administered in 5 waves from 1964 to 1973, 1973 to 1977, 1977
to 1985, 1985 to 1992, and 1992 to 1996. Only data from each par-
ticipant’s first MHC were available for this analysis. All first vis-
its fell during the first 3 MHC waves (1964-1985). Data collection
included blood and urine samples, physical measurements (such
as weight and height), and questionnaires about lifestyle, health
behaviors, and health history. These data were used to ascertain
young adulthood (mean age = 27 [standard deviation {SD} = 7])
CVRF. Hypertension (defined as a systolic blood pressure > 140
mm Hg, diastolic blood pressure > 90 mm Hg, self-report of high
blood pressure diagnosis, or self-report of antihypertensive med-
ication use), overweight/obesity (defined as a body mass index
of > 25 [kg/m2]), hyperlipidemia (defined as a fasting serum to-
tal cholesterol > 200 mg/dL), and diabetes (defined as a fasting
serum glucose > 126 mg/dL or a nonfasting serum glucose of
> 200 mg/dL, self-report of a diabetes, or self-report of insulin
use) were measured by clinical staff using standard methods and
dichotomized (yes/no). A categorical CVRF variable based on the
number of risk factors each participant had at their first MHC was
created with categories of O risk factors, 1 risk factor, or 2+ risk
factors.

At STAR wave 1, participants were asked about conditions in
their childhood that were used to ascertain early-life SES. Par-
ticipants were asked whether from birth to age 16 they would
say their family was financially well off, average, or poor. Re-
sponses were dichotomized as poor childhood versus average/well-
off childhood. Participants were asked how often they had to skip
a meal or go hungry while growing up and responses were di-
chotomized as never (no childhood hunger) versus any other re-
sponse (rarely, sometimes, often, or very often). Participant edu-
cational attainment was reported as the last or highest level of
school completed for credit and dichotomized as some college or
less versus college graduate or more. A categorical SES variable
was created using the number of SES risk factors each participant
reported. These risk factors included a financially poor childhood,
experience of childhood hunger, and participant educational attain-
ment and a composite score of 0, 1, or 2+ risk factors was deter-
mined.

We considered additional covariates as potential confounders
including birth year (ascertained from medical records), gender
(male or female based on self-report or medical records), parental
education, and age at MHC. Parental education was defined as the
highest level of education attained by each participant’s mother
(or woman that raised them) or father (or man that raised them),
whichever was higher or nonmissing. A dichotomous variable was
created to indicate parental education of high school or less versus
more than high school.

Statistical analysis

After exclusions for missing cognitive test scores (n = 5) and
missing birth state (including those born outside of the United
States; n = 31), 728 STAR participants were in the analytic sample.
Descriptive statistics were presented and stratified by birth region
(Stroke Belt birth vs. born elsewhere). Using linear regression, we
estimated the mean difference in cognitive test z-score between
those born in the Stroke Belt compared to those born elsewhere.
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Z-scores were used so that test scores were standardized and com-
parable across the 3 cognitive domains. Cognitive domains were
tested separately, and all models were adjusted for birth year, gen-
der, and parental education. In recognition that SES factors and
CVRF may be on the causal pathway between Stroke Belt birth and
cognition, we first adjusted models for demographics (birth year,
gender, parental education), then added adjustments for SES and
CVRF composite scores (using 0 risk factors as the reference). We
also tested individual SES factors and CVRF, though results were
similar to models using composite measures and are presented as
supplemental tables. Effect estimates and 95% confidence intervals
were generated using bootstrapping with 10,000 replications due
to SES factors and CVRF being potential mediators. Interactions be-
tween birth region and SES factors, CVRF, and composite SES and
CVRF variables were tested; there were no statistically significant
interactions (P> .05), so interaction terms were dropped from final
models (results not shown). All models with CVRF variables were
additionally adjusted for age at MHC (i.e., age when CVRF were as-
sessed). Analyses were conducted using SAS 9.4 (SAS Institute Inc.,
Cary, NC).

Results

Of 728 participants, 27% (n = 197) were born in a Stroke Belt
State. Mean age at cognitive assessment was 69 (SD = 9) years
with those born in the Stroke Belt being older (75 years [SD = 8)
vs. 66 [SD = 8]) (Table 1). Thirty-one percent of participants were
male, which was similar across birth region groups. Fifty-one per-
cent of those born in the Stroke Belt had parents with a high
school education or less compared to 37% of participants born
elsewhere. Resource poor childhood, childhood hunger, and having
less than a college degree were more common among participants
born in the Stroke Belt than those born elsewhere. Fifty-six per-
cent of those born in the Stroke Belt had 2 or more SES risk fac-
tors compared to 40% of those born outside the Stroke Belt. Over-
weight/obesity, hypertension, hyperlipidemia, and diabetes were all
more prevalent among those born in the Stroke Belt. Thirty-eight
percent of participants born in the Stroke Belt had 2 or more CVRF
compared to 21% of those born elsewhere. Stroke Belt born par-
ticipants were more likely to have 2+ CVRF across levels of SES
compared to those born elsewhere (Fig. 2).

Executive function

Stroke Belt birth was associated with a 0.18 lower (95% confi-
dence interval [CI]: —0.33, —0.02) executive function z-score com-
pared to being born elsewhere after adjusting for birth year, gen-
der, and parental education (Fig. 3). Birth region explained 8% of
the variance in executive function whereas potential confounders
(birthyear, gender, and parental education) explained 26%, CVRF
explained 7%, and childhood SES explained 12%. Compared to hav-
ing 0 SES risk factors, having 1 SES factor (8 [95% CI]: —0.37
[—0.60, —0.14]) or 2+ SES factors (B [95% CI]: —0.66 [—0.91, —0.41])
was associated with significantly worse late-life executive function
(Table 2). Adjustment for SES attenuated the association between
birth region and executive function slightly (8 [95% CI]: —0.16
[-0.35, 0.04]) such that the beta was no longer statistically sig-
nificant. Compared to having 0 CVREF, late-life executive function
did not significantly differ from those with 1 CVRF (8 [95% CI]:
—0.04 [-0.22, 0.14]), but was associated with significantly worse
executive function among those with 2+ CVRFs (8 [95% CI]: —0.27
[-0.47, —0.06]). Adjustment for number of CVRF attenuated the
association between Stroke Belt birth and executive function (8
[95% CI]: —0.08 [-0.28, 0.12]) (Fig. 3). The association between
Stroke Belt birth and late-life executive function (8 [95% CI]: —0.05
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Table 1
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Participant baseline characteristics stratified by birth region

Overall Born in Stroke Belt Born elsewhere
Variables n =728 n =197 n = 531
Age at MHC*, years & SD 26.7 £ 7.3 320+ 7.2 24.7 £ 6.3
Age at STAR, years + SD 68.8 + 8.8 753 £ 8.1 66.3 +£ 7.7
Male, % (n) 30.5 (222) 31.0 (61) 30.3 (161)
Parental education < H.S., % (n) 40.4 (294) 50.8 (100) 36.5 (194)
Socioeconomic factors
Resource poor childhood, % (n) 33.3 (242) 43.7 (86) 29.4 (156)
Childhood hunger, % (n) 8.8 (64) 11.2 (22) 7.9 (42)
College graduate or more, % (n) 35.2 (256) 31.0 (61) 36.7 (195)
Socioeconomic composite
0 risk factors, % (n) 15.7 (111) 9.0 (17) 18.1 (94)
1 risk factor, % (n) 39.8 (282) 34.9 (66) 41.5 (216)
2+ risk factors, % (n) 44.6 (316) 56.1 (106) 40.4 (210)
Cardiovascular risk factors
Overweight/obesity’, % (n) 33.4 (243) 41.1 (81) 30.5 (162)
Hypertension?, % (n) 21.0 (152) 25. 4 (50) 19.3 (102)
Hypercholesteremia®, % (n) 36.3 (258) 47.6 (89) 32.3 (169)
Diabetesl, % (n) 23 (17) 5.1 (10) 1.3 (7)
Cardiovascular composite
0 risk factors, % (n) 38.1 (270) 30.0 (56) 41.1 (214)
1 risk factor, % (n) 36.4 (258) 32.1 (60) 38.0 (198)
2+ risk factors, % (n) 25.4 (180) 38.0 (71) 20.9 (109)

* Multiphasic Health Check-ups (MHC) conducted as part of routine care between 1964 and 1985.

T Overweight/Obesity defined as BMI of > 25 (kg/m?).

 Hypertension defined as systolic blood pressure > 140 mm Hg, diastolic blood pressure > 90 mm Hg, self-
report of high blood pressure diagnosis, or self-report of antihypertensive medication use.

§ Hyperlipidemia defined as serum total cholesterol > 200 mg/dL.

I Diabetes defined as defined as a fasting serum glucose > 126 mg/dL or a nonfasting serum glucose of >
200 mg/dL, self-report of diabetes diagnosis, or self-report of insulin medication use.

60.0
50.0
£ 400 — — ]
g
2 300
5
~020.0
10.0
0.0
Elswhere Stroke Belt ~ Elsewhere Stroke Belt =~ Elsewhere Stroke Belt =~ Elsewhere Stroke Belt
Resource Poor Childhood Childhood Hunger Less than College No Socioeconomic Factors
W0 Cardiovascuar Risk Factors 44.4 24.1 38.1 28.6 40.9 26.9 42.4 25.0
@ 1 Cardiovascular Risk Factor 32.0 37.4 40.48 333 38.3 31.5 37.0 50.0
02+ Cardiovascular Risk Factors 235 38.6 21.43 38.1 20.9 41.5 20.7 25.0

Fig. 2. Prevalence of cardiovascular risk factors stratified by socioeconomic factors and birth region.

[-0.25, 0.14]) remained nonsignificant when adjusting for compos-
ite SES and CVRF concurrently. Similar attenuation was seen in the
association of Stroke Belt birth and cognition when adjusting for
individual SES and CVRF (Supplemental Table 1).

Verbal episodic memory

Stroke Belt birth was not statistically significantly associated
with verbal episodic memory (8 [95% CI]: —0.04 [-0.20, 0.12])
(Fig. 3; Supplemental Table 2).

Semantic memory

Participants born in the Stroke Belt had a 0.37 lower (95% CI:
—0.53, —0.21) semantic memory z-score compared to individuals
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born elsewhere after adjusting for covariates (Fig. 3). Birth region
explained 9% of the variance in semantic memory whereas poten-
tial confounders explained 16%, CVRF explained 3%, and childhood
SES explained 7%. Compared to O SES risk factors, having 1 risk fac-
tor (B [95% CI]: —0.48 [-0.72, —0.24]) or 2+ risk factors (8 [95%
CI]: —0.63 [-0.89, —0.37]) was associated with significantly worse
late-life semantic memory (Table 2). Compared to having no CVREF,
semantic memory did not significantly differ from those with 1
CVRF (B [95% CI]: —0.02 [-0.21, 0.17]) and was significantly lower
in those with 2+ CVRF (B8 [95% CI]: —0.26 [-0.48, —0.04]). The as-
sociation of Stroke Belt birth with semantic memory was attenu-
ated after adjustment for SES and CVRF (8 [95% CI]: —0.28 [-0.49,
—0.07]) (Fig. 3). Similar attenuation was seen in the association of
Stroke Belt birth and cognition when adjusting for individual SES
factors and CVRF (Supplemental Table 3).
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Discussion

In this all-Black cohort of older adults living in Northern Cal-
ifornia, we found that Stroke Belt birth was associated with sig-
nificantly worse late-life executive function and semantic memory.
Participants from the Stroke Belt were older, had lower educational
attainment, and had lower parental educational attainment com-
pared to those born elsewhere. Participants born in the Stroke Belt
were also more likely to report having early-life low SES and CVRFE.
Adjustment for SES and CVRF attenuated the associations of Stroke
Belt birth with executive function by 5.8% and semantic memory
by 3.5%. CVRF appeared to have a stronger attenuating effect on
birth region than SES. Early-life CVRF may be a stronger predic-
tor of late-life brain health than early-life SES. However, these re-
sults should be interpreted with caution given the possibility of
uncontrolled confounding and measurement error, particularly for
SES. For executive function, adjustment for risk factors caused the
association between birth region and cognition to become non-
significant; the association with semantic memory, while attenu-
ated, remained statistically significant. These findings suggest that
while measured SES and CVRF may be on the causal pathway, they
do not fully explain the association between Stroke Belt birth and
cognition. Our results are consistent with previous work showing
an association between birth or residence in a Stroke Belt state
with late-life cognitive impairment, dementia, and dementia mor-
tality even after adjustment for covariates including SES and CVRF
[4,22,29-31].

We found associations of Stroke Belt birth with cognitive do-
mains of executive function and semantic memory, but not ver-
bal episodic memory. While deficits in verbal episodic memory are
often considered a hallmark of Alzheimer’s disease (AD), studies
of individuals with preclinical AD have consistently shown subtle
deficits in executive function and semantic memory [32]. Further,
semantic memory represents “world knowledge” and is developed
through abstraction of experiences and encounters [33,34]. This
domain is heavily influenced by childhood experiences and envi-
ronment which could explain why the relationship between Stroke
Belt birth and late-life semantic memory was only slightly atten-
uated by adjustments for SES and CVRF [34]. Understanding the
health contributions of birth in the Stroke Belt on cognition is par-
ticularly important for older Black Americans who are now reach-
ing late-life and at elevated risk of Alzheimer’s disease and related
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dementias (ADRD) [35]. Many Black Americans who were born in
the Stroke Belt over the course of the 20th century have since
moved elsewhere as part of the Great Migration (1910-1970) [36].
Understanding how residential history influences cognitive aging
may help in identifying higher risk populations as well as geo-
graphic differences in risk factors that contribute to racial/ethnic
health disparities [37]. The Stroke Belt region has had the great-
est proportion of residents living in poverty throughout U.S. his-
tory with 17.5% living in poverty in 1971 compared to 9.5%, 10.3%,
and 11.4% in the Northeast, Midwest, and West, respectively [38].
While this trend is narrowing, higher rates of poverty in the South
have persisted over the last 50 years [38]. Poverty in early life
is associated with low birthweight [39], poor nutrition [40], poor
education quality and lower educational attainment [41], environ-
mental toxicants such as lead [42], as well as chronic stress [43],
all of which are associated with poor cognitive development and
function [44] In addition to higher rates of poverty in the Stroke
Belt, the region has elevated prevalence of cardiovascular risk fac-
tors and disease including overweight/obesity, hypertension, dia-
betes, and coronary heart disease, which disproportionately affect
Black residents [2,6,11]. The association between midlife CVRF and
cognitive impairment and dementia is well documented [17,19,21].
Our analysis suggests that even when developed in childhood and
early adulthood, CVRF have a negative impact on late-life cognitive
function [37].

STAR participants lived the majority of their lives in Northern
California with most moving to the region between 1960 and 1980.
This suggests there are likely additional factors influencing the
relationship between birth region and cognition that need to be
identified. Education is strongly linked to cognitive outcomes and
higher levels of educational attainment are believed to enhance
cognitive reserve and resilience [45]. Several studies have shown
that mandatory schooling [46], school desegregation [31,47], and
school quality [41] are associated with better late-life cognitive
function. The impact of these policies is heavily influenced by sec-
ular and geographic trends, and they should be investigated as
potential mediators of the relationship between Stroke Belt birth
with cognitive aging. Additionally, geographic differences in the re-
lationship between lifestyle and environmental factors with cogni-
tive function are understudied and may influence the relationship
between birth region and cognition [2,48,49]. Studies have shown
associations of dietary patterns [50] and air pollution [51] with
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Table 2

Linear regression of the mean difference (8 [95% Cl]) in late-life cognitive test z-score by composite socioeconomic and cardiovascular risk factors

Semantic memory

Verbal episodic memory

Executive function

Model 2* Model 3% Model 17 Model 2¢ Model 3¢ Model 17 Model 2F Model 3%

Model 17

Models*

0.03 -0.36 -0.30 -0.28

—0.08 ~0.05 —0.06 0.03
(~0.28, 0.12)

-0.16

Born in Stroke Belt

(~0.49, —0.07)

(~0.51, —0.09)

(~0.56, —0.16)

(~0.18, 0.24)

(~0.18, 0.24)

(—0.26, 0.15)

(~0.25, 0.14)

(~0.35, 0.04)

(ref: born elsewhere)

Socioeconomic composite (ref: 0 risk factors)

1 risk factor

-0.49

-0.48

-0.37

-0.33

—-0.45

-0.37

(~0.74, —0.24)

-0.61

(~0.72, —0.24)

—0.63

(~0.62, —0.13)
—038

(~0.57, —0.09)

-0.36

(~0.68, —0.22)

-0.72

(~0.60, —0.14)
—0.66

2+ risk factors

(~0.87, —0.34)

(~0.89, —0.37)

(~0.65, —0.11)

(~0.62, —0.09)

(=097, —0.48)

(-0.91, —0.41)

Cardiovascular composite (ref: 0 risk factors)

1 risk factor

—-0.02

—-0.02

0.00

0.03

-0.04

—0.04

(=021, 0.17)
—0.24

(-0.21, 0.17)

-0.26

(~0.19, 0.19)
~0.25

(~0.16, 0.21)
~0.26

(=0.22, 0.14)
~0.26

(=0.22, 0.14)

~027
(~0.47, —0.06)

2+ risk factors

(—0.45, —0.02)

(~0.48, —0.04)

(=0.47, —0.03)

(—0.48, —0.04)

(—0.46, —0.05)

* All models adjusted for birth year, gender, and parental education.

t Model 1 adjusted for SES composite.

¥ Model 2 adjusted for CVRF composite.

§ Model 3 adjusted for SES composite and CVRF composite.
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cognitive impairment and dementia, but further research with em-
phasis on geographic differences is needed.

This work has several strengths including measures of early-
life risk factors, a cohort whose participants had equal access to
healthcare, and a comprehensive and sensitive measure of cogni-
tion using the SENAS. Limitations include an inability to ascertain
when participants moved from the Stroke Belt to Northern Califor-
nia (where all participants resided by the 1980s). We are unable to
assess whether time spent living in the Stroke Belt had a cumula-
tive effect on cognition. Effect estimates of the association between
birth region and cognition may be susceptible to selection bias due
to differences between Black participants born in the Stroke Belt
who were able to leave (eventually residing in Northern California)
and those without an opportunity or desire to move elsewhere.
This may cause underestimation of the effect of Stroke Belt birth
on late-life cognition if individuals who moved away from the re-
gion were healthier, had higher SES, or other advantages associated
with better late-life cognitive function [52]. In addition, there is
limited generalizability to Black populations that moved from the
Stroke Belt to other parts of the United States. We were limited to
assessment of cognition at one time point. Consequently, we mea-
sured current cognition and did not directly measure cognitive im-
pairment, which entails a decline from a previous level of cogni-
tive function. Thus, we cannot determine whether Stroke Belt birth
is associated with cognitive decline or dementia, though previous
studies suggest that may be the case [4,22]. Finally, our assessment
of early life SES was based on self-report in late-life and limited to
a small number of factors. We cannot account for potential infor-
mation and measurement bias in measures of early life SES and
CVREF, nor the possibility of residual confounding.

Structural racism is a key determinant of health [53]. Black
Americans have higher rates of cognitive impairment and demen-
tia and are more likely to experience low SES and CVRF [2,7,11,35].
Geographic differences in these exposures and outcomes further
contribute to racial/ethnic health disparities, but geographic con-
tributions are not fully understood and often overlooked. Public
health initiatives to improve cognitive outcomes in Black Ameri-
cans must consider the role of geography on risk and risk factors.
Future research is needed to continue to characterize the influ-
ence of geography on life course risk factors for dementia, partic-
ularly among older Black Americans many of whom were part of
the Great Migration, one of the largest migrations of people in his-
tory [36]. Epidemiologic studies of cognitive function and demen-
tia have underscored the importance of assessing lifecourse risk
factors, and our work further supports that conditions from birth
through late-life contribute to late-life brain health.
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