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Objective: Explore interactive relations of lifetime discrimination burden and racial discrimination—
chronic stressors among African Americans (AAs)—and age with MRI-assessed white matter lesion
volume (WMLV), a prognostic indicator of poor clinical brain health outcomes. Method: AAs (N ! 71;
60.6% female, mean age ! 50) participating in the Healthy Aging in Neighborhoods of Diversity across
the Life Span (HANDLS) SCAN study underwent quantitative magnetic resonance imaging coded for
WMLV. Participants self-reported lifetime discrimination burden and racial discrimination approximately 5 years earlier. Multivariable regression models assessed interactions of linear and quadratic
effects of discrimination and age with WMLV adjusted for sex and socioeconomic status. Results:
Findings revealed significant interactive relations of age and (a) quadratic, lifetime discrimination
2
burden, B ! .05, p ! .014, "partial
! .092, and (b) quadratic, racial discrimination, B ! .03, p ! .001,
2
! .155, with WMLV. Among older AA, increases in lifetime discrimination burden and racial
"partial
discrimination were associated with increases in WMLV (ps # .03); in younger AA, decreasing levels
of racial discrimination were related to increases in WMLV (p ! .006). Conclusions: Among older AA,
as lifetime discrimination burden and racial discrimination increased, so did WMLV. However, in
younger AA, decreases in racial discrimination were associated with increased WMLV. Elucidation of
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complex mechanistic underpinnings, including potentially differential impacts of the acknowledgment
versus suppression or underreporting of discriminatory experiences, among AA of different age cohorts,
is critical to understanding the present pattern of findings.
Keywords: discrimination/racial discrimination, age, racial/ethnic minorities, subclinical cerebrovascular
disease, white matter lesion volume (WMLV)
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Compared with other racial and ethnic groups in the United
States, African Americans experience a disproportionate burden of
poor brain clinical health outcomes, particularly earlier in adulthood (Harwood & Ownby, 2000; Mozaffarian et al., 2016). For
instance, African Americans have almost twice the risk of an initial
stroke compared with Whites and by 2032 are expected to experience a 134% increase in stroke compared with a 91% increase in
Whites (Elkins & Johnston, 2003; Gillum, Kwagyan, & Obisesan,
2011; Morgenstern, Spears, Goff, Grotta, & Nichaman, 1997).
This disparity in stroke risk is most striking in midlife; compared
with Whites, African Americans are two to five times more likely
to experience a stroke before the age of 55 and three to four times
more likely to experience a stroke at 45 years of age (Centers for
Disease Control & Prevention [CDC], 2017; Morgenstern et al.,
1997). African Americans are also at greater risk for dementia
compared to Whites, American Indians/Alaskan Natives, Pacific
Islanders, and Asian and Latino(a) Americans (Harwood & Ownby,
2000; Tatemichi et al., 1992). In a 14-year U.S. study including
these six racial and ethnic groups, dementia incidence was highest
for African Americans who had a 65% greater risk compared with
Asian Americans, for whom incidence was lowest (Mayeda, Glymour, Quesenberry, & Whitmer, 2016). African Americans are
also at greater risk for cognitive decline earlier in adulthood,
evidencing four times greater risk for impairment at younger ages
(i.e., 55– 64) compared with Whites (Alzheimer’s Association,
2010).
African Americans also have worse subclinical brain health on
markers identified as robust, prognostic indicators of future stroke,
dementia, and cognitive decline. One such marker, white matter
lesion volume (WMLV), is commonly derived from brain magnetic resonance imaging (MRI; Brickman et al., 2008). WMLV
represents diffuse areas of nonspecific injury indicating cerebral
small vessel disease (Schmahmann, Smith, Eichler, & Filley,
2008). WMLV is a particularly pertinent indicator of future brain
pathology: Higher WMLV increases risk for and precedes vascular
events, deteriorates neurocognitive functioning, and contributes to
risk for dementia across adulthood (de Groot et al., 2002; Debette
& Markus, 2010; Smith et al., 2008; Vermeer et al., 2003). Of note,
risk for WMLV increases with age and is particularly prevalent at
older ages (Habes et al., 2016; Raz & Rodrigue, 2006). However,
compared with other racial and ethnic groups, African Americans
are more vulnerable to earlier and greater severity of white matter
disease (Liao et al., 1997).
African Americans bear a disproportionate burden of vascular
risk factors, including smoking, obesity, diabetes, systolic and
diastolic blood pressure, and pulse pressure (Hozawa, Folsom,
Sharrett, & Chambless, 2007; Liao et al., 1997; Pathak & Sloan,
2009), which are predictors of poor subclinical (e.g., WMLV) and
clinical brain health outcomes such as stroke (Simons, McCallum,

Friedlander, & Simons, 1998; Tiehuis et al., 2008). However, the
enhanced burden and earlier onset of poor brain health outcomes
observed in African Americans has not been fully accounted for by
other sociodemographic (e.g., age, education) or traditional (e.g.,
smoking, obesity, or blood pressure) vascular risk factors (Tang et
al., 2001). Prospective studies have demonstrated that self-reported
chronic stress—arising from specific types of stressors such as
empty nest status or the midlife transition—is associated with poor
clinical and subclinical brain endpoints including atrophy and
WMLV (e.g., Duan et al., 2017; Johansson et al., 2012). Similarly,
chronic stress due to racial and ethnic bias, which is known to be
more prevalent among and deleterious for African Americans, may
partially underlie the observed racial and ethnic disparities in brain
health endpoints (Alzheimer’s Association, 2016). Indeed, an extensive literature has theorized racial discrimination as a chronic
stressor for African Americans (e.g., Clark, Anderson, Clark, &
Williams, 1999) citing numerous negative health implications of
exposure to these events in one-on-one interactions.
With respect to brain health outcomes, a single, prospective
study of 6,508 middle-aged to older White, Black, Hispanic, and
Chinese adults recently reported that lifetime discrimination and,
to a lesser extent, everyday discrimination predicted incident cardiovascular events, including stroke (Everson-Rose et al., 2015).
To our knowledge, whether self-reported lifetime discrimination
burden or racial discrimination are associated with MRI-assessed
subclinical brain health outcomes has not been investigated. Although both lifetime discrimination burden and racial discrimination can reflect chronic experiences of unfair treatment encountered in interpersonal interactions, lifetime discrimination burden
encompasses experiences arising for any reason, whereas racial
discrimination encompasses those experiences arising explicitly
because of race or ethnicity (Essed, 1991; Williams, Yu, Jackson,
& Anderson, 1997). Thus, lifetime discrimination burden is assessed in a context of general unfairness, and racial discrimination
is assessed in a more specific context of unfairness underscored by
power differentials driven by the sociohistorical implications of
race and ethnicity. The negative health implications of both experiences of unfairness have been substantiated by a wealth of
empirical data (see reviews by, e.g., Paradies et al., 2015; Pascoe
& Smart Richman, 2009).
Here, we examine both racial discrimination and lifetime discrimination burden for two reasons. First, although racial discrimination in interpersonal interactions is typically conveyed through
discriminatory practices and behaviors, it is considered a specific
and unique form of discrimination. Indeed, acts related to one’s
race or ethnicity versus those related to some other reason—
unrelated to the sociohistorical demarcation of stigmatized minority racial and ethnic status in this country— have a qualitatively
and quantitatively different meaning for the target (Krieger, 2014;
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Shariff-Marco et al., 2011). Experiences of racial discrimination
across settings (e.g., work, school, obtaining housing) that individuals traverse can lead to exclusion, rejection, and blocked
opportunities for advancement. Understanding the frequency of
such experiences and their linkage to health holds promise for
understanding disparities and providing entry points for policy
formation (Krieger, 2014). Second, we assess the lifetime discrimination burden as a way of gauging the collective weight of
experiences that an individual may not readily make a specific
attribution for but understands as mistreatment. Such an assessment may provide a better understanding of the implications of
both minute and more exceptional experiences together, from the
target’s perspective, considering their conceptualization of the impact
or burden of these events over the entirety of their life. The promise
of this focus— on both lifetime discrimination burden and racial
discrimination—is underscored by recent reviews (Krieger, 2014;
Lewis, Cogburn, & Williams, 2015) that have called for studies to
expand beyond a focus on single dimensions of discrimination to
concurrently assess multiple dimensions of this construct, particularly in the context of racial and ethnic disparities health research.
Few studies (e.g., Everson-Rose et al., 2015; Sims et al., 2012)
have done this in cardiovascular health research, and none have
done this in the context of brain health.
We further explored whether there were nonlinear associations
of self-reported lifetime discrimination burden and racial discrimination with WMLV. Some prior literature (Everage, Gjelsvik,
McGarvey, Linkletter, & Loucks, 2012; Krieger & Sidney, 1996;
Ryan, Gee, & LaFlamme, 2006) has demonstrated that similar to
increases in levels of self-reported racial discrimination and lifetime discrimination, decreasing levels may confer negative health
outcomes (e.g., coronary artery calcification, hypertension) among
African Americans. These findings have led researchers to posit
that there are also negative health effects of suppression or lack of
acknowledgment of experiences with racial discrimination in interpersonal interactions (Everage et al., 2012; Harrell, 2000;
Krieger & Sidney, 1996). Therefore, it is possible that the association between discrimination and WMLV is nonlinear.
We also considered whether the linkages of lifetime discrimination burden and racial discrimination to brain health endpoints
are patterned by age. Age has previously been conceptualized as an
indicator of cumulative stress exposure (Beatty Moody et al.,
2016; Gee, Walsemann, & Brondolo, 2012; Williams & Collins,
1995) that elucidates the accelerated onset of negative health
outcomes for particular groups. Thus, it is plausible that these
associations are more pronounced with increasing age due to
greater lifetime discrimination burden and racial discrimination. In
this regard, albeit equivocal, there is some evidence that older
African Americans do report greater discrimination, including
lifetime burden of discrimination (e.g., Sims et al., 2012) than their
younger counterparts (e.g., for review, see Paradies, 2006). At the
same time, it is important to consider the potential for age cohort
effects, given that African Americans from different generational
cohorts would have been exposed to various dimensions of discrimination at differing levels of intensity and frequency. Therefore, age-dependent differences in the linkage between lifetime
discrimination burden and racial discrimination with WMLV may
reflect, at least in part, generational cohort effects (Gee et al.,
2012). In addition, as noted earlier, there is a well-known increase
in risk of WMLV with greater age (Xiong & Mok, 2011), perhaps
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reflecting increased vulnerability of the brain to exposure-related
processes associated with adversity arising from social, environmental, and psychological conditions.
The purpose of the current study was to examine in a sample of
socioeconomically diverse, urban dwelling African Americans: (a)
linear and nonlinear associations of self-reported lifetime discrimination burden and racial discrimination to WMLV and (b)
whether age moderates these associations.

Method
Sample and Participants
Participants were drawn from the Healthy Aging in Neighborhoods of Diversity across the Life Span (HANDLS) SCAN study,
an investigation of race- and SES-related disparities in subclinical
brain health (Waldstein et al., 2017). HANDLS SCAN is an
ancillary study of the larger HANDLS investigation, a prospective
study of race- and SES-related health disparities among persons
living in 13 select neighborhoods in Baltimore, Maryland. In
addition to HANDLS parent study exclusions (see Evans et al.,
2010), HANDLS SCAN exclusions were a history of dementia,
stroke, transient ischemic attack, other neurological disease (e.g.,
multiple sclerosis), carotid endarterectomy, MRI contraindications
(e.g., indwelling ferromagnetic material), terminal illness (e.g.,
metastatic cancer), and HIV positive status. In total, of the 147
participants who met inclusion criteria for HANDLS SCAN, 85
were African American. The present study’s analysis sample consisted of the 71 HANDLS SCAN participants who self-identified
as African American or Black and had complete data for all
relevant sociodemographic (age, poverty status, education), discrimination (i.e., lifetime discrimination burden & racial discrimination), and MRI measures. This analysis sample had an age
range of 32.9 – 69.9 years.
The Institutional Review Boards of the University of Maryland
School of Medicine and University of Maryland, Baltimore
County approved the HANDLS SCAN study. Participants were
provided $50 for their participation in addition to reimbursement
of travel costs.

Measures
Sociodemographic characteristics. Age (in years), sex (0 !
female; 1 ! male), and socioeconomic status (SES) were assessed
at study entry (data collection 2004 –2009). SES was assessed
using a composite variable (0 ! higher SES; 1 ! lower SES) that
was derived from two measures: (a) dichotomous poverty status,
which was defined as an annual household income above or below
125% of the 2004 Federal poverty level relative to family size (0 !
nonpoverty; 1 ! poverty); and (b) dichotomous years of education
(0 ! greater than or equal to 12 years; 1 ! fewer than 12 years;
see Waldstein et al., 2017). Participants who were living above the
poverty level and who had greater than or equal to 12 years of
education were classified as higher SES. Conversely, participants
who were living below the poverty line, had fewer than 12 years
of education, or both were classified as lower SES.
Although optimal assessment of SES is more nuanced than a
dichotomy, HANDLS investigators based their initial area probability recruitment on a division of household income based on
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125% of the 2004 federal poverty level. The goal, which was
achieved, was to recruit sufficient numbers of participants below
and above 125% of the 2004 federal poverty level so that both low
and moderate incomes were well represented. During the initial
recruitment process, it was found that many HANDLS participants
could not estimate their annual incomes, had no way to estimate
their overall wealth, and were employed only sporadically (though
not necessarily in low-status positions). Consequently, our best
estimate of overall SES depends on the investigators’ initial ascertainment of poverty status and self-reported level of education.
Here, we dichotomized as # high school and ! high school to best
represent “low” and “high” levels of education in this sample. For
parsimony, it was also more straightforward to combine a dichotomized version of education with poverty status than the categorical education ratings provided by participants. Importantly, there
is no universally accepted measure of SES in health research.
Rather, SES measurement should be expected to vary across
studies according to the social group and outcomes of interest and
what is feasible to measure, among other considerations (Braveman et al., 2005).
Self-reported lifetime discrimination burden and racial
discrimination. Lifetime discrimination burden and racial discrimination were assessed at study entry. A single item was used
to assess the lifetime discrimination burden: “Overall, how much
harder has your life been because of discrimination?” Response
options for this item were 1 (not at all), 2 (a little), 3 (some), or 4
(a lot). This item was sampled from the MacArthur Major Experiences of Discrimination Questionnaire (The John D. and Catherine T. MacArthur Foundation Research Network, 2008), which
assesses discrimination across the lifetime. Furthermore, this item
was previously included in a three-item measure within the Jackson Heart Study Discrimination Instrument, which has been found
to have strong psychometric properties ($ ! .78; Sims, Wyatt,
Gutierrez, Taylor, & Williams, 2009). This item has previously
been used in health disparities research with racially/ethnically
diverse samples, such as in the Survey of Midlife Development in
the United Status (e.g., Friedman, Williams, Singer, & Ryff,
2009).
Racial discrimination was assessed with six items that inquired
about whether individuals had ever experienced racial discrimination at school, when getting a job, at work, when getting housing,
when getting medical care, or from police or in courts (Krieger,
1990). Respondents could reply yes (1) or no (0) to each of the 6
items. The possible scale range is 0 – 6, with a greater sum indicating greater racial discrimination. According to the scale’s author, items were designed to measure situations in which racial
discrimination is well-documented (Krieger, 1990). These six
items were initially introduced by Krieger (1990). They have been
extensively used in the epidemiological Coronary Artery Risk
Development in Young Adults study (CARDIA; e.g., Krieger &
Sidney, 1996), and have since been drawn upon in health disparities research with racially and ethnically diverse samples, including the subsequently developed Experiences of Discrimination
scale, which has strong internal consistency ($ ! .74) and test–
retest reliability (0.70; see Krieger, Smith, Naishadham, Hartman,
& Barbeau, 2005). In our sample, this scale had strong internal
consistency (Cronbach’s alpha ! 0.84).
Clinical variables. Clinical variables were assessed at study
entry during Wave 1. Hypertension was defined by self-reported

history, use of antihypertensives, and/or resting systolic or diastolic blood pressures !140 mmHg or !90 mmHg, respectively.
Levels of total serum cholesterol and fasting glucose were assessed
by standard laboratory methods at Quest Diagnostics (Chantilly,
VA; http://www.questdiagnostics.com). Blood samples were obtained from an antecubital vein after an overnight fast. Diabetes
was defined as a fasting blood glucose level of !126 mg/dl,
self-reported history, and/or use of relevant medications. Smoking
status and alcohol use were dichotomized as 0 (never used) and 1
(ever used), which included former and current users. Body mass
index was computed as weight divided by height squared (kg/m2)
using height and weight obtained via calibrated equipment. Waist
circumference was measured to the nearest 0.1 cm with a flexible
tape measure placed at the midpoint between the lower rib margin
and the iliac crest at the end of exhalation during normal breathing.
Depressive symptoms were assessed using the Center for Epidemiologic Studies-Depression 20-item scale (Radloff, 1977). Clinical diagnostic data were documented by a HANDLS physician or
nurse practitioner after a comprehensive physical examination and
medical history.
Data imputation was previously performed for specific HANDLS
variables with # 10% missing data within each race, poverty
status, and sex subgroup. Multiple linear regression (i.e., using
age, sex, race, and poverty status as predictors) was used for
imputation for the purpose of replicability. Of the clinical
variables used in the present study, data imputation was previously performed for depressive symptoms, waist circumference,
and total cholesterol. These imputed data were used in the
present statistical analyses.

MRI-Assessed (MRI) Lesion Volume
Cranial magnetic resonance images were obtained using a Siemens Tim-Trio 3.0 Tesla unit approximately 5 years (M !
1,942.43 days; SD ! 297.83) after their participation in HANDLS
Wave 3 (data collection 2009 –2013). Volumetric T1-weighted
magnetization-prepared rapid gradient-echo (MP-RAGE) images
covered the entire brain in the sagittal plane at 1.2 mm thickness
for a total of 160 slices (TR/TE/TI ! 2300/2.9/900 ms; FOV 25.6
cm) and were reformatted into axial sections. Axial fluid attenuated inversion recovery (FLAIR) images were obtained at a slice
thickness of 3 mm with no gap in two concatenated groups of 24
slices each for a total of 48 slices (TR/TE/TI ! 8000/71/2500 ms;
FOV ! 23 cm). A dual echo proton density (PD)/T2-weighted
were acquired at 3 mm thickness with no gap using turbo spinecho acquisition (TR/TE1/TE2 ! 6600/9.4/93 ms; FOV ! 23 cm;
turbo factor 7).
Structural MRI scans were preprocessed by removal of extracranial material on T1-weighted image using a multiatlas registration
based method (Doshi, Erus, Ou, Gaonkar, & Davatzikos, 2013),
followed by bias correction (Tustison et al., 2010). A supervised
learning based multimodal lesion segmentation technique was
applied to segment ischemic lesions (Zacharaki, Kanterakis,
Bryan, & Davatzikos, 2008). The method involved coregistration
of T1, T2, and FL scans, histogram normalization to a template
image, feature extraction, voxel wise label assignment using a
model that was trained on an external training set with manually
labeled ground-truth lesion masks, and false-positive elimination.
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The total white WMLV is calculated for each subject from the
segmented lesion mask.
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Analytic Plan
Descriptive analyses were conducted to assess means, standard
deviations, distributions, and linearity of variables. Multiple linear
regression was used to examine the independent and interactive
relations of age and both linear and quadratic lifetime discrimination burden and racial discrimination to WMLV using the Statistical Package for the Social Sciences. Specifically, to assess linear
associations of lifetime discrimination burden and WMLV, analyses were conducted by regressing WMLV on discrimination, age,
sex, SES, and the interaction of Age % Discrimination. In addition,
to assess nonlinear associations of lifetime discrimination burden
and WMLV, a quadratic term for discrimination and an interaction
of quadratic discrimination with age were entered into subsequent
regression models. This approach was also employed to assess
racial discrimination.
Significant interactions were probed using the PROCESS macro
for SPSS Version 2.16 (for the manual, see Hayes, 2013) to
examine simple effect. Furthermore, Johnson-Neyman technique
(Hayes, 2013; Johnson & Fay, 1950) was used to detect regions of
significance of the moderator for the conditional effect of the
predictor on the dependent variable, allowing a more precise
inspection of the effect of the moderator. The Johnson-Neyman
technique is commonly used to probe significant interactions when
the moderator is a continuous variable and may be preferable to
indiscriminate identification of values of the moderator (see Hayes,
2013).
Initial examination of the data revealed that the distribution of
WMLV was positively skewed (i.e., non-normally distributed),
violating the normality assumption of parametric statistical tests.
Natural-logarithmic data transformation resolved the skewness of
the distribution. The transformed variable was used in all primary
study analyses; however, in descriptive analyses and the related
table (see Table 1) the nontransformed term for WMLV is used.
Examination of the discrimination measures revealed positively
skewed distributions for lifetime discrimination burden and racial
discrimination. However, linear regression assumes that residuals
are normally distributed, but makes no assumptions about the
distribution of independent variables (Fox & Weisberg, 2011). As
such, it is usually unnecessary to transform an independent variable on the basis of its distribution (Babyak, 2004), and there is no
reason to suspect undue influence by outliers from the discrimination measures in the present analyses (Fox & Weisberg, 2011).
Therefore, the distributions of the lifetime discrimination burden
and racial discrimination were not transformed prior to analysis.
Sensitivity analyses. Subsequent analyses were conducted to
assess respective contributions of hypertension (0 ! absent, 1 !
present), diabetes (0 ! absent, 1 ! present), cigarette use status
(0 ! never used, 1 ! ever used), alcohol use status (0 ! never
used, 1 ! ever used), total cholesterol, body mass index, waist
circumference, and depressive symptoms as covariates in the
aforementioned models. Because of concerns about reduced statistical power, each sensitivity variable was compared one at a time
in separate regression analyses. This approach also allowed for
determining the likelihood of potential mediation effects, which
could be masked if all sensitivity variables were compared to-

Table 1
Participant Sociodemographic Characteristics and Self-Reported
Lifetime Discrimination Burden and Racial Discrimination
Descriptives (N ! 71)
Variable

M (SD)/n %

Range

Age
% female
% lower SES
% # 125% federal poverty level
Educational attainment (years)
Racial discrimination summary scorea
Ever experience discrimination . . .
At school?
When getting a job?
At work?
When getting housing?
When getting medical care?
From the police or in courts
Lifetime discrimination burden

50.58 (9.92)
60.6%
54.9%
43.7%
12.73 (2.64)
1.31 (1.59)

32.9–69.4
—
—
—
3–20
0–6

11.3%
31.0%
39.4%
14.1%
7.0%
28.2%
2.00 (1.01)

—
—
—
—
—
—
1–4

Note. Lower SES ! lower socioeconomic status. Lower SES reflects
participants who were living below the poverty line (i.e., # 125% of the
2004 Federal poverty level relative to family size), had fewer than 12 years
of education, or both.
a
% Reflects participants affirming these experiences.

gether in one analysis. In addition, analyses were repeated excluding participants with a history of cardiovascular disease (i.e.,
coronary artery disease, myocardial infarction, or heart failure;
n ! 2) or kidney disease (n ! 2). Finally, in lieu of the SES
composite, all models were also run using poverty status. Poverty
status was assessed using family income as a function of household size. This variable was then dichotomized using the 2004
Federal poverty threshold line (e.g., $18,850 per year for a family
of four), where above poverty (0) was defined as having a family
income above 125% of the poverty threshold, and below poverty
(1) was defined as having a family income below or just above
(between 100% and 124%) the poverty threshold.

Results
As shown in Table 1, 71 African American participants comprised the present study’s sample. The participants included 43
women and 28 men whose ages ranged from 33 to 69 years (M !
50.58, SD ! 9.92), with a mean level of 12.73 (SD ! 2.64) years
of education, and 43.7% living below the poverty level. The
sample was considered overweight with an average body mass
index of 29.86 (SD ! 6.76). Over one third of participants was
diagnosed as hypertensive, and over one-tenth were diabetic. Two
participants reported a diagnosis of cardiovascular disease. Most
participants affirmed a burden of lifetime discrimination (62.0%)
and reported experiences with racial discrimination (53.5%). Lifetime discrimination burden was strongly correlated with the overall racial discrimination measure, r ! .68, p # .001, and with most
of the specific items comprising this measure (see Supplementary
Table 1). Neither measure of discrimination was significantly
related to WMLV, whereas lifetime discrimination burden was
positively associated with depressive symptoms, r ! .24, p ! .047.
Finally, greater WMLV was positively associated with greater age,
r ! .25, p ! .034, and greater total cholesterol, r ! .24, p ! .042.
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Supplementary Table S2 in the online supplementary material
contains means and standard deviations of WMLV, across age
tertile groups. A one-way analysis of variance was conducted to
compare the effect of age tertile groups on WMLV, which revealed
a significant effect, F(2, 68) ! 4.60, p ! .013. Subsequent analysis
with a Tukey post hoc test revealed that the mean WMLV of the
oldest age tertile (M ! 6.85, SD ! 2.10) was significantly greater
than the middle (M ! 5.64, SD ! 1.28) and youngest age tertiles
(M ! 5.67, SD ! 1.14) at the p # .05 level. There was not a
significant difference in WMLV between the middle and youngest
age tertiles.
Findings from the models that contained only linear discrimination terms revealed no significant associations of WMLV with
lifetime discrimination burden, B ! .04, p ! .844, age, B ! .05,
p ! .235, or the interaction of lifetime discrimination burden and
age, B ! .002, p ! .925. Likewise, findings from models that
contained only linear racial discrimination terms revealed no significant association of WMLV with racial discrimination, B ! .08,
p ! .510, or the interaction of racial discrimination and age,
B ! & .002, p ! .896. As expected, this model revealed a significant main effect of age, B ! .06, p ! .032, such that as age
increased WMLV increased.
Quadratic lifetime discrimination burden and racial discrimination terms and their interactions with age were added to subsequent
models. Findings revealed two significant two-way interactions of
Age % Quadratic Lifetime Discrimination Burden, B ! .05, p !
2
.014, "partial
! .092; and Age % Quadratic Racial Discrimination,
2
B ! .03, p ! .001, "partial
! .155 with WMLV (see Table 2). As
demonstrated in Figure 1, simple effects analyses indicated that,
among older African Americans (i.e., 60 years of age), as lifetime

Table 2
Curvilinear Multiple Regression Models Estimating 2-Way
Interactions for Lifetime Discrimination Burden2 % Age and
Racial Discrimination2 % Age With WMLV
Model predictors
Lifetime Discrimination
Burden2 % Age
Male sex
Lower socioeconomic status
Age!!
Lifetime discrimination
burden
Lifetime Discrimination
Burden % Age!
Lifetime discrimination
burden2
Lifetime Discrimination
Burden2 % Age!
Racial Discrimination2 % Age
Male sex
Lower socioeconomic status
Age!!
Racial discrimination
Racial Discrimination %
Age!!
Racial discrimination2
Racial Discrimination2 %
Age!!
!

p # .05.

!!

p # .01.

2
Unstandardized B SE p-value "partial

& .19
.59
.28

.40
.41
.10

.629
.157
.005

.004
.031
.116

& .71

.93

.453

.009

& .24

.10

.016

.089

.15

.19

.433

.010

.05

.02

.014

.092

& .36
.41
.09
.30

.38
.41
.03
.34

.349
.314
.002
.373

.014
.016
.148
.013

& .12
& .08

.04
.08

.002
.301

.141
.017

.03

.01

.001

.155

discrimination burden increased, WMLV increased, B ! .65, p !
.016. Subsequent findings, using the Johnson-Neyman technique,
revealed this association in particular between ages 55.7 to 69.4
years. The beta values increased and p values decreased incrementally with each increase in age above 55.7 years (these data are
available in Supplementary Table S3 in the online supplemental
material).
As demonstrated in Figure 1, simple effects analyses indicated
that, among older African Americans (i.e., 60 years old), as racial
discrimination increased, WMLV increased, B ! .22, p ! .024,
whereas among younger African Americans (i.e., 40 years old), as
racial discrimination increased, WMLV decreased, B ! & .41, p !
.006. Subsequent findings, using the Johnson-Neyman technique,
further revealed that as racial discrimination increased, WMLV
decreased between ages 58.6 years to 69.4 years. The JohnsonNeyman technique also revealed that as racial discrimination increased, WMLV decreased between ages 32.9 to 47.2 years (all
ps " .05). Again, the beta values increased and p values decreased
incrementally with each increase in age above 58.6 years and
decrease in age below 47.2 years (these data are available in
Supplementary Table S4 in the online supplemental material).
Notably, among middle-aged participants (i.e., 50 years old), there
were no significant associations of linear or quadratic lifetime
discrimination burden or racial discrimination with WMLV.
Finally, sensitivity analyses revealed that the aforementioned
findings all remained significant after further statistical adjustment
for the respective contributions of hypertension, diabetes, smoking, alcohol, total cholesterol, body mass index, waist circumference, and depressive symptoms (all ps # .05). In addition, the
results were not significantly changed when using the poverty
status variable as the SES indicator instead of the SES composite
variable (all ps # .05) or when excluding participants with diagnoses of a cardiovascular disease (all ps " .05).

Discussion
This study is the first, to our knowledge, to report a linkage of
discrimination to a subclinical brain endpoint. Here, we demonstrate that both self-reported lifetime discrimination burden and
racial discrimination are associated with WMLV, a robust, prognostic indicator of future stroke, dementia, and cognitive decline
for which African Americans carry a disproportionate burden. We
observed a nonlinear association of these forms of discrimination
to WMLV as a function of age. Specifically, the primary findings
are that (a) among older African Americans, as lifetime discrimination burden and racial discrimination increased, WMLV increased, whereas (b) among younger African Americans, as racial
discrimination increased, WMLV decreased. Notably, there were
no observed significant associations between lifetime discrimination burden or racial discrimination with WMLV among middleage African Americans. Altogether, these findings suggest that
lifetime discrimination burden and racial discrimination—two established sources of chronic stress with particular salience among
racial and ethnic minorities—are implicated in the disproportionate burden of poor brain health observed in African Americans.
The primary current findings extend prior evidence in at least
three ways. First, prior reports have prospectively linked various
forms of chronic stress to brain volume endpoints (e.g., Aggarwal
et al., 2014; Gianaros et al., 2007; Johansson et al., 2012) in
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Figure 1. Panel figures demonstrating significant quadratic interactions of Lifetime Discrimination Burden2 %
Age and Racial Discrimination2 % Age associated with log white matter lesion volume.

samples that have been predominately White and older. Specific to
chronic stress and WMLV, findings have been mixed with some
studies reporting a positive association (Duan et al., 2017; Johansson et al., 2012) and others reporting null results (e.g., Aggarwal
et al., 2014; Gianaros et al., 2007). Inconsistencies in prior studies
may be due to high rates of cardiovascular disease in very old
samples (e.g., M ! 80 years of age; Aggarwal et al., 2014) or
limited inclusion of participants from minority racial and ethnic
groups (Gianaros et al., 2007), which may have obscured these
potential relations.
Second, these findings extend on prior work by establishing
associations of lifetime discrimination burden and racial discrimination—specific forms of chronic stress with potent impact in the
lives of African Americans—to WMLV. Here, we see between the
ages of 55 and 69 that associations between self-reported lifetime
discrimination burden and racial discrimination with WMLV are
significant and strengthen with increasing age for both measures of
interpersonal-level discrimination. For instance, at age 58.6 years
the unstandardized beta coefficient for racial discrimination on
WMLV is .17, but triples to .51 by age 69.4 years as the significance doubles. These findings further underscore the position that
the normative aging process may be compromised by exposure to
adversity that gets “under the skin,” perhaps accelerating aging
and/or shifting the aging process from normative to abnormal with
disease onset. Further, age may also be useful as a marker of
cumulative stress exposure, providing a lens into the way in which
stress burden may translate into poor brain health.
The present findings indicate that, in the present sample, age
moderation occurs at ages 56 and 59 for lifetime discrimination
burden and racial discrimination, respectively. This pattern broadly
overlaps with the time frame in which the epidemiological literature has shown the disproportionate emergence of clinical brain
disease, primarily stroke, among African Americans (Boan et al.,
2014; Howard et al., 2016). That is, prior reports indicate that
middle-age is the period in which the incidence of poor brain
health outcomes appear to be increasing among African Americans
compared to other racial and ethnic groups (e.g., Boan et al.,
2014). Although some studies have shown that onset of brain
health disparities in African Americans occurs as early as 45 years
of age (see Boan et al., 2014), this pattern also reaches into latter
middle-age (e.g., 55– 64 years of age; Howard et al., 2011) as well.
Thus, the present findings may suggest that discrimination exposure may contribute to racial brain health disparities during later
middle adulthood.

Similar patterns have also been noted for other indicators of
declining brain health, such as mild cognitive impairment and
dementia; that is, the onset of these indicators in African Americans is not limited to or primarily observed in older adulthood, but
rather during middle-age (e.g., see Alzheimer’s Association,
2010). In this regard, the current work extends the single prior
investigation linking discrimination to clinical cardiovascular disease endpoints including stroke in a racially and ethnically diverse
sample of middle-aged U.S. adults (Everson-Rose et al., 2015) by
explicating the contributions of discrimination as well as racial
discrimination to a subclinical brain health endpoint known to
presage stroke, and doing so in a sample of African Americans.
The third way the present results extend prior evidence stems
from our finding that among African Americans, as both age and
lifetime discrimination burden (or racial discrimination) increased
so did WMLV, which aligns with the concept of age-patterned
exposures and suggests a possible age cohort effect (Gee et al.,
2012). It is plausible that for African Americans in the United
States, increasing age is tantamount to having had greater opportunities for experiences with lifetime discrimination burden and
racial discrimination across the life course. Thus, age may be
useful as a marker of the cumulative exposure to lifetime
discrimination- and racial discrimination-related stress among African Americans, serving as a lens into their overall stress burden
and, in turn, the translation of these exposures into poorer brain
health.
It is also plausible that the forms and frequencies of particular
types of lifetime discrimination burden and racial discrimination
may differ across generations and also change across an individual’s life course (Gee et al., 2012). Our older participants were
born during the de jure segregation period in the United States
(pre-1954) and/or came of age during the Civil Rights Movement
(1954 –1968), which included a myriad of racially charged legal,
political, and social transitions that stretched over a decade. Historical and anecdotal accounts demonstrate this generation was
exposed to widespread discrimination, including racial discrimination, which was particularly hostile, aggressive, blatant, and
frequent in presentation (Collins & Margo, 2004; Southern Poverty
Law Center, 2011). However, our younger participants would have
come of age toward the end of this particularly tumultuous period
in which the residual effects of these earlier times continued but to
a lesser extent. This may have contributed to an age cohort effect.
In addition, through the lens of what has been referred to as
age-patterned exposures (Gee et al., 2012) to lifetime discrimina-
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tion burden and racial discrimination, it is possible that earlier
exposures reverberate across the life course and that the embodiment of those reverberations with a longer inculcation period have
a more pronounced impact.
Our second primary finding that increases in WMLV were
associated with decreases in self-reported racial discrimination in
younger African Americans is reminiscent of several related findings on self-reported racial and other forms of discrimination with
health demonstrated over the last two decades (Everage et al.,
2012; Krieger & Sidney, 1996; Ryan, Gee, & LaFlamme, 2006).
Specifically, prior reports (using largely linear modeling) have
demonstrated that African Americans—who were also younger- to
middle-aged adults—reporting that as reported levels of racial
discrimination decreased, risk for hypertension (Krieger & Sidney,
1996) and coronary artery calcification (Everage et al., 2012)
increased in the CARDIA study. These findings are unlikely to
indicate that experiencing interpersonal-level racial discrimination
is health-promoting or otherwise desirable. Rather, researchers
have interpreted these findings to indicate that African Americans
who affirm and acknowledge their experiences with racial discrimination may experience some benefit vis à vis labeling and identifying these stressful events (Krieger, 1990; Krieger & Sidney,
1996). In contrast, suppression or, lack of acknowledgment of
experiences with racial discrimination in interpersonal interactions, internalized racial discrimination, or belief in one’s immunity from experiencing or being impacted by racial discrimination
can elevate one’s risk for poorer health (Harrell et al., 2011;
Krieger & Sidney, 1996).
To our knowledge, the present study was the first to demonstrate
that an inverse association between racial discrimination and
health endpoints may be age-dependent, as this finding emerged
only in younger African American participants. This may point to
a potential style of coping that warrants further evaluation, particularly in light of the early linkage observed with WMLV. For
example, Harrell (2000) noted that the success of any given racial
discrimination-related coping style involves creativity and flexibility across different circumstances. Therefore, the present findings in younger African American participants may reflect, at least
in part, differences in flexible coping styles between those selfreporting lower versus higher racial discrimination. Other factors
to consider are whether younger African Americans equate acknowledgment of these experiences with a destabilization of their
locus of control, or with affirming and ascribing power to those
who seek to disempower them through these acts, or whether they
see these experiences as normative and a fact of their lives for
which no recourse or solutions are available.
In addition, the age-varying association between racial discrimination and WMLV among older and younger African Americans
may reflect age cohort effects. As described above, the older
participants in the present study were born prior to and came of age
during the Civil Rights Movement, and likely experienced particularly aggressive, hostile, and overt racial discrimination (Dovidio
& Gaertner, 2004). In contrast, the younger participants, who were
born following the Civil Rights Movement, may have been exposed to less overtly threatening, though not less distressing,
experiences of racial discrimination. As a result, the younger
African American participants may have required different strategies to effectively cope with increasingly nuanced experiences of
interpersonal-level racial discrimination (Dovidio & Gaertner,

2004), among them acknowledging and labeling these experiences
as such. Although speculative, these sociohistorical considerations
indicate that a generational cohort effect may be implicated, at
least in part, in the age-dependent effects observed in this study. It
is also conceivable that, among younger respondents, lower levels
of self-reported discrimination could be associated with greater
burden of other risk factors (e.g., behavioral avoidance) not measured herein, that are not present in the older respondents. Alternatively, younger African Americans who report experiencing
discrimination may have other protective resources (also not measured herein) that may be less evident among older African Americans reporting similar experiences.
The underlying environmental, neurobiological, psychosocial,
and behavioral mechanisms that mediate the linkages of selfreported lifetime discrimination burden and racial discrimination
as chronic stressors to brain endpoints, particularly WMLV, remain to be elucidated. Exposure to chronic stress has been associated with volumetric reductions in brain regions known to be
involved in biological stress responses (Blix, Perski, Berglund, &
Savic, 2013). Further, increases in acute stress-induced cardiovascular responses have been associated with increased greater levels
of subclinical cerebrovascular disease including WMLV (Waldstein et al., 2004). Another promising focus is the possible epigenetic intergenerational transmission of stress effects and subsequent greater disease risk susceptibility, particularly in groups
subjected to significant stressors such as historical atrocities (e.g.,
Bowers & Yehuda, 2016). Such work has mainly been conducted
in Holocaust survivors and their offspring (e.g., Yehuda et al.,
2016). However, extension to racial and ethnic disparities health
research, particularly among African Americans is relevant and
warranted given the sociohistorical backdrop against which their
disproportionate and protracted burden of disease is unfolding in
the United States. It is plausible that observed health disparities in
this group may not be an issue of ontogeny, but a recapitulation
driven by generations of substantial stress exposure. Thus, the
relative contributions of psychosocial, behavioral factors (e.g.,
smoking), and contemporary social determinants (e.g., SES) to
health may be better understood in a context which elucidates
biologically embedded intergenerational responses to unmitigated
and unremitting significant stress exposures.
Psychosocial factors may also yield indirect implications for
brain health via behavior. For instance, prior personal, vicarious,
and historical (e.g., “Mississippi appendectomies,” Henrietta
Lacks’ cells, or the Tuskegee Syphilis Experiment; Boston Women’s Health Collective, 1998; Skloot & Turpin, 2010; Washington,
2006) lifetime discrimination burden and racial discrimination
may serve as barriers to seeking and maintaining relationships with
the health care establishment. Medical mistrust should be considered as an ongoing threat to public health, particularly for health
endpoints (e.g., cognitive stability and decline) concerning aspects
of the body (e.g., brain) which have previously been demarcated as
indicators of inferiority for certain racial or ethnic groups (e.g.,
“scientific racism”; Dennis, 1995; Shockley, 1992). Comorbid
health factors could also serve as mechanistic pathways including
depression, smoking, and various cardiovascular and metabolic
risk factors. Although these were not explanatory factors in the
present cross-sectional analyses, consideration of longer term trajectories of these variables vis à vis self-reported lifetime discrim-
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ination burden and racial discrimination and brain health may
prove useful.
It is also plausible that discrimination acts upon brain health at
other levels, beyond interpersonal-level discrimination. Prior research has identified structural-level discrimination and racism as
deleterious sources of poor health among African Americans. For
example, de facto residential segregation, which remains pervasive
in urban communities throughout the United States (Bailey et al.,
2017), inherently reflects structural discrimination and racism. Importantly, historically disadvantaged groups such as African Americans are more likely to live in neighborhoods with higher levels of
residential segregation, which are typically characterized by greater
levels of environmental pollutants, limited or poorer quality of food
outlets, and increased availability of illicit or risky substances (Williams & Collins, 2001). Although not examined herein, it is conceivable that self-reported experiences of interpersonal-level discrimination are really nested within a broader system of discrimination
and racism that not only shape these interpersonal-level experiences but are also simultaneously shaping boarder structural processes which, altogether impact brain health. Further, longer exposure to such environments, may yield more pronounced brain
health deficits, which perhaps could be captured, in part, by greater
chronological age.
This present study has some limitations. The sample size (N !
71) was relatively smaller, thus limiting statistical power to detect
associations of interest. Next, participants may have under- or
overreported regarding their lifetime discrimination burden and
experiences with racial discrimination. The present study could not
evaluate whether self-reported lifetime discrimination burden and
racial discrimination contributed to changes in WMLV over time.
Self-reported lifetime discrimination burden and racial discrimination data were collected on average five years earlier than the
MRI data. Nevertheless, the findings demonstrate that self-reports
of lifetime discrimination burden and racial discrimination at an
earlier time point are related to future MRI markers of subclinical
disease in this sample. It would have been optimal to have measures of MRI and the indices of lifetime discrimination burden and
racial discrimination at both time points. However, it is important
to note that previous research has demonstrated that ratings of
discrimination experiences across various indices including the
racial discrimination measure utilized here, remain relatively stable across multiple measurement points (Borrell, Kiefe, DiezRoux, Williams, & Gordon-Larsen, 2013; Krieger et al., 2005;
Lewis et al., 2013). Future research should seek to capture longitudinal covariation in discrimination and brain structure. Additionally, the use of a single item to measure lifetime discrimination
burden is a limitation of this study, and future studies should seek
to use multiitem measures of lifetime discrimination. Finally,
given that cognitive assessments were only available for a subset
of the present analysis sample, we were unable to examine the
relation of WMLV to cognitive function in the present study.
Future studies should examine the present findings in relation to
cognitive function and decline. Also, participant recall of SESrelated information precluded more comprehensive assessment of
some SES indices as continuous variables.
This study had several strengths. The findings establish a temporal association, and this is similar to how prior work linking
chronic stress to MRI-assessed brain endpoints has been conducted
(Aggarwal et al., 2014). Mounting evidence demonstrates that
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MRI detects early, subclinical brain pathology that correlates with
concurrent functional status and is prognostic of future brain health
outcomes. The use of MRI may shed critical light on the wellestablished racial and ethnic disparities in both subclinical and
clinical cerebrovascular disease and other brain health outcomes.
This study examined a well-documented, chronic stressor for racial
and ethnic minorities in the United States. Although more general
measures of chronic stress allow us to assess such experiences
across racial and ethnic groups, it remains critical to assess events
that may be more particular to minority groups. Further, the assessment of age as a moderator of the relations of lifetime discrimination
burden and racial discrimination to MRI outcomes allows us to better
understand how two sources of stress may exacerbate each other to
impact brain health. Finally, the present study’s significant findings
did not attenuate after the addition of sensitivity variables that are
known to correlate with stroke risk.
In this study, we have shown the first evidence of a linkage
between lifetime discrimination burden and racial discrimination,
age, and WMLV in the brains of African Americans living in an
urban environment. We have not only reported that increases in
lifetime discrimination burden and racial discrimination to increments in WMLV is pronounced among older African Americans,
but among younger African Americans reporting more limited
experiences with racial discrimination. The interactive relation of
greater self-reported lifetime discrimination burden and racial discrimination with age in relation to greater WMLV may have
particular prognostic significance for poor clinical brain health
outcomes including stroke, dementia, and mild cognitive impairment (Smith et al., 2008; Vermeer et al., 2003). These findings
warrant further investigation to better understand the implications
of greater WMLV for this group in terms of future clinical events.
In that regard, the current findings may shed some light on the
disproportionate burden of clinical cerebrovascular disease (e.g.,
stroke) observed in African Americans. In other words, these
findings may have clinical implications given our knowledge of
this group’s epidemiological brain health profile and greater exposure to adversity arising from bias and a multitude of other
sources. Screening for exposure to various dimensions of discrimination may permit identification of African Americans at risk for
related adverse brain health outcomes. Another important next step
in understanding the complexity of these factors as they shape
African American health is to engage the broader system of
structural racism and fully consider intergenerational processes,
which may create greater adversity exposure and greater disease
susceptibility. Such work may be particularly important and yield
great value for elucidating upstream processes and facilitating
policy implementation.
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Supplementary Table 1
Correlations among Discrimination Measures and Items (N = 71)

1. Lifetime discrimination burden
2. Racial discrimination scale (total score)
a. At school?
b. When getting a job?
c. At work?
d. When getting housing?
e. When getting medical care?
f.

From the police or in courts

1.

2.

2a.

2b.

2c.

2d.

2e.

2f.

1.00

.68**

.40**

.61**

.46**

.48**

.22

.50**

1.00

.58**

.81**

.77**

.66**

.50**

.63**

1.00

.34**

.35**

.24*

.25*

.27*

1.00

.64**

.52**

.29*

.33**

1.00

.34**

.23

.33**

1.00

.36**

.29*

1.00

.20
1.00

Note. * p < .05, ** p < .01. Variables 2a-f represent the individual items comprising the racial discrimination measure.
Point-biserial correlation coefficients and Pearson’s product moment correlation coefficients presented as appropriate.
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Supplementary Table 2
Descriptive Statistics for WMLV (Natural Logarithmic-transformed) by Age Group Tertile
Age tertile group

Mean

Standard deviation

Tertile 1 (n = 24) a

5.67

1.14

Tertile 2 (n = 24) b

5.64

1.28

Tertile 3 (n =23) c

6.85

2.10

a

Tertile 1=32.90-44.40 years

a

Tertile 2=44.41-54.40 years

a

Tertile 3=54.41-69.40 years
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Supplementary Table 3
Johnson-Neyman Results Depicting the Beta-Values for Ages at Which the Association Between
Quadratic-Lifetime Discrimination Burden and WMLV Transitions Between Statistically
Significant and Non-Significant.
Age (years)

Ba

SE

p

32.90

-.79

.43

.071

34.73

-.70

.40

.086

36.55

-.60

.36

.106

38.38

-.50

.33

.138

40.20

-.40

.30

.187

42.03

-.30

.27

.269

43.85

-.21

.25

.404

45.68

-.11

.22

.626

47.50

-.01

.21

.951

49.33

.08

.20

.668

51.15

.18

.19

.346

52.98

.29

.19

.156

54.80

.38

.20

.071

55.70

.42

.21

.050

56.63

.47

.22

.036

58.45

.57

.24

.022

60.28

.67

.27

.016

62.10

.76

.30

.012

63.93

.86

.33

.011
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65.75

.96

.36

.010

67.58

1.06

.39

.009

69.40

1.15

.42

.009

Note: Age-values at which the association between quadratic-lifetime discrimination burden and
WMLV are significant are shown in bold. Age-values at which the association between
quadratic-lifetime discrimination burden and WMLV transition between statistically significant
and non-significant are show in bold and italics.
a

Beta weights were obtained by centering the regression equation at each value of age.

Supplementary Table 4
Johnson-Neyman Results Depicting the Beta-Values for Ages at Which the Association Between
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Quadratic-Racial Discrimination and WMLV Transitions Between Statistically Significant and
Non-Significant.
Age (years)

Ba

SE

p

32.90

-.64

.21

.003

34.73

-.58

.19

.003

36.55

-.52

.17

.004

38.38

-.46

.16

.005

40.20

-.41

.14

.006

42.03

-.35

.13

.009

43.85

-.29

.12

.015

45.68

-.24

.10

.027

47.17

-.19

.09

.050

47.50

-.18

.09

.058

49.33

-.12

.08

.150

51.15

-.06

.08

.408

52.98

-.01

.07

.935

54.80

.05

.07

.483

56.63

.11

.08

.162

58.45

.17

.08

.053

58.56

.17

.08

.050

60.28

.22

.09

.021

62.10

.28

.11

.010

63.93

.34

.12

.006

65.75

.40

.13

.004
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67.58

.45

.15

.003

69.40

.51

.17

.003

Note: Age-values at which the association between quadratic-racial discrimination and WMLV
are significant are shown in bold. Age-values at which the association between quadratic-racial
discrimination and WMLV transition between statistically significant and non-significant are
show in bold and italics.
a

Beta weights were obtained by centering the regression equation at each value of age.
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