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A B S T R A C T
IMPLICATIONS AND
Purpose: Low-grade inflammation, measured by circulating levels of cytokines, is a pathogenic
mechanism for several chronic diseases of aging. Identifying factors related to inflammation
among African-American youths may yield insights into mechanisms underlying racial disparities
in health. The purpose of the study was to determine whether (1) reported racial discrimination
from ages 17e19 years forecasts heightened cytokine levels at the age of 22 years and (2) this
association is lower for youths with positive racial identities.
Methods: A longitudinal research design was used with a community sample of 160 African-
Americans who were aged 17 years at the beginning of the study. Discrimination and racial
identity were measured with questionnaires, and blood was drawn to measure basal cytokine
levels. Ordinary least squares regression analyses were used to examine the hypotheses.
Results: After controlling for socioeconomic risk, life stress, depressive symptoms, and body mass
index, racial discrimination (b ¼ .307; p < .01), racial identity (b ¼ �.179; p < .05), and their
interaction (b ¼ �.180; p < .05) forecast cytokine levels. Youths exposed to high levels of racial
discrimination evinced elevated cytokine levels 3 years later. This association was not significant
for young adults with positive racial identities.
Conclusions: High levels of interpersonal racial discrimination and the development of a positive
racial identity operate jointly to determine low-grade inflammation levels that have been found to
forecast chronic diseases of aging, such as coronary disease and stroke.
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African-Americans’ experi-
ences with high levels of
racial discrimination across
ages 17e19 years forecast
heightened cytokine levels
at the age of 22 years, but
this association did not
emerge for youths with
positive racial identities. A
positive racial identity may
play a role in keeping stress
from “getting under the
skin.”
Even among young people, racial disparities across numerous experience aging-related chronic diseases earlier in life, at

health outcomes have been consistently documented. Compared
with members of other racial groups, African-Americans
greater severity, and with more serious consequences [1]. These
disparities are also manifested in cardiometabolic risk. African-
American youths are more likely than their peers of other eth-
nicities to experience central adiposity, high blood pressure,
insulin resistance, and subclinical atherosclerosis [2e5]. Low-
grade inflammation is a common pathogenic mechanism in all
these “pre-disease states,” facilitating their progression into
clinical conditions such as coronary heart disease and stroke
[6,7]. For example, inflammation is known to contribute to the
progression of coronary heart disease by facilitating the accu-
mulation and detachment of atherosclerotic plaque and pro-
moting coagulation processes involved in thrombosis [8,9].
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The health risk inequities that African-Americans experience
arise from more than economic hardship. Psychosocial stressors
that disproportionately affect African-Americans have been
proposed as a mechanism that increases their vulnerability to
cardiometabolic risk and poor health. Consistent with this
reasoning, an emerging area of research has focused on racial
discrimination, a qualitatively unique source of psychosocial
stress that African-Americans face [10,11]. Racial discrimination
involves routine experiences with disrespect and inferior treat-
ment on the basis of race, which continue to pervade society [12].
Exposure to racial discrimination has been found to be associated
with a range of health-relevant biological processes in adults,
including glucocorticoids [10], proinflammatory cytokines and
other markers of inflammation [13,14], and shortened telomere
length [15]. These studies provide proof-of-principle support for
the link between exposure to racial discrimination and health-
relevant biological measures. Despite the pivotal role that
inflammation may play in the development of chronic diseases
and health disparities [16], no longitudinal studies have focused
on low-grade inflammation and exposure to racial discrimina-
tion during adolescence, a developmental stage during which
race-related stressors may have a particularly significant impact.
The present study was designed to help fill this need.

During adolescence, African-American youths are continuing
to explore and refine their racial identities [17]. Through this
developmental process, youths come to understand the impor-
tance of their racial group membership to their thoughts, per-
ceptions, feelings, and behaviors. Defined as the significance and
positivity that individuals ascribe to membership in their racial
groups [18], racial identity can condition responses to race-
related stressors. For example, some studies have shown that
African-American youths with positive racial identities are
buffered from the ill effects of discrimination on subsequent
levels of depressive symptoms, perceived stress, psychological
distress, and behavior problems [19].

Despite its intuitive appeal, tests of the racial identityestress
buffering hypothesis have yielded mixed findings. Some studies,
such as those cited previously, support the hypothesis, and
others provide partial support. In a few studies, positive racial
identities were associated with an intensification of the relation
between discrimination and psychological distress (see Brondolo
et al. [20] for a review). The absence of a consistent moderating
effect of racial identity on psychological well-being, however,
should not rule out the possibility that racial identity may buffer
the association between racial discrimination and proin-
flammatory cytokines in African-American adolescents. Indeed, a
recent laboratory study [21] indicated that a positive racial
identity attenuated the association between racial discrimina-
tion and autonomic nervous system reactivity among African-
American young adults. We predict that the association
between racial discrimination and cytokine levels will be weaker
among adolescents who have positive racial identities.

Finally, this study was designed to rule out some alternative
explanations for the hypothesized association of racial discrim-
ination with cytokine levels by controlling demographic and
biobehavioral confounding variables, including gender, cumula-
tive socioeconomic status (SES) risk [16], perceived life stress,
depressive symptoms, and body mass index (BMI). Each of these
variables has been found to be associated with cytokine levels
[22], rendering attributions about the unique contribution of
racial discrimination somewhat ambiguous unless statistical
controls are applied.
Methods

Participants

The data for this study were drawn from the Adults in the
Making (AIM) prevention trial [23]. A total of 496 youths were
recruited randomly from lists provided by public schools in six
rural counties. Youths were enrolled in the study in 2006 when
they were aged 17 years [23] and provided self-report data from
2006 to 2009 at ages 17e19 years. In this study, assignment to
the AIM or control condition was controlled in all data analyses.
Cytokine data were obtained from blood samples in 2011 and
2012 when the youths were aged 22 years. The families resided
in small towns and communities in which poverty rates are
among the highest in the nation and unemployment rates are
above the national average [24]. At Wave 1, median household
gross monthly income was $2,016.00 (standard deviation [SD] ¼
4,353.86), and mean monthly per capita gross income was
$887.54 (SD ¼ 1,578.98). The families had an average of 2.21
children, and 65.1% of the households were headed by single
parents. Of the youths’ caregivers, 8.5% had a college or university
degree and 68.8% had completed high school or earned a general
equivalence diploma. Although the caregivers worked an average
of 38.5 hours per week, 42% of the families lived below federal
poverty standards and another 15% lived within 150% of the
poverty threshold; they could be described as working poor [25].

Of the 496 youths who constituted the study sample, 304
(61.3%) agreed to the assessment of inflammation measured via
blood at the age of 22 years. To minimize the influence of cyto-
kine degradation, analyses were limited to specimens that had
been processed within 24 hours of venipuncture (160/304 sam-
ples). These 160 participants constituted the sample in this study
(32.2% of the Wave 1 sample). Comparisons, using independent
t tests and chi-square tests, of the youths in the study sample
with those not in the study sample revealed that, at study entry,
they were identical in terms of socioeconomic risk, life stress,
depressive symptoms, BMI, exposure to discrimination across
adolescence, and racial identity.

Procedures

Families were contacted and enrolled in the study by com-
munity liaisons who resided in the counties in which the par-
ticipants lived. The community liaisons were African-American
community members, selected on the basis of their social con-
tacts and standing in the community, who worked with the re-
searchers on participant recruitment and retention. At all data
collection points, caregivers gave written consent to minor
youths’ participation, and youths gave written assent or consent
to their own participation. Each family was paid $100 after each
assessment. The study was approved by the institutional review
board of the university at which it was conducted. To enhance
rapport and cultural understanding, African-American university
students and community members who did not know the fam-
ilies served as field researchers to collect data. During each
assessment, one home visit lasting 2 hours was made to each
family. At each home visit, self-report questionnaires were
administered to the youth on a laptop computer in a private
room. The first author has used this data collection procedure for
20 years, and it has consistently yielded reliable data. When
youths were aged 22 years, certified phlebotomists drew their
blood into serum separator tubes.
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Measures

Racial discrimination and racial identity were assessed at ages
17, 18, and 19 years; cytokine levels were measured at the age of
22 years. The demographic and biobehavioral confounding var-
iables of gender, cumulative SES risk, life stress, and depressive
symptoms were assessed at ages 17e19 years, and BMI was
assessed at the age of 22 years. These variables were controlled in
the analyses.

Perceived racial discrimination

At ages 17e19 years, target youths completed nine items from
a version of the Schedule of Racist Events [26] that was designed
to be developmentally appropriate for adolescents. Items in this
revised Schedule of Racist Events [27,28] assessed the frequency
during the previous year, ranging from 0 (never happened) to 2
(happened a lot), with which the respondent perceived specific
discriminatory behavior events. These events included racially
based slurs and insults, disrespectful treatment from community
members, physical threats, and false accusations from business
employees or law enforcement officials. Responses to items were
summed at eachwave and thenwere averaged across ages 17e19
years. Coefficient a was .94. Perceived discrimination was stable
over time: The age 17 assessment was correlated with the age 18
assessment, r(151) ¼ .62, and with the age 19 assessment,
r(154) ¼ .59. The age 18 assessment was correlated with the age
19 assessment, r(147) ¼ .71. All p values were <.001.

Protective racial identity

At ages 17e19 years, youths reported racial identity with a
scale adapted from the centrality subscale of the Multidimen-
sional Inventory of Black Identity [18] and the stereotype subscale
of the Multi-Construct African American Identity Questionnaire
[29]. The nine-item scale assessed the importance of being black
to the youths’ identities and the extent to which they embraced
positive views and rejected negative stereotypes of African-
Americans. Examples include “I feel close to Black people” and
“I am happy that I am Black.” Possible responses ranged from 1
(strongly disagree) to 5 (strongly agree). Responses to itemswere
summed to form a protective racial identity score at each wave
and thenwere averagedacross ages17e19years. Coefficientawas
.81. Racial identityalsowas stable over time: The age17and age18
assessments were correlated, r(150) ¼ .65; the age 17 and age 19
assessments were correlated, r(154) ¼ .47; and the age 18 and
age 19 assessments were correlated, r(146) ¼ .48. All p values
were <.001.

Cumulative socioeconomic risk index

Six dichotomous variables formed a cumulative socioeco-
nomic risk index, which was calculated at ages 17, 18, and 19
years. A score of 1 was assigned to each of the following char-
acteristics: family poverty based on federal guidelines, primary
caregiver unemployment, receipt of Temporary Assistance for
Needy Families, primary caregiver single parenthood, primary
caregiver education level less than high school graduation, and
caregiver-reported inadequacy of family income. The scores were
summed to form an index that has been found to forecast bio-
markers of stress in African-American adolescents [30]. The
scores were then averaged across ages 17e19 years.
Intervention status and gender

Intervention status and gender were dummy coded. AIM
participants were coded 1 and control participants were coded 0;
male participants were coded 1 and female participants were
coded 0.

Life stress

Life stress was assessed at ages 17e19 years. Youths endorsed
a checklist of 12 events (e.g., acute economic stress, death of a
friend, parental divorce, serious injury, or illness) [31], indicating
whether each had occurred during the previous 6 months.
Endorsed itemswere summed at eachwave to form the life stress
scale and then were averaged across ages 17e19 years. Because
this index yields count data, internal consistency was not
computed.

Depressive symptoms

Youths’ depressive symptoms were measured via self-report
on the Center for Epidemiologic Studies Depression scale [32],
which iswidely usedwith community samples. Youths rated each
of 20 symptomsona scale of 0 (rarelyor noneof the time),1 (some
or little of the time), 2 (occasionally or a moderate amount of
time), or 3 (most or all of the time). Responses to items were
summed to form the depressive symptoms scale at eachwave and
thenwere averaged across ages 17e19 years. Coefficient awas .89.

Youth body mass index

Each youth’s weight and height at the age of 22 years were
used to calculate BMI (weight in kilograms divided by the square
of height in meters). Weight was measured by using a standard
home scale, and height was measured by using a tape measure.

Inflammation

When youths were aged 22 years, a certified phlebotomist
visited participants’ homes and collected venous blood into a
Serum Separator Tube (Becton, Dickinson and Company, Franklin
Lakes, NJ) through antecubital venipuncture. The specimens
were couriered to a laboratory at the University of Iowa and, on
receipt, centrifuged according the manufacturer’s instructions.
Serum was harvested, divided into aliquots, and then frozen
at �80�C. To minimize the influence of cytokine degradation,
analyses were further limited to specimens processed within
24 hours of venipuncture. Low-grade inflammation was subse-
quently measured by electrochemiluminescence on a SECTOR
Imager 2400A (Meso Scale Discovery, Rockville, MD). Briefly,
thawed samples were assayed in duplicate using a Human Pro-
Inflammatory 7-Plex Ultra-Sensitive assay (Meso Scale Discov-
ery), following instructions provided by the manufacturer. This
assay is optimized for assessment of low-grade inflammation in
peripheral blood samples from healthy subjects [33]. Its lower
limits of detection range from .10 pg/mL (interleukin [IL]-8) to
.80 pg/mL (IL-10). Circulating levels of six cytokines that
orchestrate inflammation were measured: IL-1b, IL-6, IL-8, and
IL-10, plus tumor necrosis factor a and interferon-g. Across runs,
the median intra-assay coefficients of variation were 4.00%
(IL-1b), 4.82% (IL-6), 1.78% (IL-8), 11.45% (IL-10), 4.34% (tumor
necrosis factor a), and 13.31 (interferon-g). Correlations showed
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that concentrations of these molecules were strongly interre-
lated. The average intercytokine correlation was r ¼ .65, and the
range was r ¼ .42e.92. Because of this clustering, an inflamma-
tion composite was formed for each subject by summing the six
z-scored cytokine values. The composite showed high levels of
internal consistency (Cronbach a ¼ .90) and functioned as the
primary outcome variable in the analyses.
Results

Plan of analysis for the study hypothesis

Linear regression analysis was used in 2014 to test the study
hypotheses. Two regression models were executed on cytokines
at the age of 22 years. Youth gender, intervention status, cumu-
lative SES risk, life stress, and depressive symptoms at ages
17e19 years and BMI at the age of 22 years were controlled in all
models. The first model presented the relations of all covariates
to the inflammation measure; the second model was designed to
examine the main effects of perceived racial discrimination and
protective racial identity; and the third model tested the two-
way interaction between them.
Hypothesis testing

Descriptive statistics and correlations among study variables
are displayed in Table 1. Before investigating the study hypoth-
eses, we executed a cross-lagged path model to explore the di-
rection of the association between racial identity and depression:
Did a positive racial identity lead to low levels of depression, or
did low levels of depression lead to a positive racial identity? This
is a question of interest in racial identity theory [20]. The model
included racial identity and depression as measured at ages 17
and 19 years (complete details of this analysis are available from
the authors). The path coefficient from racial identity to
depression was �.082 (p < .05), whereas the path coefficient
from depression to racial identity was �.027 (not significant).
This supports the conjecture that racial identity serves to protect
young African-Americans from depression.

The results of the linear regression models are presented in
Table 2. None of the covariates in Model 1 were associated with
cytokine levels. The second model (Table 2, Model 1) was
designed to determine the main effects of perceived racial
discrimination and protective racial identity. Results suggested
that both perceived racial discrimination (B ¼ .436; standard
Table 1
Descriptive statistics and correlations for the research variables (N ¼ 160)

Variable 1 2 3

1. Gender, male d

2. Intervention .068 d

3. Family SES risk (ages, 17e19 years) .062 .086 d

4. Life stress (ages, 17e19 years) �.042 �.135 .087
5. Depressive symptoms (ages, 17e19 years) �.096 �.074 .187*
6. Racial discrimination (ages, 17e19 years) .064 .011 �.095
7. Racial identity (ages, 17e19 years) �.011 .023 �.145
8. Body mass index (age, 22 years) �.081 �.070 �.131
9. Inflammation composite (age, 22 years) �.063 .068 �.027
Mean .36 .73 1.92
SD .48 .44 1.11

SD ¼ standard deviation; SES ¼ socioeconomic status.
*p < .05; **p < .01; ***p < .001.
error [SE] ¼ .131; b ¼ .290; p ¼ .001; 95% confidence interval [CI,
.177e.695]) and protective racial identity (B ¼ �.219; SE ¼ .102;
b ¼ �.180; p ¼ .033; 95% CI [�.420 to�.018]) at ages 17e19 years
significantly predicted cytokine levels at the age of 22 years
beyond the effects of the covariates, F(2, 151) ¼ 6.922; DR2 ¼
.083; p ¼ .001.

Model 3 in Table 2 presents tests for hypothesized interaction
effects between perceived racial discrimination and protective
racial identity on cytokines at the age of 22 years. Perceived racial
discrimination and protective racial identity were centered
before the interaction terms were calculated. The analysis
revealed a significant interaction effect, F(1, 150) ¼ 5.379; DR2 ¼
.031; B ¼ �.062; SE ¼ .027; b ¼ �.180; p ¼ .022; 95% CI (�.114
to �.009). To interpret this finding, estimated cytokine levels
were plotted at low (1 SD below themean;�1 SD) and high (1 SD
above the mean; þ1 SD) levels of racial discrimination and racial
identity; the results are presented in Figure 1. As hypothesized,
protective racial identity moderated the association of racial
discrimination with cytokine levels. Perceived racial discrimi-
nation at ages 17e19 years was significantly associated with
cytokine levels at the age of 22 years among those with
low protective racial identity (simple slope ¼ .716; SE ¼ .175;
p < .001; 95% CI [.370e1.061]). Racial discrimination was not
associated with cytokine levels among those with highly pro-
tective racial identities (simple slope ¼ .205; SE ¼ .161; p ¼ not
significant; 95% CI [�.114 to .523]). Additional analyses were
performed to determine whether participant gender or SES risk
conditioned any of these findings; no interactions were detected.
Discussion

During adolescence, African-American youths become keenly
aware of their treatment byothers and are particularly cognizant of
targeted rejection [34]. Against this developmental backdrop, the
possibility was examined longitudinally that perceived discrimi-
nation would forecast cytokine levels during young adulthood, at
the age of 22 years. The results indicated that (1) perceived racial
discrimination forecasts higher cytokine levels; (2) positive racial
identity forecasts lower cytokine levels; (3) the associations among
perceived discrimination, racial identity, and cytokine levels
retained their significance when confounding variables were
controlled in the data analysis; and (4) the association between
perceived discrimination and cytokine levels was lower among
adolescents with a positive racial identity. These findings are
consistentwith suggestions that perceived discrimination can be a
4 5 6 7 8 9

d

.397*** d

.309*** .331*** d

�.159* �.334*** .024 d

.024 .047 .103 .047 d

.046 .033 .235** �.127 .026 d

2.06 12.16 4.58 37.48 30.63 0
1.18 7.10 3.36 4.14 10.08 5.05



Table 2
Perceived racial discrimination and protective racial identity as predictors of cytokine levels (N ¼ 160)

Predictor Cytokine level (age, 22 years)

Model 1 Model 2 Model 3

B SE b B SE b B SE b

1. Gender, male �.637 .854 �.061 �1.045 .831 �.099 �1.247 .824 �.118
2. Intervention .963 .929 .085 .732 .898 .064 .442 .894 .039
3. Family SES risk (ages, 17e19 years) �.165 .379 �.036 .000 .371 .000 .019 .366 .004
4. Life stress (ages, 17e19 years) .214 .378 .050 �.087 .374 �.020 �.094 .369 �.022
5. Depressive symptoms (ages, 17e19 years) .014 .064 .020 �.085 .067 �.120 �.100 .067 �.140
6. Body mass index (age, 22 years) .010 .041 .020 .004 .040 .007 .003 .039 .005
7. Racial discrimination (age, 17e19 years) d d d .436 .131 .290** .461 .130 .307**
8. Racial identity (ages, 17e19 years) d d d �.219 .102 L.180* �.218 .100 L.179*
9. Racial discrimination � Racial identity d d d d d d �.062 .027 L.180*

Bold values indicate significant coefficients.
SE ¼ standard error; SES ¼ socioeconomic status.
*p < .05; **p < .01.
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chronic socialeenvironmental stressor that catalyzes health-
relevant biological processes [10e12]. A literature search
returned no prior studies that present associations between
perceived racial discrimination and cytokine levels.

The present findings are also consistent with theoretical
propositions that many youths are resilient and do not experi-
ence health-related biological changes despite exposure to race-
related stressors [35]. Researchers, however, have not yet
determined how a positive racial identity helps to attenuate the
association between discrimination and health outcomes. Youths
with positive racial identities may be more planful and more
inclined to anticipate and to select themselves into positive,
desirable situations while foreseeing and limiting their exposure
to negative and demeaning circumstances. Thoits [36] found
some evidence for the existence of such selection coping effects;
this topic warrants further empirical consideration.

Several limitations of the study should be addressed in future
research. First, because cytokines were not assessed at baseline,
the study design precludes conclusions regarding their change
over time. Second, usable cytokinedatawereobtained fromonlya
subset of the participants. To our knowledge, participants whose
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Figure 1. Youths’ inflammation at the age of 22 years as a function of perceived raci
intervention status, family SES index, life stress, and depressive symptoms at ages 17e
for different levels of racial identity (positive, 1 SD above the mean; negative, 1 SD belo
intervals. ***p < .001.
specimens were processed inside and outside the 24-hour win-
dow were similar in terms of social, psychosocial, and health
characteristics. Of course, they could have differed on variables
that we have not considered and did not measure. In future
research, therefore, it will be important to substantiate these
findings in a study that is designed and executed with an a priori
focus on assessing inflammation. In future studies, cytokine
measures should also be collected repeatedly to assess inflam-
mation trajectories over time. Functional tests could also be
conducted to determine the extent to which immune cells are
responsive to mitogen stimulation. Third, the discrimination
measure assessed interpersonal discrimination only and did not
assess structural discrimination; thus, it provided a limited
assessment of the range of discriminatory experiences that ado-
lescents encounter. Williams andWilliams-Morris [37] called for
more systematic research characterizing themultiple dimensions
of racism (e.g., residential segregation). Similarly, Sue et al. [38]
described a taxonomy of racial microaggressions that include
microassaults and microinsults. Future research should use both
chronic and daily discrimination measures, as well as measures
that capture discrimination experiences acrossmultiple domains,
high
ination (age 17-19)

 [-.114, .523])

 CI [.370, 1.061])

al discrimination and protective racial identity at ages 17e19 years with gender,
19 years and BMI at the age of 22 years controlled, presented as regression lines
w the mean). Numbers in parentheses refer to simple slopes with 95% confidence
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in probing the association between racial discrimination and
health-relevant biological processes. Fourth, as Hurd et al. [39]
suggest, the contribution of racial identity may vary with envi-
ronmental circumstances. Future research should be designed to
determine whether the buffering properties of racial identity
differ with contextual factors such as levels of racial segregation
and neighborhood poverty (see Brody et al. [40]). Finally, future
research should also be designed to delineate the health conse-
quences of the associations described here. As noted in the
introduction, low-grade inflammation plays a role in both the
earlier (obesity, insulin resistance, and high blood pressure) and
later (diabetes, myocardial infarction, and stroke) stages of the
cardiometabolic diseases that African-Americans experience
disproportionately. Research exploring the links among discrim-
ination, inflammation, and the expression and persistence of
these conditions would be valuable. These cautions notwith-
standing, the study is among the first to show a prospective as-
sociation between perceived discrimination across ages 17e19
years and low-grade inflammation at the age of 22 years. It also
highlights associations suggesting that a positive racial identity
during adolescence contributes to low cytokine levels.
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