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Racial disparities in cognitive performance exist across the life course, but it is not known whether
mediators of disparities differ by age. Understanding sources of cognitive disparities at different ages can
inform policies and interventions. Data were obtained for non-Hispanic Black and White respondents to
The National Survey of Midlife Development in the United States from 3 age groups: 28–44 (N � 1210;
20% Black); 45–64 (N � 2693; 15% Black); and 65–85 (N � 1298; 11% Black). Moderated mediation
models characterized direct and indirect effects of race on episodic memory and executive function
composite scores through economic, health, and psychosocial variables as a function of age group.
Education, income, chronic health conditions, and external locus of control mediated cognitive disparities
across the life course, although income was a stronger mediator at younger ages. Perceived discrimina-
tion was a weaker mediator among young adults due to an absence of racial differences in perceived
discrimination in that group. Despite multiple indirect effects, there were still significant unexplained
effects of race on cognition that were not moderated by age group. Interventional work is needed to
determine whether increasing educational attainment and income, and reducing chronic health conditions
and perceived constraints among Blacks, reduce cognitive disparities. Targeting income inequality and
discrimination (or buffering the impact of those variables) may be differently effective at reducing
cognitive disparities at different stages of the adult life course.
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Racial disparities in cognitive test performance have been doc-
umented across the life course (Manly & Mungas, 2015). Much of
the research on cognitive disparities in adulthood has focused on
older adults, likely because cognitive impairment during late life is
a major public health burden, and substantial effort has been made
to obtain cognitive data on large, representative samples of racially
diverse older adults. In these samples, older African Americans
obtain lower scores on measures of global cognition than non-
Hispanic Whites (Castora-Binkley, Peronto, Edwards, & Small,
2015; Sloan & Wang, 2005). In studies that have examined spe-

cific cognitive domains, results indicate significant racial dispari-
ties across domains of episodic memory, semantic memory, exec-
utive functioning, working memory, perceptual speed, vocabulary,
and visuospatial function. (Brewster et al., 2014; Liu, Glymour,
Zahodne, Weiss, & Manly, 2015; Sisco et al., 2015; Wilson,
Capuano, Sytsma, Bennett, & Barnes, 2015).

Extant research suggests that racial disparities in cognitive out-
comes are multiply determined. Specifically, evidence from dis-
parate bodies of literature provides rationale for the overall hy-
pothesis that poorer cognitive outcomes among African Americans
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may be linked to socioeconomic, physical health, and psychosocial
factors. For example, African Americans in the U.S. attend fewer
years of school, on average, compared to non-Hispanic Whites
(Garibaldi, 1997), and more years of schooling is causally related
to better cognition decades later (Glymour, Kawachi, Jencks, &
Berkman, 2008). Similarly, African American families’ median
income is approximately 60% as high as non-Hispanic White
families’ median income, a disparity that has remained unchanged
since the 1960s (Bloome, 2014). Higher income is consistently
associated with higher cognitive status in adulthood (H. M. Gon-
zalez, Tarraf, Bowen, Johnson-Jennings, & Fisher, 2013; Goveas
et al., 2016). Accounting for racial differences in education and
income has been shown to attenuate racial disparities in cognitive
status (Mehta et al., 2004; Schwartz et al., 2004).

Cognitive disparities also appear to reflect underlying physical
health disparities. For example, African Americans have a higher
prevalence of diabetes (Chatterjee et al., 2014), hypertension (Ong,
Cheung, Man, Lau, & Lam, 2007), and other cardiovascular dis-
eases (Margellos, Silva, & Whitman, 2004) than non-Hispanic
Whites. These health conditions, particularly when assessed in
midlife, are associated with poorer cognitive functioning (Harrison
et al., 2014) via pathways such as cerebral hypoperfusion (Alosco
et al., 2013). African Americans also exhibit higher body mass
index (BMI) than non-Hispanic Whites across the life course
(Flegal, Carroll, Ogden, & Johnson, 2002), and higher BMI has
been linked to worse cognitive functioning (M. M. Gonzales et al.,
2012; Kantarci et al., 2002).

Finally, recent work has highlighted the role of psychosocial
factors in racial disparities in cognitive outcomes. For example,
higher levels of external locus of control among African Ameri-
cans compared to non-Hispanic Whites partially mediated racial
disparities in cognitive training outcomes in the largest random-
ized controlled trial conducted to date (Zahodne et al., 2015).
Specifically, African Americans are more likely than non-Hispanic
Whites to perceive environmental constraints that limit control
over life outcomes (Kelly, 2006; Mirowsky & Ross, 2007; Ross &
Mirowsky, 2013), and more perceived constraints have been
linked to lower cognitive performance later in life (Seeman,
McAvay, Merrill, Albert, & Rodin, 1996). In addition, African
Americans perceive more daily discrimination (i.e., unfair treat-
ment or personal rejection due to characteristics such as gender,
race, or physical appearance) than non-Hispanic Whites (Barnes et
al., 2004; Hausmann, Jeong, Bost, & Ibrahim, 2008). While the
amount of race-related variance in cognitive performance that can
be explained by this racial difference in perceived discrimination
has not yet been demonstrated, perceived discrimination has been
associated with worse cognition within African American adult
samples (Barnes et al., 2012; Thames et al., 2013).

Using two large data sets (including the National Survey of
Midlife in the United States) comprising adults aged 40–102, we
recently demonstrated that the magnitude of racial disparities in
cognitive function is smaller at older ages, likely due to selective
survival (Zahodne, Manly, Azar, Brickman, & Glymour, 2016).
However, it is not known whether the determinants of racial
disparities also vary as a function of age. Different mediators of
racial disparities at different phases of the adult life course may be
expected given that patterns of interaction with different societal
structures change over the adult life course, and the effects of
different risk factors accumulate over time at different rates. Un-

derstanding sources of cognitive disparities across the life course
can inform policies and interventions to reduce disparities. Spe-
cifically, it is possible that targeting different socioeconomic,
health, and psychosocial factors at different ages may lead to a
greater reduction of cognitive disparities. Unfortunately, research
studies on cognitive disparities typically focus on only one poten-
tial mediator or category of mediators (e.g., cardiovascular health)
in samples with a limited age range.

The current study adds to the literature in four important ways.
First, we provide formal tests of whether certain variables (e.g.,
perceived discrimination) mediate cognitive disparities by quantifying
race-related cognitive variance that is explained by each of the socio-
economic, physical health, and psychosocial factors. Second, we
consider multiple potential mediators from these different classes of
factors in the same model in order to clarify independent pathways
involving interrelated variables (e.g., education vs. income). Third, we
focus on two domains of cognition, since domain-specific effects may
hint at separable neural mechanisms. Finally, we include a broad
range of ages (28–85) and formally test for moderation by age group
to explore the possibility that cognitive disparities are differently
determined across the adult life course.

The overall goal of the current project was to characterize the
socioeconomic, physical health, and psychosocial mediators of
African American–White disparities in episodic memory and ex-
ecutive function performance across three broad stages of the adult
life course: early adulthood (ages 28–44), middle age (ages 45–
64), and late life (ages 65–85). We hypothesized that socioeco-
nomic variables (i.e., education, income) would similarly mediate
cognitive disparities across age groups, based on evidence that
socioeconomic conditions are a fundamental cause of disease,
broadly defined (Link & Phelan, 1995). The theory of fundamental
causes was developed to explain the persistent association between
socioeconomic status (SES) and health despite dramatic changes in
specific mechanisms linking SES and health (Phelan, Link, &
Tehranifar, 2010). According to the theory of fundamental causes,
SES affects multiple disease outcomes through multiple pathways
that change over time because it is associated with flexible re-
sources (e.g., knowledge, money, power, beneficial social connec-
tions) that can be used no matter what the risk and protective
factors are in a given circumstance (Link & Phelan, 1995). We also
hypothesized that health variables (i.e., number of chronic condi-
tions, BMI) would more strongly mediate cognitive disparities
later in life, when health conditions have accumulated, and the
brain exhibits age-related vulnerability. Finally, we hypothesized
that psychosocial variables (i.e., external locus of control, per-
ceived discrimination) would more strongly mediate cognitive
disparities in midlife, when individuals and their families have
high levels of interaction with societal structures such as the
workplace, where race-related environmental constraints and dis-
crimination are highly conspicuous.

Method

Data

Data for this cross-sectional study were drawn from the second
wave of the National Survey of Midlife Development in the United
States (MIDUS-II), including the Milwaukee oversample. MIDUS
is a sample of noninstitutionalized, English-speaking adults living
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in the 48 contiguous United States who were selected by random
digit dialing and originally recruited between January 1995 and
September 1996 (Brim, Ryff, & Kessler, 2004). The second wave
of MIDUS (MIDUS-II), which took place between January 2004
and August, 2005, was used in this study because it included a
cognitive battery, as described below. During this period, an ad-
ditional group of African Americans was recruited using a strati-
fied area probability sample of households in Milwaukee County,
Wisconsin. Census blocks were stratified by income.

Inclusion criteria for the current study were (a) self-reported
ethnicity of “non-Hispanic” and (b) self-reported race of either
“White” or “Black/African American” at the time of MIDUS-II. If
data on racial/ethnic identity were not available for the MIDUS-II
visit (16 participants), responses to the race/ethnicity questions
from the first wave of MIDUS were used. Note that Hispanics
were not included due to low representation in MIDUS-II. For
example, only 27 older adults self-identified as Hispanic. The final
sample included 4,405 non-Hispanic Whites and 796 African
Americans. Participants were separated into three groups repre-
senting major segments of the adult life course: early adulthood
(i.e., ages �44), midlife (i.e., ages 45–64), and late life (i.e.,
ages �65). Characteristics of the sample are shown in Table 1.

MIDUS was approved by the appropriate institutional review
board, including informed consent. In addition, the current sec-
ondary data analysis was approved by the institutional review
board of Columbia University Medical Center.

Cognitive Outcomes

Cognitive testing in MIDUS-II was carried out over the phone
with the Brief Test of Adult Cognition by Telephone (BTACT;
Lachman, Agrigoroaei, Tun, & Weaver, 2014). Previous explor-
atory and confirmatory factor analyses of the BTACT in
MIDUS-II revealed that it comprises two, moderately correlated
factors reflecting episodic memory and executive functioning
(Lachman, Agrigoroaei, Murphy, Tun, 2010). The episodic mem-
ory factor comprised Immediate and Delayed recall trials from the
Rey Auditory–Verbal Learning Test (Lezak, 1995; Rey, 1964).
The executive functioning factor comprised Category Fluency
(Borkowski, Benton, & Spreen, 1967; Tombaugh, Kozak, & Rees,
1999), Digit Span Backward (Wechsler, 1997), Number Series
(Salthouse & Prill, 1987; Schaie, 1996), the 30 Seconds and
Counting Task (Lachman et al., 2010), in which participants
counted backward from 100 as quickly as possible for 30 seconds,

Table 1
Characteristics of African American and Non-Hispanic White Participants

Variable
African American Non-Hispanic White Effect

Size pMean (SD) or % Mean (SD) or %

Young adulthood
N, % 246, 20.3 964, 79.7 — —
Age (28–44) 39.3 (2.9) 39.6 (3.2) .1 .130
Sex (% female) 65.0 54.5 .1 .003
Education (categories 1–12) 5.8 (2.0) 7.7 (2.3) .9 �.001
Annual household income (in thousands of dollars) 42.8 (44.1) 86.4 (60.8) .8 �.001
Body mass index 32.5 (15.3) 27.2 (5.7) .5 �.001
Chronic conditions (1–12) .9 (1.0) .5 (.8) .4 �.001
Daily discrimination (9–36) 14.0 (5.5) 13.3 (4.6) .1 .108
External locus of control (1–7) 3.1 (1.5) 2.6 (1.1) .4 �.001
Episodic memory �.1 (1.0) .4 (.9) .5 �.001
Executive functioning �.5 (.9) .6 (.8) 1.3 �.001

Middle age
N, % 401, 14.9 2292, 85.1 — —
Age (45–64) 53.8 (5.5) 54.1 (5.6) .1 .431
Sex (% female) 60.1 51.2 .1 .001
Education (categories 1–12) 6.3 (2.4) 7.3 (2.5) .4 �.001
Annual household income (in thousands of dollars) 43.4 (39.4) 82.0 (62.9) .7 �.001
Body mass index 32.2 (12.9) 28.3 (6.0) .4 �.001
Chronic conditions (1–12) 1.5 (1.4) 1.0 (1.1) .4 �.001
Daily discrimination (9–36) 15.0 (6.5) 12.7 (4.2) .4 �.001
External locus of control (1–7) 2.9 (1.4) 2.5 (1.1) .3 �.001
Episodic memory �.2 (.9) .1 (.9) .3 �.001
Executive functioning �.7 (1.0) .2 (.9) .9 �.001

Late life
N, % 149, 11.5 1149, 88.5 — —
Age (65–85) 71.7 (5.0) 72.2 (5.3) .1 .241
Sex (% female) 63.8 55.2 .1 .047
Education category (1–12) 5.1 (2.7) 6.7 (2.6) .6 �.001
Annual household income (in thousands of dollars) 31.5 (37.0) 43.3 (45.3) .3 .004
Body mass index 30.5 (15.3) 27.2 (4.9) .3 .018
Chronic conditions (1–12) 1.9 (1.7) 1.6 (1.3) .2 .014
Daily discrimination (9–36) 13.3 (5.7) 11.5 (3.4) .4 �.001
External locus of control (1–7) 3.1 (1.4) 2.7 (1.2) .3 .005
Episodic memory �.8 (1.0) �.4 (1.0) .4 .002
Executive functioning �1.3 (.9) �.5 (.9) 2.0 �.001
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and the Stop & Go Switch Task (Lachman et al., 2010), in which
participants switch responses of “stop” and “go” to experimenter
cues of “red” and “green.” In a subset of 299 participants, the
convergent validity of the BTACT was supported by significant
correlations between individual BTACT test scores and scores
obtained during a 90-min in-person assessment with a comprehen-
sive neuropsychological battery. Specifically, correlations ranged
from r � .41 to r � .55 (Lachman et al., 2014). Composite scores
for episodic memory and executive functioning were computed as
mean z-scores within each domain in the entire MIDUS-II sample.
In the overall sample of the current study, these cognitive com-
posites were significantly correlated (r � .44; p � .001).

Potential Mediators of Cognitive Disparities

Potential mediators of cognitive disparities were chosen from
among socioeconomic, health, and psychosocial variables col-
lected by MIDUS-II based on existing literature on cognitive
disparities and findings of significant racial differences in the
current sample. Bivariate correlations between the cognitive out-
comes and each of the potential mediators described below are
available in the supplemental table, where they are presented for
the overall sample as well as by age group.

Socioeconomic. Socioeconomic status was indexed by two
commonly used variables: education and income. Self-reported
education was quantified as a 12-category variable ranging from
“no school/some grade school” to “PhD, EdD, MD, DDS, LLB,
LLD, JD, or other professional degree.” Of particular relevance, a
value of 5 corresponds to “graduated from high school,” a value of
6 corresponds to “1 to 2 years of college, no degree yet,” a value
of 7 corresponds to “3 or more years of college, no degree yet,” a
value of 8 corresponds to “graduated from a 2-year college, vo-
cational school, or associates degree,” and a value of 9 corresponds
to “graduated from a 4- or 5-year college, or bachelor’s degree.”
Participants were asked to report annual household income in the
last calendar year from all sources, including wages, pensions,
social security, and government assistance. Prior to analysis, in-
come was separated into quintiles with the following values: 0 �
income less than or equal to 20,000; 1 � income between 20,001
and 41,250; 2 � income between 41, 251 and 66,500; 3 � income
between 66,501 and 102,500; 4 � income greater than 102,500. In
the overall sample of the current study, education and income were
significantly correlated (r � .37; p � .001).

Health. Physical health status was indexed by body mass
index (BMI) and self-reported chronic conditions. BMI was cal-
culated by dividing body weight in kilograms by height in meters
squared. Self-reported chronic conditions was the number of the
following 12 conditions: asthma/bronchitis/emphysema, joint/
bone diseases, thyroid disease, urinary/bladder problem, AIDS/
HIV, lupus/autoimmune disorder, high blood pressure/hyperten-
sion, diabetes/high blood sugar, neurological disorder, stroke,
ulcer, hernia. In the overall sample of the current study, BMI and
number of chronic conditions were correlated (r � .22; p � .001).

Psychosocial. Psychosocial experiences were indexed by per-
ceived discrimination and external locus of control. Perceived
discrimination was quantified as the sum of 9 Likert-type items
querying experiences of daily discrimination with the stem ques-
tion, “How often on a day-to-day basis do you experience each of
the following types of discrimination” (e.g., “You were treated

with less respect than other people;” “People act as if they think
you are dishonest”) (Essed, 1991; Williams, Yu, Jackson, & An-
derson, 1997). Scores can range from 9 to 36, with higher scores
corresponding to greater perceived discrimination. In the current
sample, reliability of these items was high (Cronbach’s alpha �
.92) and similar across racial groups (African American Cron-
bach’s alpha � .93; non-Hispanic White Cronbach’s alpha � .91).
If participants report any of these experiences, they are then asked,
“What was the main reason for the discrimination you experi-
enced?” and are given the following options: age, gender, race,
ethnicity or nationality, religion, height or weight, some other
aspect of your appearance, physical disability, sexual orientation,
or some other reason. Participants are allowed to identify more
than one reason. For the 2,563 participants who reported experi-
encing discrimination, Table 2 shows the proportion within each
age and race group who attributed their experiences to each reason.
Participants reporting any discrimination experiences are also
asked two questions assessing the impact of discrimination on a
four-point Likert-type scale: “Overall, how much has discrimina-
tion interfered with you having a full and productive life” and
“Overall, how much harder has your life been because of discrim-
ination.”

External locus of control was quantified with the Perceived
Constraints subscale of the Perceived Control scale (Lachman &
Weaver, 1998), which is the mean of 8 Likert-type items (e.g.,
“What happens in my life is often beyond my control”; “I some-
times feel I am being pushed around in my life”). Scores can range
from 1 to 7, with higher scores corresponding to more external
locus of control. In the overall sample of the current study, per-
ceived discrimination and external locus of control were signifi-
cantly correlated (r � .22; p � .001).

Statistical Analysis

Racial differences were described using t tests for continuous
variables and chi square tests for sex in SPSS version 22. Effect
sizes were computed as Cohen’s d for continuous variables and phi
(equivalent to Pearson’s r) for sex. Moderated mediation analyses
(Preacher, Rucker, & Hayes, 2007) were conducted separately for
episodic memory and executive functioning with structural equa-
tion models in Mplus version 7.4 (Muthén & Muthén, 1998–
2011). As shown in Figure 1, African American race was the
binary exposure, episodic memory or executive functioning com-
posite score was the outcome, and socioeconomic (i.e., education,
income), health (i.e., BMI, number of chronic conditions), and
psychosocial (i.e., daily discrimination, external locus of control)
factors were simultaneous mediators. The cognitive composite was
also regressed onto covariates (age in years, sex). In initial models,
the exogenous, three-category variable of age group (i.e., young
adulthood, midlife, late life) was allowed to moderate the indirect
path (product of “a” and “b” paths in Figure 1) via interactions
with the exposure (path “mod(a)” in Figure 1) and all mediators
(path “mod(b)” in Figure 1), as well as the direct path (path “c” in
Figure 1) via interactions with the exposure (path “mod(c)”). Final
models were refined by eliminating nonsignificant interactions,
and significant interactions were probed graphically. Model fit was
evaluated with the following commonly used fit indices: compar-
ative fit index (CFI), root-mean-square error of approximation
(RMSEA), and standardized root-mean square residual (SRMR).
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Both RMSEA and SRMR range from 0 to 1 with lower values
indicating better fit; CFI values range from 1 to 0 with higher
values indicating better fit. CFI � 0.95, RMSEA � 0.06, and
SRMR � 0.05 were used as criteria for adequate model fit (Hu &
Bentler, 1999).

Results

Racial Differences

Racial differences are shown in Table 1. Racial differences in
cognitive performance were significant in all age groups.
Across age groups, cognitive disparities were more apparent in
the executive function composite, as compared to the episodic
memory composite. A repeated measures analysis of variance
confirmed that this racial difference was significantly larger for
executive functioning, compared to episodic memory (F(1,

4220) � 83.0; p � .001). Significant racial differences were
identified for all of the potential mediators of cognitive dispar-
ities across all age groups, with the exception of a nonsignifi-
cant difference in perceived discrimination between African
American and non-Hispanic White young adults. As shown in
Table 2, African Americans in all age groups were more likely
than non-Hispanic Whites to attribute their experiences to their
race, ethnicity or nationality. Non-Hispanic Whites in all age
groups were less likely to identify a reason for their experi-
ences, as evidenced by significant racial differences in the
proportion of “refused” responses. In addition, African Amer-
icans in all age groups were more likely to affirm the perception
that discrimination interfered with their ability to have a full
and productive life (all ps � .001) and that life has been harder
because of discrimination (all ps � .001).

In the young adult group, the largest racial differences were in
education and income, followed by BMI. In the middle-aged

Table 2
Reasons for Discrimination Among Those Reporting Discrimination

Reason
African American Non-Hispanic White

Chi square P% %

Young adulthood
N, % 141, 57.3 452, 46.9 1.0 .314
Age 23.6 14.4 6.5 .011
Gender 22.1 34.5 7.6 .006
Race 73.0 9.1 239.3 �.001
Ethnicity or nationality 40.7 5.0 121.6 �.001
Religion 15.8 6.6 11.2 .001
Height or weight 25.0 19.2 2.2 .141
Other aspect of appearance 20.4 13.3 4.2 .039
Physical disability 10.9 1.8 23.4 �.001
Sexual orientation 9.4 4.0 6.2 .013
Other reason 14.7 19.2 1.4 .229
More than one 68.4 33.6 51.2 �.001
Refused 3.8 23.2 25.5 �.001

Middle age
N, % 237, 59.1 1161, 50.7 1.9 .165
Age 28.4 22.4 3.9 .047
Gender 23.2 25.3 .471 .493
Race 72.5 6.1 602.7 �.001
Ethnicity or nationality 44.9 2.9 383.4 �.001
Religion 8.1 5.8 1.765 .184
Height or weight 17.4 15.8 .4 .539
Other aspect of appearance 12.4 8.7 3.1 .076
Physical disability 9.4 3.4 16.9 �.001
Sexual orientation 5.1 1.8 9.2 .002
Other reason 13.8 16.3 .9 .344
More than one 64.9 27.1 123.8 �.001
Refused 6.1 31.4 62.6 �.001

Late life
N, % 75, 50.3 497, 43.3 1.1 .286
Age 18.9 27.0 2.2 .141
Gender 12.2 14.3 .2 .623
Race 67.6 4.2 237.3 �.001
Ethnicity or nationality 31.5 3.6 74.1 �.001
Religion 6.8 8.0 .1 .700
Height or weight 6.8 6.0 .1 .809
Other aspect of appearance 5.4 6.6 .2 .687
Physical disability 4.1 3.6 .0 .854
Sexual orientation 2.7 .8 2.2 .135
Other reason 6.8 13.7 2.8 .096
More than one 39.7 22.1 10.7 .001
Refused 19.2 44.3 16.6 �.001
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group, the largest racial difference was in income, followed by
education, BMI, chronic conditions, and daily discrimination. In
the late-life group, the largest racial difference was in education,
followed by daily discrimination. Overall, racial differences were
most consistent (i.e., all effect sizes above Cohen’s d of 0.3) in the
middle-aged group, although the largest effect sizes for individual
variables (i.e., education and income) were observed in young
adulthood.

Moderated Mediation Models

Results from tests of direct and indirect effects of race on the
cognitive outcomes are shown in Table 3. Compared to non-
Hispanic Whites, African Americans scored lower on both epi-
sodic memory and executive functioning composites, independent
of age and sex. Direct effects of African American race on both
cognitive outcomes (path “c” in Figure 1) remained significant
after accounting for the socioeconomic, health, and psychosocial
mediators. There was no evidence that age group moderated the
direct effects of race (path “mod(c)” in Figure 1) on episodic
memory or executive functioning.

As shown in Table 3, indirect effects (i.e., products of “a” and
“b” paths in Figure 1) of African American race through education,
income, and external locus of control were significant and inde-
pendent for both cognitive outcomes. Specifically, African Amer-
icans reported lower education, lower income, and higher external
locus of control than non-Hispanic Whites. In turn, lower educa-
tion, lower income, and higher external locus of control were each
independently associated with lower scores on the episodic mem-
ory and executive functioning composites. An additional indirect
effect through chronic conditions was significant for executive
functioning, such that African Americans reported more chronic
conditions than non-Hispanic Whites, and more chronic conditions
was associated with worse executive functioning performance.

Age group moderation of each specific indirect effect was tested
via interactions between African American race and the mediators
(“mod(a)” paths in Figure 1) and interactions between the medi-
ators and cognition (“mod(b)” paths in Figure 1). For both cogni-
tive outcomes, significant moderation was only identified via
“mod(a)” paths. Specifically, there were significant interactions
between age group and African American race in the prediction of
income (episodic memory model estimate � 0.437; SE � 0.073;
p � .001; executive functioning model estimate � 0.439; SE �
0.261; p � .001) and daily discrimination (episodic memory model
estimate � 0.789; SE � 0.261; p � .003; executive functioning
model estimate � 0.812; SE � 0.261; p � .002). In other words,

Table 3
Direct and Indirect Effects of African American Race on Cognition

Result

Episodic Memory Executive Functioning

Estimate (SE) p Estimate (SE) p

Total effect of race �.523 (.047) �.001 �1.001 (.044) �.001
Direct effect of race �.338 (.046) �.001 �.697 (.041) �.001
Total indirect effect of race �.185 (.024) �.001 �.305 (.026) �.001
Specific indirect effects of race

Education �.091 (.010) �.001 �.159 (.013) �.001
Income �.060 (.022) .008 �.098 (.021) �.001
Chronic conditions �.008 (.006) .168 �.028 (.006) �.001
Body mass index �.002 (.009) .775 .008 (.008) .303
Daily discrimination .000 (.001) .833 �.001 (.003) .824
External locus of control �.024 (.006) �.001 �.027 (.006) �.001

Model fit
CFI .997 .998
RMSEA .014 .014
SRMR .008 .006

Note. These final models controlled for age and sex and included age group by race interactions for income
and daily discrimination.

Figure 1. Moderated mediation model. Path “a” reflects racial differ-
ences in the levels of the six potential mediating variables: education,
income, body mass index, chronic conditions, daily discrimination, and
external locus of control. Path “b” reflects associations between the six
potential mediating variables and cognition. The indirect path is the prod-
uct of the “a” and “b” paths. The direct path (path “c”) reflects the
association between race and cognition independent of the mediators. The
exogenous, three-category variable of age group (i.e., young adulthood,
midlife, late life) was allowed to moderate the indirect path via interactions
with the exposure (path “mod(a)”) and all mediators (path “mod(b)”), as
well as the direct path via interactions with the exposure (path “mod(c)”).
Separate models were run for episodic memory and executive functioning.
All six potential mediating variables were included in each model.
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the strength of associations between African American race and
these variables (“a” paths in Figure 1) differed by age group. These
age group differences can be appreciated by comparing racial
differences in income and daily discrimination across age groups
in Table 1. For income, racial differences were largest in young
adulthood, smaller in middle age, and smallest at older ages. These
racial differences in income were significant for all age groups. For
daily discrimination, racial differences were significant for middle-
aged and older adults, but not younger adults.

In contrast, strength of associations between the mediators and
cognition did not differ by age group, as evidenced by no signif-
icant “mod(b)” paths. Therefore, the following “b” path results are
reported for the entire sample. Irrespective of age, higher income
was independently associated with better episodic memory (esti-
mate � 0.033; SE � 0.012; p � .006) and executive functioning
(estimate � 0.054; SE � 0.011; p � .001), but daily discrimination
was not independently associated with episodic memory (esti-
mate � �0.001; SE � 0.003; p � .791) or executive functioning
(estimate � �0.006; SE � 0.003; p � .069).

Figure 2 plots the specific indirect effects of African American
race on cognition through income and daily discrimination for
each age group. These indirect effects represent the product of “a”
and “b” paths in Figure 1. As shown, income significantly medi-
ated racial disparities in both cognitive outcomes in all three age
groups, as evidenced by the noninclusion of “0” in the 95%
confidence interval around all of the indirect effects plotted in
Figure 2. Indeed, both “a” and “b” paths involving income were
significant for both cognitive outcomes as noted above. The slopes
of the lines in Figure 2 correspond to the significant age group
moderation of the specific indirect effects as described above. As
shown, indirect effects through income were significantly stronger

(i.e., more negative) in younger age groups due to the larger racial
differences in income in these groups (i.e., stronger “a” paths).

As shown in Figure 2, daily discrimination was not a significant
mediator of racial disparities in either cognitive outcome in any
age group, as evidenced by the inclusion of 0 in the 95% confi-
dence interval around the indirect effects. Indeed, “b” paths in-
volving daily discrimination, which constitute half of the indirect
effects, were not significant for either cognitive outcome as noted
above. The slopes of the lines in Figure 2 correspond to the
significant age group moderation of the specific indirect effects as
described above. As shown, indirect effects through daily discrim-
ination were significantly smaller (i.e., closer to 0) in young
adulthood for both cognitive outcomes due to the absence of a
racial difference in daily discrimination (i.e., nonsignificant “a”
path) in this group, in addition to the lack of a significant associ-
ation between daily discrimination and cognition that was ob-
served in all age groups (i.e., nonsignificant “b” paths).

Discussion

The results of this cross-sectional study indicate that education,
income, chronic health conditions, and external locus of control
each significantly mediate racial disparities in cognition across the
adult life course. However, the pattern and strength of several
mediating relationships differed by age group and/or cognitive
domain. Specifically, chronic health conditions only mediated
racial disparities in executive functioning. Income was a stronger
mediator of both episodic memory and executive functioning
disparities in younger groups. In contrast, perceived discrimination
was a weaker mediator among young adults, although the indirect
effect of race on cognition through perceived discrimination did

Figure 2. Pure natural indirect effects of African American race on (a) episodic memory or (b) executive
functioning as a function of age group. Dotted lines correspond to 95% confidence intervals around the indirect
effect. Absence of overlap between the confidence interval and 0 indicates a significant indirect effect. Slopes
reflect significant age group moderation of each indirect effect.
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not reach significance for any age group. For both income and
perceived discrimination, age group moderated racial differences
in level of the mediator, but not associations between the mediator
and cognitive outcomes.

Education

The finding that education at least partially mediated racial
disparities in both cognitive domains across all age groups high-
lights the centrality of early life educational experiences to later-
life cognitive disparities. Lower mean educational attainment
among African Americans, compared to non-Hispanic Whites, has
been attributed to structural inequities (e.g., racial disparities in
socioeconomic background) (Donovan, 1984; Keith & Benson,
1992; Reynolds, 1989), as well as differences in achievement
beliefs. For example, African American youth are more likely to
receive negative environmental messages about the value of aca-
demic persistence and their own capabilities, which can lead to
negative achievement beliefs and lower educational attainment
(Chavous et al., 2003). Because educational attainment is linked to
such important resources as money, knowledge, prestige, power,
and beneficial social connections, educational disparities have
profound effects on a wide range of physical and mental health
outcomes that persist, and even accumulate, across the life course,
as articulated in the theory of fundamental causes (Crystal & Shea,
1990; Link & Phelan, 1995). Education is also a source of cogni-
tive stimulation, which may protect cognitive health independent
of economic resources. For example, cognitive stimulation related
to formal education could lead to improved strategy selection,
increased neural efficiency, and/or structural and functional reor-
ganization of brain networks (Barulli & Stern, 2013).

It should be noted that the importance of educational experi-
ences to cognitive disparities was likely underestimated in this
study because we only considered racial differences in educational
quantity, and not educational quality. Research has shown that
racial disparities in quality of schooling explain race-related vari-
ance in cognitive outcomes above and beyond years of school
(Manly, Jacobs, Touradji, Small, & Stern, 2002). This is because
years of school is not an equivalent measure of educational expe-
rience across racial groups, as African Americans are more likely
to have attended schools characterized by less funding, higher
student/teacher ratios, fewer special facilities, and shorter school
years than non-Hispanic Whites (Coleman, 1966; Hanushek, 1989;
Hedges, Laine, & Greenwald, 1994; O’Neill, 1990). These differ-
ences, in part, contribute to the observation that economic returns
to education are lower for African Americans than for non-
Hispanic Whites (Carliner, 1976). In addition to economic returns,
these differences in educational quality may also affect the degree
and/or quality of cognitive stimulation resulting from formal ed-
ucation for African Americans versus non-Hispanic Whites.

Income

Independent of education, income also partially mediated racial
disparities in both cognitive domains across all age groups, in line
with the theory of fundamental causes (Phelan et al., 2010), al-
though these effects were stronger in younger groups due to a
stronger association between race and income in younger adults.
After age 65, many adults in the U.S. retire and begin to collect

social security, which can reduce interindividual and intergroup
variability. Indeed, Table 1 shows that income variance in this
study was smallest in the oldest age group. This restricted range
may have contributed to the smaller role of income in mediating
cognitive disparities in this study. Income may also play less of a
role in late-life disparities due to Medicare, which allows more
universal access to high quality health care for older adults in the
U.S. Compared to income during late life, income during young
adulthood and middle age may also be more reflective of occupa-
tional characteristics (e.g., physical vs. cognitive demands), and
research has consistently linked occupation to cognitive function-
ing (Correa Ribeiro, Lopes, & Lourenço, 2013; Ihle, Oris, Fagot,
Maggiori, & Kliegel, 2016). Importantly, the association between
race and income was independent of education, which is consistent
with the observation of lower economic returns from education for
African Americans. Associations between income and both cog-
nitive domains were also independent of education, suggesting that
education and income likely contribute to cognitive health in
unique ways (e.g., cognitive stimulation vs. economic resources).

Physical Health

Consistent with the frequent observation that racial disparities in
health are attenuated at later ages (Crimmins, Hayward, & See-
man, 2004; Kim & Miech, 2009; Zahodne, Manly, Azar, Brick-
man, & Glymour, 2016), the racial difference in self-reported
number of chronic conditions in this study was twice as large in
young adulthood and middle age, as compared to late life (Cohen’s
d 0.4 vs. 0.2). Similarly, racial differences in BMI were largest in
young adulthood, smaller in middle age, and smallest but still
significant in late life. This narrowing of health disparities at later
ages is most frequently attributed to the higher mortality rate
observed for African Americans, which results in a smaller, more
highly selected subgroup of African Americans surviving to late
life, compared to non-Hispanic Whites. By definition, survivors
are hardier (i.e., more physically and/or mentally resilient) than
other members of their racial group who did not survive (Glymour,
Weuve, & Chen, 2008; Johnson, 2000).

Both BMI and number of chronic conditions were higher among
African Americans than non-Hispanic Whites in all age groups. Of
these health variables, only number of chronic conditions mediated
cognitive disparities, and this effect was specific to executive
functioning. This specificity to the domain of executive function-
ing may be due to the larger racial difference in the executive
functioning composite, compared to the episodic memory compos-
ite (i.e., Cohen’s d of 0.9-2.0 vs. 0.3-0.5 in Table 1). It should also
be noted that the chronic medical conditions variable, which
summed the presence/absence of 12 chronic conditions, is a rela-
tively coarse measure of health. It is possible that more precise,
objective measures of chronic illness burden (e.g., blood pressure
or an indicator of severity or length of disease) may have emerged
as significant mediators of racial disparities in episodic memory
performance. It is also possible that the executive functioning
composite used in this study, which included timed tasks and
working memory tasks, is more sensitive to chronic illness burden
than the episodic memory composite, which included an untimed
verbal word list learning task. In contrast to our hypothesis, we did
not find that health variables were stronger mediators of cognitive
disparities later in life. Rather, results suggest that chronic illness

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

125COGNITIVE DISPARITIES ACROSS ADULTHOOD



burden was similarly associated with worse executive functioning
across adulthood.

External Locus of Control

Independent of socioeconomic status and physical health, exter-
nal locus of control at least partially mediated racial disparities in
both cognitive outcomes. In contrast to our hypothesis, these
effects did not differ by age group. A previous study reported that
greater external locus of control among older African Americans
partially mediated racial disparities in cognitive benefits from
memory and reasoning interventions (Zahodne et al., 2015). The
current study extends these results to different cognitive outcomes
(i.e., levels of episodic memory and executive functioning perfor-
mance) in a wider age range (i.e., young adulthood to late life).

The extant literature suggests that African Americans exhibit
more external locus of control due to experiences of inequity and
racism, which can manifest in greater social and/or economic
constraints among African Americans, leading to demoralization
and fatalism (Kelly, 2006; Mirowsky & Ross, 2007; Ross &
Mirowsky, 2013). For example, retrospective, self-reported atten-
dance of a desegregated school, compared to a segregated school,
in childhood was associated with greater external locus of control
at age 58–74 in a sample of African Americans, presumably due
to race-based discrimination in this setting (Wolinsky et al., 2012).
Control beliefs have been linked to mid- and late-life cognitive
performance in cross-sectional (Agrigoroaei & Lachman, 2011;
Lachman, 1983, 1986; Lachman, Baltes, Nesselroade, & Willis,
1982; Seeman, Rodin, & Albert, 1993), longitudinal (Seeman et
al., 1996), and intervention (Langer, Beck, Winman, Rodin, &
Spitzer, 1979; Rodin, 1983) studies. Greater external locus of
control may interfere with cognitive performance by heightening
anxiety, cognitive rumination, and/or self-doubt (Bandura, 1989;
Bandura & Wood, 1989; Wood & Bandura, 1989). It may also
reduce the range of challenging activities in which one chooses to
participate and/or one’s perseverance in the face of difficulties
(Bandura, 1981, 1986, 1988), which could limit exposure to ex-
periences that enrich cognitive capacity. Further research is needed
to explore these potential pathways linking control beliefs to racial
disparities in cognition across the life course.

Perceived Discrimination

Previous studies have shown that African Americans typically
report higher levels of discrimination than non-Hispanic Whites
(Barnes et al., 2004; Hausmann et al., 2008), and this difference
contributes to racial disparities in physical health (Brondolo et al.,
2008; Gee, 2002; Lewis, Kravitz, Janssen, & Powell, 2011; Wil-
liams, Neighbors, & Jackson, 2003; Williams et al., 1997). The
potential mechanism underlying an association between perceived
discrimination and cognition (independent of physical health) is
unclear, but it may involve depressed mood or stress-induced
physiological changes (Barnes et al., 2012) and/or social forces
that limit access to high-quality educational experiences and other
resources important for cognitive health. Both Thames et al.
(2013) and Barnes et al. (2012) found that associations between
perceived discrimination and cognitive performance in African
Americans were unique to domains of episodic memory and pro-
cessing speed, which may point to the psychological impact of

perceived discrimination as a likely mechanism since these cog-
nitive domains are among those most frequently associated with
depressive symptom severity (McDermott & Ebmeier, 2009). In-
deed, associations between perceived discrimination and cognition
in both Thames et al. (2013) and Barnes et al. (2012) were
attenuated by the inclusion of a measure of depressive symptoms.
In the current study of African Americans and non-Hispanic
Whites, associations between perceived discrimination and cogni-
tive domains of episodic memory and executive functioning did
not reach significance (path “b” in Figure 1), and there was no
evidence that these associations differed across age groups (path
“mod(b)” in Figure 1).

A novel finding of this study was that the magnitude of the
indirect effect of African American race on cognition (product of
“a” and “b” paths in Figure 1) differed across age groups due to
differences in the magnitude of racial disparities in perceived
discrimination (path “a” in Figure 1). Specifically, the relatively
smaller indirect effect of race on cognition through perceived
discrimination in young adulthood reflected the fact that African
American young adults in this study did not report significantly
more daily discrimination than non-Hispanic White young adults.
However, it should be noted that African Americans in all age
groups reported that discrimination had a greater negative impact
on their lives than did non-Hispanic Whites. The discrimination
measure used in this and most previous studies queries discrimi-
nation experiences due to any reason (e.g., gender, age, body
shape), and the reasons for discrimination differed across racial
groups in this study. Interestingly, many non-Hispanic Whites
declined to identify a reason for their experiences. Future work
should explore racial differences in the experience of discrimina-
tion and how attributions affect associations between discrimina-
tion and health outcomes across racial groups.

Limitations, Strengths, and Directions
for Future Research

A main limitation of this study is that it is cross-sectional. As
such, it is not possible to disentangle age group from differences in
the historical experiences of participants. For example, older adults
in this study experienced the Civil Rights Movement of the 1950s
and 1960s during young adulthood. In contrast, middle-aged adults
experienced these events as children and adolescents, and young
adults were born just after the end of the Civil Rights Movement.
Therefore, it is not clear whether differences identified in this
study reflect aging and life stage versus differential exposure to
social and political events. However, it is noteworthy that most of
the mediators examined in this study (i.e., education, chronic
health conditions, and external locus of control) did not differ by
age group. The cross-sectional design also disallows an examina-
tion of rate of cognitive change in addition to cognitive level.
However, it should be noted that racial differences in rate of
cognitive change in late life are much smaller than racial differ-
ences in cognitive level (Manly & Mungas, 2015). Therefore, the
study of racial differences in cognitive level is most relevant to the
issue of racial disparities in late-life cognitive health and dementia.
Another important limitation of this study is that it did not include
participants under age 28. Because racial differences in cognitive
performance are measurable in childhood, and because early life
experiences can have a significant impact on later-life health,
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future studies should address the question of age group differences
in the mediators of cognitive disparities using data on children as
well as adults.

Another limitation of this study is that it is not fully population-
based. Separate recruitment strategies specifically designed to
target African Americans in the Milwaukee area may have mag-
nified or diminished certain differences between the two racial
groups or influenced the role of mediators. Therefore, these results
should be replicated in more representative, population-based stud-
ies of African Americans and non-Hispanic Whites in the U.S. It
should also be noted that the sample included far fewer African
Americans than non-Hispanic Whites (796 vs. 4,405), which could
be limiting statistical power. Another limitation is that this study
only considered cognitive domains of episodic memory and exec-
utive functioning. Because racial disparities in cognition have been
documented across cognitive domains, future research is needed to
determine whether the mediators of these disparities differ for
these other domains. For example, it is possible that different
variables drive racial disparities in fluid versus crystallized abili-
ties. Finally, this study used a brief, telephone-based cognitive
battery rather than a comprehensive, in-person neuropsychological
assessment due to resource limitations typical in this type of
large-scale, national work. Results may have underestimated ef-
fects that may have been more easily detected with more sensitive
cognitive measures. Similarly, quantification of other constructs
(e.g., number of chronic conditions) was limited to relatively brief
self-report questions that were asked over the phone. Future stud-
ies should employ rigorous measures to confirm the specificity of
findings.

Strengths of this study include the large age range, consideration
of multiple categories of potential mediators of disparities (i.e.,
socioeconomic, health, and psychosocial), inclusion of multiple
indicators within each category, and evaluating two important
cognitive domains. Despite multiple significant indirect effects,
persistent unexplained effects of race on cognition suggest that
other factors that were not measured in this study (e.g., genetic
risks or gene by environment interactions, social factors, specific
medical conditions or disease processes) may also contribute to
racial disparities in cognition.

Interventional work is needed to determine whether raising the
average level of educational attainment, increasing income, reduc-
ing the number of chronic health conditions, and lowering per-
ceived constraints among African Americans reduce cognitive
disparities throughout the life course. Interventions specifically
targeting income inequality and daily discrimination (or buffering
the impact of those variables) may be differently effective at
reducing racial disparities in cognition at different stages of the
adult life course.
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