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Abstract
Objective: Investigate associations of early-life residence and school segregation with cognitive change in the Minority 
Aging Research Study.
Methods: Four hundred ninety-eight blacks (age ~ 73.5; 75% = women) without dementia at baseline self-reported State of 
birth, residence at age 12, and school segregation status. Census Bureau definitions of South and Northeast/Midwest were 
used to categorize early-life residence. We evaluated global cognition and five cognitive domains at baseline and annually 
for ~7.5 years. Linear mixed effects models examined the associations of region of birth and residence at age 12 with base-
line level and longitudinal change in cognition. Additional models examined school segregation experience.
Results: ~65% of Southern-born participants still lived in the South at age 12. Southern birth was associated with lower 
baseline global cognition and all cognitive domains (p-values ≤ .02) compared to Northern birth, but not cognitive change. 
A  similar profile was seen for Southern residence at age 12. Segregation experience significantly modified associations 
of residence at age 12 on levels of cognition. Participants residing in the South attending a legally desegregated school 
demonstrated lower baseline levels of cognition (global, semantic, and working memory) than their Northeast/Midwest 
counterparts attending a legally desegregated or segregated school as well as their Southern counterparts attending a legally 
segregated school. This profile for participants attending a desegregated school in the South held for processing speed and 
visuospatial ability in comparisons to Northeast/Midwest counterparts, particularly those attending a legally desegregated 
school.
Conclusion: Baseline cognition was poorer in individuals born and residing in the South, particularly those attending 
desegregated schools at age 12.
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Older non-Latino blacks perform more poorly on cogni-
tive testing than older non-Latino whites, independent 
of dementia (Barnes & Bennett, 2014). Factors including 

increased prevalence of cardiovascular disease risk fac-
tors (CVD-RFs) and lower socioeconomic status (SES) 
(Schwartz et  al., 2004) among older blacks compared to 
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older whites have been reported to contribute to dispari-
ties in cognition. Historic events of the 20th century that 
directly affected the black experience in the United States 
may also, and uniquely, influence cognition and brain aging 
for older blacks. Most prior research is based solely on 
birth region. Therefore, investigating how factors associ-
ated with the unique experiences of older blacks growing 
up in the United States relate to level and change in cogni-
tive functioning may provide important information about 
additional contributors to brain aging in this population.

During the 20th century, several historic events affected 
early-life residential and educational experiences of many 
blacks growing up in the United States. Beginning in the 
early 1900s and peaking in the 1940s, over 6 million blacks 
migrated from the Southern to the Northern United States 
settling primarily in large industrialized cities such as New 
York and Chicago. This “Great Migration” was in response 
to economic opportunities in the North as well as segrega-
tion and violence in the Jim Crow South. Also during this 
time (1900–1970s), the U.S. Supreme Court declared an end 
to segregation in schools with their 1954 ruling in Brown 
v. Board of Education (Brown v. Bd. of Educ. of. Topeka, 
347 US 483, 1954). Although this ruling officially ended 
the former constitutionally sanctioned laws that required 
separate but equal educational experiences for blacks and 
whites, southern schools remained racially segregated for 
at least another decade, and race-based distinctions in the 
educational experiences of individuals attending schools 
across the South persisted (Frisvold & Golberstein, 2011). 
For example, older blacks born and educated in Alabama 
during the time of Brown v.  Board of Education experi-
enced higher student–teacher ratios, lower school funding 
per student, and shorter school years than whites (Crowe 
et  al., 2013), not to mention the psychological stressors 
associated with desegregation of Southern schools and the 
community as a whole (Allen, Brown, Jackson, & Lewis, 
1977; Travis & Anthony, 1978; Walker & Archung, 2003). 
It has been suggested that the educational experience of 
segregation in schools, greater in the South of the United 
States compared to the North, may contribute to late-life 
cognitive outcomes, particularly for older black adults 
(Allaire & Whitfield, 2004; Liu, Glymour, et al., 2015).

In addition to place of birth, a growing number of stud-
ies have investigated early-life contextual factors that may 
help to explain differences in cognition between blacks and 
whites. Educational quality has emerged as a consistent 
and considerable contributor (Crowe et  al., 2013; Fyffe 
et al., 2011; Manly, Jacobs, Touradji, Small, & Stern, 2002) 
even after controlling for CVD-RFs (Carvalho et al., 2015) 
and/or SES (Dotson, Kitner-Triolo, Evans, & Zonderman, 
2009). Likewise, early-life residence (Liu, Glymour, et al., 
2015; Sellers, Burns, & Guyrke, 2002; Sisco et al., 2015) 
and early-life adversity (Barnes, Wilson, et  al., 2012) 
have been documented to affect late-life cognitive differ-
ences between older blacks and older whites (Everson-
Rose et al., 2003; Fritsch et al., 2007; Liu, Glymour, et al., 

2015; Wilson, Scherr, Bienias, et al., 2005; Wilson, Scherr, 
Hoganson, et al., 2005). The majority of these studies, how-
ever, have compared older blacks to older whites. While 
comparison studies are important for documenting racial 
differences, given the profoundly different social environ-
ment that blacks experienced at that time, within race 
investigations are needed to further knowledge about how 
specific contextual factors may uniquely influence late-life 
cognition among blacks.

In the current study, we investigated the role of early-
life residence and educational experiences, that is, school 
segregation, on level and change in cognitive function over 
time in older black adults without known dementia par-
ticipating in the Minority Aging Research Study (MARS). 
Work to date investigating early-life residential and educa-
tional experiences related to late-life cognition within older 
black adults has been limited and primarily cross-sectional 
(Allaire & Whitfield, 2004). While most prior research is 
based solely on birth region, we are aware of only one lon-
gitudinal study (Aiken-Morgan, Gamaldo, Sims, Allaire, & 
Whitfield, 2015) which reported that persons who attended 
segregated schools performed more poorly on baseline 
measures of language and perceptual speed, but the experi-
ence of segregation did not influence the degree of cogni-
tive change from baseline when compared to an evaluation 
conducted approximately 2.75 years later. MARS provides 
an average of 7.5 years (range 2–10 years) of annual data 
collection allowing for the longest follow-up to date on 
this topic. Additionally, we examined the combined effect 
of early-life residence and the educational experience of 
segregation on level and change in cognitive functioning. 
We hypothesized that older black adults born in the South 
would show lower levels of late-life cognitive functioning 
and greater cognitive decline, particularly for semantic 
memory (akin to the language domain used in previous 
studies; Aiken-Morgan et al., 2015) and perceptual speed, 
compared to older black adults born in the North after 
adjusting for relevant covariates. We further hypothesized 
that geographical differences in cognition would remain 
when considering residence at age 12. Lastly, we hypoth-
esized that the experience of school segregation would 
alter cognition and cognitive decline in affected individuals 
regardless of residence at age 12.

Method

Participants

Participants were enrolled in the Minority Aging Research 
Study (MARS) (Barnes, Shah, Aggarwal, Bennett, & Schneider, 
2012). First begun in 2004, MARS is an ongoing longitudinal 
community-based, clinical-pathological cohort study of aging 
in older blacks. As described elsewhere (Barnes, Shah, et al., 
2012), participants are recruited following a presentation on 
healthy aging from a variety of community-based settings 
including churches, subsidized senior housing facilities, retire-
ment communities, African American clubs, organizations, 
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fraternities and sororities, as well as social service centers that 
cater to seniors in the metropolitan Chicago area and outly-
ing suburbs. Participants enroll without known dementia and 
agree to detailed annual clinical evaluations and cognitive 
testing. The Institutional Review Board of Rush University 
Medical Center approved this study and participants gave 
written informed consent for all aspects of the study in accor-
dance with the Declaration of Helsinki.

At the time of these analyses, 745 participants had enrolled 
in MARS and 737 had completed baseline evaluation includ-
ing a cognitive evaluation. Of these 737 participants, 670 
had two or more follow-up evaluations whereas 67 had only 
a baseline evaluation at the time of these analyses. Of this 
group, data on early-life residence were available for 513 par-
ticipants with baseline cognitive testing. Based on a uniform 
structured clinical evaluation (Barnes, Shah, et al., 2012), we 
excluded 15 participants who had a diagnosis of dementia 
(Bennett et al., 2006) following the NINDS/ADRDA criteria 
(McKhann et al., 1984), or mild cognitive impairment, that 
is, cognitive impairment that did not meet criteria for demen-
tia (Bennett et al., 2002), at the time of their baseline evalua-
tion. This left 498 individuals in our analyses.

Birth and Early-Life Residence

At the time of the baseline evaluation, MARS participants 
were asked their full street address including city, state, 
county, and country at birth and where they resided at age 
12. We focused on age 12 because it is an age when nearly all 
children are in school (Wilson, Barnes, et al., 2005). For this 
analysis, we used state level information only. We designated 
Southern born or the “South” to correspond with the U.S. 
Census Bureau definition of the South that includes Alabama, 
Arkansas, Delaware, the District of Columbia, Florida, 
Georgia, Kentucky, Louisiana, Maryland, Mississippi, 
North Carolina, Oklahoma, South Carolina, Tennessee, 
Texas, Virginia, and West Virginia. Following the definitions 
of the U.S. Census Bureau, the Northeast region includes 
Connecticut, Maine, Massachusetts, New Hampshire, New 
Jersey, New York, Pennsylvania, Rhode Island, and Vermont 
and the Midwest includes Illinois, Indiana, Iowa, Kansas, 
Michigan, Minnesota, Missouri, Nebraska, North Dakota, 
Ohio, South Dakota, and Wisconsin. Given the location of 
this study, we designated Northern born or the “North” to 
include both Northeast and Midwest regions and hereafter 
referred to as Northeast/Midwest. These same definitions 
were used to designate place of residence at age 12. We 
excluded one individual who was born and resided outside 
of our regions of interest. Of the remaining 497 participants 
in this study, 61 did not have information on residence at 
age 12 and one had moved to a state outside our geographic 
areas of interest at age 12.

Early-Life Educational Experience

Information was collected on the type of academic setting 
participants experienced during their primary education, 

that is, public, public magnet school, private Catholic, 
other private, and other, and their level of enrollment, that 
is, full-time versus part-time. Participants were asked if 
they attended a “legally segregated school” during their pri-
mary education with responses coded as yes, no, and do not 
know (only one individual did not know). If participants 
responded in the affirmative, information was collected 
on the number of years they attended a legally segregated 
school.

Neuropsychological Assessment

All participants underwent an annual cognitive evalua-
tion administered in an identical fashion at annual evalu-
ations (Barnes, Shah, et al., 2012). The Mini-Mental State 
Examination (MMSE) (Folstein, Folstein, & McHugh, 
1975) was used only to describe the cohort whereas the 
remaining 19 tests were selected to assess five specific cog-
nitive domains: episodic memory, semantic memory, work-
ing memory, perceptual speed, and visuospatial ability. 
Episodic memory consisted of scores from immediate and 
delayed recall of story A  from Logical Memory, immedi-
ate and delayed recall of the East Boston Story, Word List 
Memory, Word List Recall, and Word List Recognition. The 
semantic memory domain consisted of performance on a 
15-item version of the Boston Naming Test, Verbal Fluency, 
and a 15-item reading test. As previously stated, for the 
purposes of this study the semantic memory domain is seen 
as akin to the language domain used in previous research 
(Aiken-Morgan et al., 2015). The working memory domain 
score was comprised of scores for Digit Span Forward, 
Digit Span Backward, and Digit Ordering whereas per-
ceptual speed consisted of performance on Symbol Digit 
Modalities Test, Number Comparison, and two indices 
from a modified version of the Stroop Neuropsychological 
Screening Test. Visuospatial ability was represented by a 
15-item version of Judgment of Line Orientation and a 
16-item version of Standard Progressive Matrices.

Raw scores on each of the individual tests were con-
verted to standard z scores using the baseline mean (SD) 
of the entire cohort, and the z scores of all tests for each 
domain were then averaged for the five cognitive domains 
outlined earlier. A global cognitive function score was also 
derived averaging a person’s standard scores across all 19 
test scores outlined earlier. Psychometric information on 
these summary scores has been deemed adequate and is 
contained in previous publications (e.g., Barnes, Wilson, 
et al., 2012; Wilson et al., 2002).

Covariates

In addition to age, sex, and years of education, we adjusted 
for body mass index (BMI), and CVD-RF burden at study 
baseline. BMI was calculated based on height and weight 
determined by direct measurement to the nearest inch and 
pound, respectively. We created a composite measure of 
CVD-RF burden (Boyle, Buchman, Wilson, Leurgans, & 
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Bennett, 2009) based on any self-reported current or past 
history of hypertension, diabetes, and/or smoking (max 
score = 3; higher score = higher burden).

We chose to adjust for these additional covariates for 
several reasons. First, the current study was interested in 
the predictive utility of region of residence rather than the 
causal effect of region of residence. Additionally, given 
that the majority of the states self-reported by participants 
who were included in the Southern region (approximately 
90%)—and one in the Northeast/Midwest region, that is, 
Indiana—may be localized within the Stroke Belt of the 
United States (Feinleib et al., 1993; Howard, Labarthe, Hu, 
Yoon, & Howard, 2007; National Heart, 2015; Sergeev, 
2011). Furthermore, there is consensus that the impact of 
being overweight or obese on stroke risk is most significant 
for blacks in America (Howard et al., 2006; Miller et al., 
2008). Not only is there an interplay of CVD-RF burden on 
stroke risk, but there is also a negative impact of exposure 
to segregation and discrimination on later cardiac health 
(Chae, Nuru-Jeter, & Adler, 2012; Hoggard, Hill, Gray, & 
Sellers, 2015).

Statistical Analysis

Descriptive summaries of all variables of interest includ-
ing covariates were conducted for the overall study sam-
ple, then recalculated after stratification by South versus 
Northeast/Midwest region of birth and residence at age 12 
(separately). We tested for differences in key participant 
characteristics using independent sample t-tests or chi-
square testing (as appropriate) for region of birth and resi-
dence at age 12 (separately). We also tested whether region 
of birth and residence at age 12 could be included in the 
same model. However, tetrachoric correlational analyses 
for binary variables revealed a high degree of collinearity 
between these variables (rtet = 0.97) that precluded includ-
ing both terms in the same model.

Linear mixed effects regression models were conducted 
to examine associations of early-life residence (region of 
birth or residence at age 12, separately) with baseline level 
and longitudinal change in global cognition and cognitive 
domains (separately). Early-life residence was a dichoto-
mous predictor (0 = Northeast/Midwest, 1 = South), and 
each cognitive measure was a continuous longitudinal out-
come. All models included the terms for time in years since 
baseline, age, sex, education, BMI, CVD-RF burden, and 
interaction terms of each of these demographic variables 
by time (Model 1). In analyses for residence at age 12 only, 
we augmented Model 1 by adding a binary variable repre-
senting whether a participant attended a segregated school 
(0 = no, 1 = yes) and an interaction term of this variable by 
time (Model 2). Lastly, because a significantly greater pro-
portion of participants attended a legally segregated school 
in the South compared to the North/Midwest, we investi-
gated whether the association of residence at age 12 with 
cognition differed by school segregation status. Thus, we 

added the interaction term for residence at age 12*school 
segregation as well as the 3-way interaction term with resi-
dence at age 12, segregation status, and time to Model 2 
outlined earlier. Analyses were conducted using SAS/STAT 
software, Version 9.4 of the SAS System for Linux (SAS 
Institute, Cary, NC) and significance was set at p < .05 with 
the exception that we corrected for multiple comparisons 
when considering the five cognitive domains (0.05/5, p ≤ 
.01).

Results
Participants (N = 497) were on average 73 years of age, pri-
marily female (75%), and reported an average 15 years of 
education. Approximately 90% of our study sample went 
to public schools with 40% reporting having attended a 
segregated school for an average of 9  years. Of the 213 
Southern born participants, 178 had available data for resi-
dence at age 12, of whom 136 (76.4%) were still living in 
the South at age 12. Only 1 participant reported residence 
at age 12 outside of our regions of interest. Based on this 
data, our sample showed relative residential stability for 
the time points in question. Additional information may be 
found in Table 1.

Regional Differences in Participant Characteristics

Compared to Southern-born participants, Northeast/
Midwest born participants were younger, had higher lev-
els of education, and performed better on the MMSE (all 

Table 1. Participant Characteristics

N = 497

Key demographics
 Age (years) 73.5 (6.2)
 Sex (male:female ratio) 124:374
 Education (years) 14.9 (3.5)
 Mini-Mental State Examination 27.8 (2.3)
 Body mass index 30.0 (6.4)
 CVD-RF Burden 1.5 (0.86)
Early-life educational experience
 Attended Public School (%) 91.5
 Full-time (%) 94.8
 Legally segregated (Y:N:DK) 189:308:1
 Segregation exposure (years) 8.9 (3.8)
Cognitive composite scores
 Global cognition 0.03 (0.54)
 Episodic memory 0.03 (0.65)
 Semantic memory 0.04 (0.72)
 Working memory 0.03 (0.75)
 Perceptual speed 0.02 (0.77)
 Visuospatial ability 0.03 (0.78)

Notes. CVD-RF = cardiovascular disease risk factor; Y = yes; N = no; DK = do 
not know. All values are mean (SD), unless otherwise noted.
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p-values ≤ .01; Table 2). This profile remained the same 
when participants were compared based on their state of 
residence at age 12 (Table 2) with the exception of age. 
Additionally, participants reporting a Northeast/Midwest 
residence at age 12 (n  =  299) were less likely to have 
attended public school including public magnet schools 
(10.3% reported attending a private Catholic school) or a 
legally segregated school when compared to the 136 par-
ticipants reporting a Southern residence at age 12 (both 
p-values ≤ .01; Table 2). Specific information about these 
as well as other variables are outlined by South versus 
Northeast/Midwest region of birth and residence at age 12 
(separately) in Table 2.

Early-Life Residence and Cognition

Region of birth
In linear mixed effects models including terms for time, age, 
sex, education, BMI, CVD-RF burden, and interaction terms 
of each of these demographic variables by time, Southern 
birth was a significant and negative predictor of level of 
global cognitive functioning (estimate = −0.22, SE = 0.04, p 
< .0001). Southern region of birth was also associated with 
lower levels of performance in episodic memory, semantic 
memory, working memory, perceptual speed and visuospa-
tial ability (Table 3). Southern birth was not, however, asso-
ciated with change in global cognitive functioning or any 
individual cognitive domain over time (Table 3).

Residence at age 12
In linear mixed effects models including terms for time, 
age, sex, education, BMI, CVD-RF burden, and interaction 
terms of each of these demographic variables with time 
(Model 1), Southern residence at age 12 was significantly 
associated with lower level of global cognitive functioning 
(estimate  =  −0.20, SE  =  0.04, p < .0001), and all of the 
cognitive domains except episodic memory (Table 4). Like 
region of birth results, Southern residence at age 12 was 
not associated with change in global cognitive functioning 
over time, p-value = .74, or with any individual cognitive 
domain scores over time (Table 4).

School Segregation and Cognition

Next, we examined the main effect of school segregation 
status in models with residence at age 12 along with terms 
for time, age, sex, education, BMI, CVD-RF burden, resi-
dence at age 12, and interaction terms of each of these vari-
ables with time. Segregation status was not associated with 
either baseline levels or rates of change in any of the cogni-
tive outcomes (p-values ≥ .08; data not shown).

Because a significantly greater proportion of participants 
attended a legally segregated school in the South compared to 
the North/Midwest, we next investigated whether the asso-
ciations between where the participant lived at age 12 (i.e., 
residence at age 12) and cognition differed by school segrega-
tion status by conducting a subsequent model that included 

Table 2. Participant Characteristics Stratified by Region of Birth and Residence at Age 12 (Separately)

Region of birth Residence at age 12

South (n = 213) North/Midwest (n = 284) South (n = 136) North/Midwest (n = 299)

Key demographics
 Age (years) 74.4 (6.6) 72.8 (5.7)** 73.4 (6.1) 73.1 (5.8)
 Sex (male:female ratio) 58:155 66:218 39:97 71:228
 Education (years) 14.0 (3.2) 15.6 (3.6)*** 14.1 (3.1) 15.4 (3.6)**
 Mini-Mental State Exam 27.2 (2.8) 28.2 (1.8)*** 27.3 (3.2) 28.0 (1.8)**
 Body mass index 30.0 (6.4) 30.1 (6.4) 29.5 (5.7) 30.0 (6.4)
 CVD-RF burden 1.5 (0.8) 1.4 (0.8) 1.5 (0.8) 1.4 (0.8)
Educational experience
 Attended public school (%) n/a n/a 96.3 88.6**
 Full-time (%) n/a n/a 92.0 96.3
 Legally segregated (%) n/a n/a 73.5 23.5***
 Segregation exposure (years) n/a n/a 9.7 (3.3) 7.7 (4.2)**
Cognitive composite scores
 Global cognition −0.18 (0.52) 0.20 (0.50)*** −0.13 (0.53) 0.16 (0.50)***
 Episodic memory −0.11 (0.66) 0.15 (0.62)*** −0.03 (0.65) 0.11 (0.65)*
 Semantic memory −0.24 (0.76) 0.24 (0.61)*** −0.18 (0.78) 0.20 (0.63)***
 Working memory −0.16 (0.70) 0.18 (0.76)*** −0.12 (0.68) 0.17 (0.73)***
 Perceptual speed −0.30 (0.71) 0.25 (0.73)*** −0.26 (0.73) 0.20 (0.73)***
 Visuospatial ability −0.17 (0.76) 0.19 (0.77)*** −0.15 (0.73) 0.17 (0.77)***

Notes. CVD-RF = cardiovascular disease risk factor. Of the original 497 participants in our sample analyses, 61 did not have information on residence at age 12 
and 1 had moved to a state outside our geographic areas of interest. All values are mean (SD) unless otherwise noted. Only key demographics and educational 
experience data were compared by region of birth and residence at age 12 (separately) with significance noted as *p < .05, **p < .01, and ***p ≤ .0001.
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the interaction term of residence at age 12*school segrega-
tion status as well as the three-way interaction term with resi-
dence at age 12, segregation status, and time (Supplementary 
Table 1). This model also included terms for time, age, sex, 
education, BMI, CVD-RF burden, residence at age 12, school 
segregation status, and their interaction terms with time.

There was a significant interaction of residence at age 
12*school segregation status on level (estimate  =  −0.24, 
SE = 0.10, p = .02) but not change (p = .82) in global cog-
nitive performance. While individual follow-up analyses 
revealed that participants residing in the South at age 12 
who reported attending a legally segregated school had 
lower baseline levels of global cognitive performance when 
compared to Northeast/Midwest at age 12 and reportedly 
attending a legally desegregated school (fully adjusted esti-
mate = −0.15, SE = 0.05, p = .005), participants residing in 
the South at age 12 who reported attending a legally deseg-
regated school had the lowest baseline levels of global cog-
nitive performance compared to all other groups (Figure 1). 
More specifically, these individuals had lower baseline lev-
els of global cognition compared to participants residing in 
the Northeast/Midwest at age 12 and reportedly attending a 
legally desegregated (fully adjusted model estimate = −0.35, 
SE = 0.08, p < .0001) or legally segregated (fully adjusted 
estimate = −0.31, SE = 0.09, p < .001) school, as well as when 
compared to their Southern counterparts attending a legally 

segregated school (fully adjusted model estimate  =  −0.20, 
SE = 0.08, p = .02).

Likewise, analyses by cognitive domains revealed a sig-
nificant residence at age 12*school segregation status inter-
action for level of semantic memory (fully adjusted Model 
estimate  =  −0.32, SE  =  0.14, p  =  .03), working memory 
(fully adjusted Model estimate = −0.33, SE = 0.15, p = .03), 
perceptual speed (fully adjusted Model estimate  =  −0.30, 
SE = 0.14, p = .02), and visuospatial ability (fully adjusted 

Northeast/Midwest Northeast/Midwest South South

Legally Desegregated Legally Segregated         Legally Desegregated Legally Segregated 

School School                                  School                       School

n
oiti

n
g

o
C

la
b

ol
G

r
of

s
n

ae
M

dets
uj

d
A

)sla
vret

ni
ec

ne
dif

n
oc

hti
w(

0.50

-0.50

0.25

0.00  

-0.25

Figure 1. Level of global cognitive functioning for early-life residence at 
age 12 by educational experience of school segregation.

Table 3. Associations of Region of Birth With Global Cognition and the Five Cognitive Domains

Global cognition Episodic memory Semantic memory Working memory Perceptual speed Visuospatial ability

Age −0.02 −0.03 −0.02 −0.01 −0.04 −0.02
(0.003, p < .0001) (0.004, p < .0001) (0.004, p < .0001) (0.005, p = .04) (0.004, p < .0001) (0.005, p < .0001)

Sex −0.07 −0.17 −0.03 −0.03 −0.15 0.28
(0.04, p = .10) (0.06, p = .004) (0.06, p = .63) (0.07, p = .62) (0.06, p = .01) (0.07, p = .002)

Education 0.05 0.03 0.06 0.05 0.06 0.05
(0.006, p < .0001) (0.007, p < .0001) (0.008, p < .0001) (0.009, p < .0001) (0.007, p < .0001) (0.008, p < .0001)

BMI −0.003 0.001 −0.007 −0.005 −0.0001 −0.006
(0.003, p = .45) (0.004, p = .80) (0.004, p = .12) (0.005, p = .31) (0.004, p = .84) (0.004, p = .23)

CVD-RF burden 0.01 0.03 −0.03 0.04 0.004 −0.04
(0.02, p = .65) (0.03, p = .34) (0.03, p = .36) (0.03, p = .26) (0.03, p = .90) (0.03, p = .25)

South born −0.22 −0.13 −0.33 −0.20 −0.35 −0.25
(0.04, p < .0001) (0.05, p = .01) (0.05, p < .0001) (0.06, p = .001) (0.05, p < .0001) (0.06, p < .0001)

Time*age −0.004 −0.004 −0.005 −0.003 −0.003 −0.002
(0.001, p < .0001) (0.001, p = .002) (0.001, p < .0001) (0.001, p = .0004) (0.001, p < .0001) (0.001, p = .001)

Time*sex −0.02 −0.03 −0.01 −0.02 −0.001 −0.006
(0.01, p = .07) (0.01, p = .02) (0.01, p = .23) (0.01, p = .09) (0.009, p = .92) (0.009, p = .51)

Time*education −0.002 −0.003 −0.003 −0.0001 −0.001 0.001
(0.001, p = .14) (0.002, p = .12) (0.002, p = .11) (0.001, p = .80) (0.001, p = .41) (0.001, p = .61)

Time*BMI 0.001 0.001 0.001 0.002 0.001 0.001
(0.001, p = .16) (0.001, p = .50) (0.001, p = .22) (0.001, p = .07) (0.001, p = .31) (0.001, p = .46)

Time*CVD−RF 
Burden

0.009 0.01 0.02 0.003 −0.0001 0.008
(0.006, p = .11) (0.007, p = .14) (0.007, p = .003) (0.006, p = .60) (0.004, p = .94) (0.004, p = .09)

Time*South born −0.007 −0.004 0.003 −0.01 −0.005 −0.006
(0.01, p = .50) (0.01, p = .79) (0.01, p = .82) (0.01, p = .15) (0.008, p = .57) (0.008, p = .43)

Note: BMI = Body mass index; CVD-RF = cardiovascular disease risk factor. Values are unstandardized coefficient (SE, p-value) from linear regression models with 
significance corrected for multiple comparisons at p < .01. Bolded terms and values denote variables of interest for this study, not significance levels.
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Model estimate  =  −0.31, SE  =  0.15, p  =  .04). Follow-up 
analyses in fully adjusted Models revealed that participants 
residing in the South at age 12 and reportedly attending a 
legally desegregated school had the lowest baseline levels 
of semantic memory and working memory compared to 
all other groups, i.e., when compared to their Northern 
counterparts also reportedly attending a legally desegre-
gated (semantic memory: fully adjusted estimate = −0.50, 
SE  =  0.11, p < .0001; fully adjusted working memory: 
estimate = −0.41, SE = 0.12, p  =  .0006) or a legally seg-
regated (semantic memory: fully adjusted estimate = −0.50, 
SE = 0.12, p = .0001; working memory: fully adjusted esti-
mate = −0.31, SE = 0.13, p = .02) school as well as other 
participants residing in the South at age 12 but attend-
ing a legally segregated school (semantic memory: esti-
mate  =  −0.31, SE  =  0.12, p  =  .009; working memory: 
estimate = −0.23, SE = 0.12, p = .06 although this last esti-
mate did not reach significance) (Figure 2).

As may be seen in Figure 2, follow-up analyses in fully 
adjusted Models for perceptual speed and visuospatial abil-
ity revealed that while participants residing in the South at 
age 12 who reported attending a legally segregated school 
had lower baseline levels on these two cognitive domains 
compared to participants residing in the Northeast/Midwest 
at age 12 and reportedly attending a legally desegregated 

school (perceptual speed: fully adjusted estimate = −0.33, 
SE  =  0.07, p < .0001; visuospatial ability: fully adjusted 
estimate = −0.26, SE = 0.07, p = .0008), participants resid-
ing in the South at age 12 who reported attending a legally 
desegregated school had the lowest baseline levels of cogni-
tive performance compared to participants residing in the 
Northeast/Midwest at age 12 and reportedly attending a 
legally desegregated (perceptual speed: estimate  =  −0.47, 
SE = 0.10, p < .0001; visuospatial ability: estimate = −0.40, 
SE = 0.11, p = .0005), or legally segregated school (percep-
tual speed: estimate = −0.31, SE = 0.12, p = .009; visuospa-
tial ability: estimate = −0.24, SE = 0.13, p = .06 although 
this last estimate did not reach significance).

Discussion
In this cohort study of approximately 500 older black 
adults without dementia at baseline, we investigated the 
association of early-life residence (i.e., at birth and at age 
12, separately) and educational experiences (i.e., school 
segregation), on levels of cognition and change in cognition 
over time. As hypothesized, being born and residing in the 
Southern United States (at least until age 12) was negatively 
associated with baseline levels of global cognition as well 
as semantic memory and perceptual speed after adjusting 

Table 4. Associations of Residence at age 12 With Global Cognition and the Five Cognitive Domains

Global cognition Episodic memory Semantic memory Working memory Perceptual speed Visuospatial ability

Age −0.02 −0.03 −0.01 −0.006 −0.04 −0.02
(0.003, p < .0001) (0.005, p < .0001) (0.005, p = .0006) (0.005, p = .26) (0.005, p < .0001) (0.005, p < .0001)

Sex −0.12 −0.21 −0.10 −0.07 −0.19 0.24
(0.05, p = .01) (0.06, p = .001) (0.07, p = .20) (0.07, p = .30) (0.06, p = .004) (0.07, p = .0008)

Education 0.05 0.04 0.07 0.04 0.07 0.04
(0.006, p < .0001) (0.008, p < .0001) (0.008, p < .0001) (0.01, p < .0001) (0.008, p < .0001) (0.009, p < .0001)

BMI −0.003 0.001 −0.007 −0.005 −0.001 −0.007
(0.003, p = .41) (0.004, p = .92) (0.005, p = .13) (0.005, p = .31) (0.005, p = .90) (0.005, p = .18)

CVD-RF burden 0.03 0.04 −0.02 0.06 0.03 −0.02
(0.02, p = .25) (0.03, p = .20) (0.03, p = .60) (0.03, p = .08) (0.03, p = .37) (0.03, p = .50)

South at age 12 −0.19 −0.07 −0.27 −0.21 −0.32 −0.25
(0.04, p < .0001) (0.06, p = .24) (0.06, p < .0001) (0.06, p = .001) (0.06, p < .0001) (0.06, p = .0001)

Time*age −0.004 −0.004 −0.005 −0.003 −0.003 −0.003
(0.001, p < .0001) (0.001, p = .0006) (0.001, p < .0001) (0.001, p = .0007) (0.001, p < .0001) (0.001, p = .0005)

Time*sex −0.02 −0.04 −0.02 −0.02 −0.006 −0.003
(0.01, p = .04) (0.01, p = .008) (0.01, p = .15) (0.01, p = .13) (0.009, p = .50) (0.01, p = .77)

Time*education −0.002 −0.003 −0.002 0.0001 −0.0001 0.001
(0.001, p = .25) (0.002, p = .12) (0.002, p = .33) (0.002, p = .70) (0.001, p = .76) (0.001, p = .45)

Time*BMI 0.001 0.001 0.001 0.001 0.001 0.001
(0.001, p = .17) (0.001, p = .51) (0.001, p = .19) (0.001, p = .12) (0.001, p = .34) (0.009, p = .38)

Time*CVD-RF 
Burden

0.01 0.01 0.02 0.003 0.002 0.008
(0.006, p = .08) (0.008, p = .12) (0.007, p = .001) (0.006, p = .63) (0.004, p = .67) (0.005, p = .10)

Time*South at 
age 12

0.004 0.004 0.02 −0.006 0.006 −0.003
(0.01, p = .74) (0.01, p = .77) (0.01, p = .14) (0.01, p = .62) (0.009, p = .51) (0.009, p = .73)

Note: BMI = Body mass index; CVD-RF = cardiovascular disease risk factor. Values are unstandardized coefficient (standard error, p-value) from linear regression 
models with significance corrected for multiple comparisons at p < .01. Bolded terms and values denote variables of interest for this study, not significance levels.
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for age, sex, years of education, BMI and CVD-RF bur-
den. Although not hypothesized, this finding extended to 
other domains of cognition to include lower baseline levels 
of working memory and visuospatial abilities after similar 
adjustments. Neither metric of early-life residence contrib-
uted to declines in cognition. While attending a segregated 
school at age 12 did not predict level or change in global 

cognition or any cognitive domain, there were significant 
interactive effects on cognition of segregated school sta-
tus and depending upon where the participant resided at 
age 12. Thus, older blacks reporting residence in the South 
at age 12 and attendance at a legally desegregated school 
demonstrated the lowest baseline levels of global cogni-
tion, semantic and working memory, compared to all other 
groups. Furthermore, this profile for participants attend-
ing a desegregated school in the South held for process-
ing speed and visuospatial ability in comparison to older 
blacks residing in the Northeast/Midwest, particularly 
those attending a legally desegregated school.

Results of this study contribute to the literature in sev-
eral important ways. First, early-life residence, being born 
and/or raised in the South more specifically, has been 
linked to other organ damage (e.g., Liu, Manly, Capistrant, 
& Glymour, 2015) as well as adverse brain outcomes 
regardless of race including late-life cognitive alterations 
(Liu, Glymour, et  al., 2015), dementia (Gilsanz, Mayeda, 
Glymour, Quesenberry, & Whitmer, 2017), stroke morbid-
ity, and stroke mortality (Feinleib et  al., 1993; Howard 
et  al., 2007; National Heart, 2015). Older black adults, 
however, bear a disproportionately greater burden of dis-
ease compared to older white adults (Howard et al., 2007; 
Liu, Manly, et al., 2015). We extend this work as it relates to 
an early-life residence in the United States to include within 
race behavioral distinctions in global cognition and distinct 
cognitive domains. This is in keeping with a study of older 
black adults self-reporting childhood birth and residence 
until age 19 (Hall, Gao, Unverzagt, & Hendrie, 2000) that 
found an increased risk of Alzheimer’s disease on their out-
come of interest only when coupled with birth and early-
life residence in rural (versus urban) areas primarily of the 
United States South. While results by cognitive domain 
suggest an independent effect of Southern birth across all 
cognitive domains, residence at age 12 was not associated 
with episodic memory. This may suggest a less potent effect 
of this region over time on this particular cognitive domain. 
On the whole, however, our work and the work of others 
investigating within race distinctions suggests that there is 
something unique about the experiences of blacks born and 
growing up in the Southern region of the United States.

Race-based comparison studies have shown that early-
life educational experiences for blacks including state gov-
ernmental influences (Sisco et  al., 2015) such as school 
funding (Crowe et  al., 2013), as well as classroom char-
acteristics (Crowe et al., 2013; Liu, Glymour, et al., 2015; 
Sisco et  al., 2015) not only differ from whites, but may 
help to explain differences in early-life educational qual-
ity as it relates to racial disparities in late-life cognition. 
Thus, our second contribution to the literature on this 
topic is to extend these educational considerations to 
include within race distinctions in the experience of school 
segregation as an additional factor associated with cogni-
tion for older black adults. Previous work has reported 
on the negative effect of segregation on spatial abilities, 
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Figure 2. Level of domains of cognitive functioning for early-life resi-
dence at age 12 by educational experience of school segregation.
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language and perceptual speed in a sample of black adults 
from the Northeast (Aiken-Morgan et  al., 2015), one of 
the first regions of the United States to enact desegrega-
tion policies post Brown v. Board of Education. Our pro-
files of cognition point toward similar results for worse 
visuospatial abilities and perceptual speed not only in older 
blacks reportedly residing in the South at age 12 attending 
segregated schools compared to Northeast/Midwest par-
ticipants attending desegregated schools, but, surprisingly 
expanded the finding to older blacks reportedly residing in 
the South at age 12 attending legally desegregated schools 
compared to Northeast/Midwest participants regardless 
of school segregation status. Furthermore, our results also 
revealed that older blacks reportedly residing in the South 
at age 12 and attending a legally desegregated school had 
the lowest baseline levels of performance across other cog-
nitive domains including semantic and working memory. 
While our study and others’ (Aiken-Morgan et al., 2015; 
Whitfield, Allaire, & Wiggins, 2004) report the negative 
impact of early-life residential and educational experiences 
on levels of cognition in later life but not cognitive decline, 
future studies should nonetheless combine early-life resi-
dence with early-life educational experiences of school 
segregation when considering associates with late-life cog-
nition in older blacks.

We believe our results do not suggest that desegregation is 
bad for cognition, rather, given the time of desegregation for 
our participants residing in the South in and around 1954, 
context is key. Blacks age 65 and older born and residing in 
the South during the majority of their schooling may have 
had early-life and educational experiences including desegre-
gation and the discrimination and chaos that accompanied 
it de facto if not de jure (Fairclough, 2006) that negatively 
affected their level of cognitive functioning in later life. While 
beyond the scope of this study, underlying mechanisms to 
explain these associations may be found in the literature. We 
(Barnes, Lewis, et  al., 2012) and others (Zahodne, Manly, 
Smith, Seeman, & Lachman, 2017) have investigated the 
relationship between perceived discrimination and late-life 
cognitive functioning. Additionally, perceived discrimination 
has been shown to negatively affect vascular health (Lewis 
et  al., 2009) and associated inflammatory processes inde-
pendent of vascular health (Lewis, Aiello, Leurgans, Kelly, 
& Barnes, 2010). Thus, older blacks who attended legally 
desegregated schools in the South may have experienced a 
radical early-life transformation and with it, significant dis-
crimination (Fairclough, 2006). Thus, these individuals, may 
have simultaneously experienced increases in inflammatory 
processes detrimental to brain health and associated cogni-
tive functioning (Nilsson, Gustafson, & Hultberg, 2011). 
Given that racial discrimination has been shown to have a 
prolonged effect on cardiac health (Hoggard et  al., 2015) 
and longevity (Barnes et al., 2008), the possibility that early-
life educational experiences of desegregation in the South, 
may have a lasting impact on the underlying inflammatory 
mechanisms associated with brain health and cognitive func-
tioning is possible.

Other possible mechanisms for our results that may also 
affect cognition for individuals reporting early-life resi-
dence in the South more generally include lower socioeco-
nomic conditions in this region of the United States, and 
exposure to environmental toxins. Lower SES may result in 
undernutrition, an early-life influencer of late-life cognition 
(de Rooij, Wouters, Yonker, Painter, & Roseboom, 2010). 
Additionally, exposure to environmental toxins may have 
occurred through chemicals used in the primarily agrarian 
society of the South in the early 1900s (Hall et al., 2000), or 
poor water quality that may have contained levels of trace 
minerals known to negatively affect Alzheimer’s dementia 
(Sun, 2017). Additional work investigating these potential 
mechanisms is needed.

This study has several strengths and also some limitations 
that should be highlighted. Participants in our study showed 
relative stability in self-reported residency throughout early-
life commensurate with previous reports in similarly aged 
minority population studies (Liu, Manly, et al., 2015) allowing 
us to have confidence that our study is addressing the role of 
at least a 12-year duration of early-life residence exposure on 
late-life cognition. The fact that all participants are now living 
in the Chicago area suggests that their migration may have 
occurred later in life and affected cognition at a later date. The 
comprehensive nature of our cognitive assessment allowed us 
to discuss domain-specific effects of early-life residence and 
educational experiences on cognition. Our inclusion of a brief 
reading test in the semantic memory composite does suggest 
that educational quality may be embedded in this composite 
score somewhat biasing those results; however, other domains 
of cognition devoid of this variable were also associated with 
early-life and educational experiences. While we adjusted for 
several variables thought to confound our effect of interest, 
additional variables including perceived discrimination, psy-
chological stress, and childhood SES were not accounted for 
and may help to explain our results.

Lastly, while early-life residence and educational expe-
riences for participants representing the Southern region 
were widespread across several southern states, not sur-
prisingly, the majority of participants representing the 
Northern/Midwestern region were from the state of Illinois 
suggesting less regional representation for Northern/
Midwestern participants than their Southern counterparts 
(Supplementary Table 2). Thus, future work may wish to 
explore whether the associations between early-life resi-
dence, educational experience, and cognition vary by states 
within the South, Northwest, or Midwest given that his-
torical events, physical and social characteristics of context, 
and legislative policies may differ and have unique influ-
ences based on particular locations.

In conclusion, being born or residing in the South at 
least until age 12 are two early-life residence metrics asso-
ciated with lower levels of baseline cognitive functioning, 
regardless of domain, in older black adults. Furthermore, 
residence at age 12 and the educational experience of seg-
regation interacted, resulting in the worst outcomes for par-
ticipants living in the South reportedly attending a legally 
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desegregated school. Interestingly, these early-life markers 
were only associated with level of cognition and not change 
in cognition over time, suggesting that early life experiences 
have a negative affect on test-taking skills that affect where 
a person starts, but may not necessarily be a marker of dis-
ease leading to cognitive decline. Even if not a marker of dis-
ease, however, they nonetheless influence the point at which 
individuals begin their course of decline toward pathological 
aging, perhaps lowering the threshold for meeting criteria 
for dementia. Thus, providers working with older blacks in 
the United States need to quantify not only years of educa-
tion and/or reading levels of their patients, but also probe 
early-life residence and educational experiences in order to 
fully understand the role of their patient’s historical context 
on the foundation of his or her cognitive health.
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