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A B S T R A C T   

Rationale: Discrimination is a risk factor and potential pathway through which social determinants such as race 
and sex contribute to chronic inflammation in Black Americans in middle and later adulthood. Questions remain 
regarding which forms of discrimination are most salient for inflammatory dysregulation, and whether there are 
sex-based differences in these pathways. 
Objective: This exploratory study investigates sex differences in the relationships between four forms of 
discrimination and inflammatory dysregulation among middle aged and older Black Americans. 
Methods: Using cross-sectionally linked data from participants in the Midlife in the United States (MIDUS II) 
Survey (2004–2006) and Biomarker Project (2004–2009) (N = 225, ages 37–84, 67% female), this study con-
ducted a series of multivariable regression analyses. Inflammatory burden was measured using a composite 
indicator comprised of five biomarkers: C-reactive protein (CRP), interleukin-6 (IL-6), fibrinogen, E-selectin, and 
intercellular adhesion molecule (ICAM). Discrimination measures were lifetime, daily, and chronic job 
discrimination and perceived inequality at work. 
Results: Black men generally reported higher levels of discrimination than Black women (3 out of 4 forms), 
though only sex differences in job discrimination achieved statistical significance (p < .001). In contrast, Black 
women exhibited more overall inflammatory burden than Black men (2.09 vs. 1.66, p = .024), particularly 
elevated levels of fibrinogen (p = .003). Lifetime discrimination and inequality at work were associated with 
higher levels of inflammatory burden, after adjusting for demographic and health factors (p = .057 and p = .029, 
respectively). The discrimination-inflammation relationships further varied by sex, such that more lifetime and 
job discrimination predicted greater inflammatory burden in Black women, but not in Black men. 
Conclusion: These findings highlight the potentially detrimental impact of discrimination and emphasize the 
importance of sex-specific research on biological mechanisms of health and health disparities in Black 
Americans.   

1. Introduction 

Discrimination has been identified as a potential risk factor and 
pathway through which social determinants (e.g., race, sex, etc.) 
contribute to chronic inflammation and associated health outcomes. 
Research has outlined the detrimental impact discrimination can have 
on multiple physiological pathways (Cuevas et al., 2020). In particular, 
studies have found unfair treatment and discrimination towards Black 
Americans to be associated with individual measures of physiological 
risk (e.g., inflammation biomarkers such as C-reactive protein) (Doyle 
and Molix, 2014; Lewis et al., 2010) and composite measures of 

physiological dysregulation such as allostatic load (Brody et al., 2014; 
Ong et al., 2017; Upchurch et al., 2015; Van Dyke et al., 2020). These 
measures are posited to capture the cumulative “wear and tear” of 
chronic stress on the body (McEwen, 1998). Thus, relationships between 
discrimination and physiological dysregulation represent an important 
topic of investigation for researchers seeking to understand (and 
potentially interrupt) pathways through which social and structural 
inequities “get under the skin” to generate racial health disparities (Das, 
2013). Questions remain regarding which forms of discrimination may 
be most salient for inflammatory dysregulation, and whether there are 
sex-based differences in these pathways. 
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While some studies demonstrate a link between different forms of 
discrimination and dysregulation across both individual (e.g., inflam-
mation) (Doyle and Molix, 2014; Lewis et al., 2010) and multiple 
physiological systems (e.g., allostatic load) (Brody et al., 2014; Ong 
et al., 2017; Upchurch et al., 2015) among Black adults, others do not 
(Stepanikova et al., 2017). For example, Doyle and Molix (2014) found 
everyday discrimination was predictive of increased inflammation 
across several proinflammatory markers, including interleukin-6 (IL-6), 
E-selectin, and C-reactive protein (CRP) in a sample of 592 Black adults 
(ages 34–85 years) (Doyle and Molix, 2014). Similarly, Lewis et al. 
(2010) found everyday discrimination to be associated with elevated 
CRP levels in a sample of 296 older Black adults (ages 65 and older; 70% 
female) (Lewis et al., 2010). Stepanikova et al. (2017), however, found 
no statistically significant association between everyday and lifetime 
discrimination and increased inflammation (i.e., fibrinogen, E-selectin, 
CRP, and IL-6) in 170 Black adults (ages 35–82 years) (Stepanikova 
et al., 2017). Although the findings are mixed for associations between 
everyday and lifetime discrimination and individual indicators of 
physiological dysregulation, they are more consistent in studies using 
composite measures of dysregulation. 

Current work has implicated discrimination as a contributing factor 
to multisystem physiological dysregulation. Multisystem physiological 
dysregulation is most frequently measured as allostatic load (AL), which 
is a composite indicator capturing dysregulation across multiple physi-
ological systems (e.g., sympathetic nervous system (SNS), 
hypothalamic-pituitary-adrenal (HPA) axis, immune system, and car-
diovascular and metabolic processes) due to chronic stress (McEwen, 
1998). For instance, a longitudinal study of 331 rural Black adolescents 
by Brody et al. (2014), reported a proposed effect of discriminatory 
treatment—assessed by a revised version of the Schedule of Racist 
Events (SRE; Landrine and Klonoff, 1996) for use with adolescents—on 
higher AL levels. The 9-items in the revised SRE assessed the frequency 
during the previous year with which the respondent perceived specific 
discriminatory events such as racially based slurs and insults, disre-
spectful treatment from community members, physical threats, and false 
accusations from business employees or law enforcement officials 
(Brody et al., 2014). Ong et al. (2017), using a sample of 233 Black 
adults (ages 37–85 years), found that everyday discrimination was 
associated with higher allostatic load scores (Ong et al., 2017). Likewise, 
Upchurch et al. (2015) found that chronic exposure to everyday 
discrimination was predictive of higher AL levels in a community-based 
sample of middle-aged Black women (Upchurch et al., 2015). In a 
sample of 226 Black and 978 White middle-aged adults, Van Dyke et al. 
(2020) found pervasive discrimination (score of 2 vs. 0) was positively 
associated with greater allostatic load. Although the authors did not 
observe a significant race-by-discrimination interaction, the magnitude 
of the discrimination-AL association in their exploratory race-stratified 
analyses appeared to be larger for Black adults than Whites (Van Dyke 
et al., 2020). Collectively, these previous studies suggest that inflam-
mation and greater overall physiological dysregulation may be a 
consequence of experiencing various forms of discrimination (e.g., racist 
events in the past year, every day) throughout the lifespan (e.g., 
adolescence, midlife, and old age). These effects appear particularly 
pronounced at midlife and older ages. 

More work needs to be done on potential modifiers (such as sex) of 
the discrimination-inflammation relationship, as research has shown 
conflicting or unclear evidence (Cunningham et al., 2012; Friedman 
et al., 2009; Kershaw et al., 2016; Ong et al., 2017). For instance, Ker-
shaw et al. (2016) found everyday discrimination, lifetime discrimina-
tion due to any attribution, and lifetime discrimination due to 
race/ethnicity were all significantly associated with higher IL-6 in 
women (multi-ethnic sample of 3099 men and 3468 women, aged 45–84 
years), adjusting for sociodemographic characteristics, recent infection, 
anti-inflammatory medication use, and hormone replacement therapy 
use; however, these associations were attenuated after adjustment for 
BMI. In men, everyday discrimination was inversely associated with IL-6 

in all adjusted models, and lifetime discrimination was unrelated to IL-6. 
All three discrimination measures were not associated with CRP for both 
women and men (Kershaw et al., 2016). In another study using a 
multi-racial cohort of young adults (901 Black women, 614 Black men, 
958 White women, and 863 White men, aged 18–30 years), the rela-
tionship between experiences of discrimination due to race/ethnicity 
and CRP was positively related in both Black (1–2 discrimination ex-
periences) and White women (3 or more discrimination experiences), 
adjusting for demographics, health-related and psychosocial factors. In 
Black men there was no association observed for 1–2 discrimination 
experiences, while an inverse association was observed for 3 or more 
discrimination experiences, adjusting for demographics and 
health-related factors. In White men experiences of discrimination were 
unrelated to inflammation (Cunningham et al., 2012). In contrast, a 
study of everyday discrimination, lifetime discrimination due to any 
attribution, and their associations with E-selectin in a sample of 804 
White adults found higher levels of both forms of discrimination were 
associated with higher E-selectin in men but not women (Friedman 
et al., 2009). In contrast, Ong et al. (2017) found that the association 
between everyday discrimination and AL did not vary by sex in a sample 
of 233 Black adults, controlling for demographics, medication use, 
smoking, alcohol consumption, depressive symptoms, lifetime discrim-
ination, and global perceived stress (Ong et al., 2017). A key distinction 
between Ong’s 2017 study and the present analysis is that Ong and 
colleagues focused on only one form of discrimination: everyday 
discrimination. Although they controlled for a second form of discrim-
ination (lifetime), they did not probe this form of discrimination in their 
analyses nor discuss it at length in the findings. 

Of the few studies that have measured multiple (two vs. three or 
more) forms of discrimination, most have used multi-ethnic samples. For 
example, studies using both the National Survey of Midlife in the United 
States (MIDUS) (Ong and Williams, 2019; Van Dyke et al., 2020) and the 
Multi-Ethnic Study of Atherosclerosis (MESA) (Whitaker et al., 2017) 
have examined more than one form of discrimination and their associ-
ations with health among multi-ethnic samples. While the health dis-
parities field has been bolstered by multi-racial and comparative studies, 
single-race studies complement these, as they allow for a more nuanced 
investigation of within-group heterogeneity. Further, when factors that 
are unequally distributed across races are considered (e.g., socioeco-
nomic status), a within-race approach avoids issues of residual con-
founding (Kaufman et al., 1997). In summary, studies examining the 
links between multiple forms of discrimination and more comprehen-
sive, composite indicators of inflammatory dysregulation in Black 
adults, and specifically probing sex-specific differences, are critically 
lacking. 

The current study adds to our understanding of health disparities 
that adversely affect Black Americans in three ways. First, it builds on 
prior work (Doyle and Molix, 2014; Ong et al., 2017; Stepanikova et al., 
2017) by examining the relationships between multiple (four) forms of 
discrimination and a composite measure of inflammatory dysregulation 
in a sample of middle-aged and older Blacks. This approach allows for a 
deeper examination of the potential impact of lifetime, everyday, and 
workplace discrimination on inflammation in both midlife and old age. 
Midlife is an important phase in the life span for examining biological 
mechanisms of health, given it is a period of markedly rising risk for 
acute and chronic diseases (House et al., 2005), especially among Black 
Americans (Geronimus et al., 2006). Hence, there is a critical need to 
investigate the physiological stress pathways that lead to dysregulation 
of the immune system and resulting chronic inflammation in 
middle-aged and older Blacks. Second, this study considers whether the 
discrimination-inflammation relationship varies by sex. It has the po-
tential to shed light on sex-specific biological pathways of health, given 
the mixed and unclear evidence in this area. Third, this study empha-
sizes the importance of examining intersectionality in the study of 
discrimination and physical health in Black Americans (Kwate and 
Goodman, 2015; Lewis and Van Dyke, 2018; Purdie-Vaughns and 
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Eibach, 2008). The tendency to focus on Black Americans from a 
monolithic perspective is a limitation of prior research in this area. This 
approach does not tease apart the heterogeneity within the Black pop-
ulation (e.g., age, gender, socioeconomic status, sexual orientation dif-
ferences) nor does it consider how within-group heterogeneity may 
impact discrimination exposure and associations between discrimina-
tion and physical health (Lewis and Van Dyke, 2018). For example, 
seminal work by Kimberlé Crenshaw and others (Crenshaw, 1989; 
Purdie-Vaughns and Eibach, 2008) argue that “Black women sometimes 
experience discrimination in ways similar to White women’s experi-
ences; sometimes they share very similar experiences with Black men. 
Yet often they experience double-discrimination—the combined effects 
of practices [that] discriminate on the basis of race, and on the basis of 
sex. And sometimes, they experience discrimination as Black women-
—not the sum of race and sex discrimination, but as Black women” 
(Crenshaw, 1989, p. 149). Researchers have also noted an intersectional 
approach has advantages for understanding the experiences of African 
American men (both gay and straight) and other people who have an 
intersection of two or more identities (Bowleg et al., 2017). 

Overall, this study had two aims: examine associations between four 
forms of discrimination and inflammatory dysregulation in Black 
Americans (Aim 1) and assess whether sex differences exist (Aim 2). We 
hypothesized that all four forms of discrimination would be associated 
with inflammatory dysregulation (Hypothesis 1). We further hypothe-
sized that the strength of these associations would depend on sex (Hy-
pothesis 2); however, because of the limited and contradicting findings 
in the literature, no specific hypotheses were made about the direction 
of the moderation effect of sex. 

2. Methods 

This exploratory study used cross-sectional linked data from a sam-
ple of Black Americans who participated in the second wave of the 
National Survey of Midlife in the United States (MIDUS II) Study 
(2004–2006) and Biomarker Project (2004–2009). Details of these 
studies are described elsewhere (Love et al., 2010; Radler, 2014; Radler 
and Ryff, 2010). 

In brief, the MIDUS II Survey Study collected interview and self- 
administered questionnaire data on a variety of sociodemographic, 
psychosocial, and behavioral factors related to the health and well-being 
of midlife and older U.S. adults. The Biomarker Project recruited a 
subsample of 1255 MIDUS II Survey Study participants (39.3% response 
rate) for an in-depth investigation of the interrelationships between 
biological, behavioral, and psychosocial pathways of aging-related 
morbidity and mortality. It included participants from both the orig-
inal MIDUS sample (1995–1996) – developed using a stratified proba-
bility sampling design of English-speaking, community-residing adults 
from the contiguous U.S. – and members of an oversampling of Black 
Americans from Milwaukee, Wisconsin as part of MIDUS II (2004–2006) 
– identified using a stratified sampling frame based on U.S. census tracts 
in which at least 40% of residents were African American. The 
Biomarker Project subsample was comparable to the overall MIDUS II 
sample on most demographic and health characteristics. 

The current study focused on Black Biomarker Project participants. 
The analytic sample included 151 Black women and 74 Black men who 
had complete data on all 5 inflammatory biomarkers used in our 
outcome variable and had completed the MIDUS II interview and self- 
administered questionnaire. Eleven Black adults were excluded from 
the analytic sample because they had insufficient inflammatory 
biomarker data due to partial (n = 6) or missing (n = 3) blood samples or 
were the randomly selected member of a sibling pair dropped from the 
analysis (n = 2). The demographic and health characteristics of excluded 
individuals were comparable to the analytic sample according to t- and 
chi-squared tests. 

2.1. Data collection 

Discrimination measures used in the current study were taken from 
the MIDUS II Survey Study self-administered questionnaire. Data for the 
inflammatory burden outcome measure were collected as part of the 
Biomarker Project, approximately 25 months after participants 
completed the MIDUS II Survey Study. Participants attended 2-day clinic 
visits where they provided biological specimens (blood, urine, saliva) for 
assessing multiple indicators of major biological systems. During the 
visit, they also completed clinical assessments (cardiovascular and heart 
rate variability measurements), a full medical history, detailed medi-
cation charting, and a physical exam (Ryff et al., 2019). All travel ex-
penses were covered. All five relevant inflammatory markers were 
processed from fasting blood samples collected during the second day of 
the clinic visit according to a standardized protocol (Love et al., 2010). 
Health covariates were also collected in the Biomarker Project. IRB re-
view and participant informed consent were obtained for all study 
components. 

2.2. Measures 

2.2.1. Inflammatory burden 
A composite score of chronic inflammatory burden was used to 

capture the extent of dysregulation across multiple inflammatory in-
dicators, consistent with the measure used by Ong and Williams (2019). 
Scores were created by summing the number of inflammatory bio-
markers, out of five, in which participants’ values fell within the highest 
risk quartile (Glei et al., 2013; Kang and Marks, 2014; Ong and Williams, 
2019). Highest risk quartiles were used since neither overall nor 
sex-specific thresholds indicating clinical risk have been established for 
most of these inflammatory biomarkers (Kang and Marks, 2014). 
Quartiles for each inflammatory biomarker were established based on 
biomarker distributions within the full Biomarker Project sample, 
consistent with the approach used in previous research (Kang and 
Marks, 2014). The inflammatory biomarkers included in this measure 
were C-reactive protein (CRP; an acute inflammatory protein that in-
creases up to 1000-fold at sites of infection or inflammation) (Sproston 
and Ashworth, 2018), interleukin-6 (IL-6; a proinflammatory cytokine 
secreted by leukocytes in order to stimulate the immune response and 
synthesis of CRP) (Sproston and Ashworth, 2018), fibrinogen (an acute 
phase protein produced in the liver that increases during injury, infec-
tion, and inflammation), E-selectin (a cell adhesion molecule expressed 
as part of the inflammatory response to endothelial damage), and 
intercellular adhesion molecule (ICAM; is an Ig-like cell adhesion 
molecule expressed by several types of cell, including leukocytes and 
endothelial cells. ICAMs play a role in inflammatory processes, immune 
responses, e.g., the T-cell mediated host defense system, and are 
important in intracellular signaling events) (van de Stolpe and van der 
Saag, 1996). Potential scores ranged from 0 (no inflammatory markers 
in the top quartile) to 5 (all inflammatory markers in the top quartile). 

2.2.2. Chronic discrimination 
We examined four forms of chronic discrimination. Lifetime 

discrimination (Williams et al., 1997) was assessed with 11-items asking 
participants whether they had experienced several examples of major 
discrimination in their lifetimes because of their race, ethnicity, gender, 
age, religion, physical appearance, sexual orientation, or other charac-
teristics. Examples included being discouraged from or denied oppor-
tunities, being denied or provided with inferior services, and being the 
target of social or police hostility. This was a general measure of 
discrimination in that participants did not identify which identities they 
attributed reported discrimination to. We created an index score indi-
cating the number of different types of lifetime discrimination partici-
pants reported. Daily discrimination was measured with a 9-item 
variation of the Everyday Discrimination Scale (Kessler et al., 1999). 
Items assessed how frequently participants experienced various forms of 
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routine discrimination in their daily lives. Response options ranged from 
1 (often) to 4 (never). Responses were reverse coded and averaged for 
participants responding to at least 4 items, such that higher scores 
indicated more daily discrimination. Cronbach’s α = 0.904. Chronic job 
discrimination (Sternthal et al., 2011) data were collected from the 
portion of the sample that was currently employed or had worked for 
pay in the past ten years. Using 6-items, participants reported how 
frequently they were discriminated against at work, such as being 
watched more closely or witnessing racial slurs or jokes. Response op-
tions were coded: 4 (once a week or more), 3 (a few times a month), 2 (a few 
times a year or less), and 1 (never). Items were averaged for participants 
responding to at least half the items, such that higher scores reflected 
more discrimination. Cronbach’s α = 0.815. Perceived inequality at 
work was also only assessed for those employed currently or in the past 
ten years. Participants were asked 6-items on how much they perceived 
themselves to receive less work-related respect, opportunities, and 
satisfaction than others. Responses options ranged from 1 (a lot) to 4 (not 
at all). Negative items were reverse coded, and all items were averaged 
for participants responding to at least half the items. Higher scores re-
flected more perceived inequality. Cronbach’s α = 0.716. 

2.2.3. Sex 
Sex was self-reported as either male or female (reference group). 

2.2.4. Demographic and health covariates 
Demographic covariates included age and education. Age (years) 

was measured at the time of the Biomarker Project clinic visit. Educa-
tion was categorized as no high school degree and no Graduate Equiv-
alency Degree (GED; reference group), high school diploma or GED, 
some college, or bachelor’s degree. Health covariates were collected 
during the Biomarker Project and included tobacco use, body mass index 
(BMI), and five indicators (yes/no) of current physical and mental health 
conditions with potential to confound analyses (i.e., common, affecting 
>5% of the sample, and associated with inflammatory burden or indi-
vidual inflammation biomarkers in preliminary analyses, p < .10). To-
bacco use was self-reported regular use of cigarettes, pipes, cigars, 
chewing tobacco, or snuff (yes/no). BMI (kg/m2) was calculated from 
objective measurement of weight and height taken during the clinic visit 
and modeled continuously. High blood pressure (high BP) was taken 
from three seated readings at the clinic visit and defined as an average 
systolic BP ≥ 140 mmHg or diastolic BP ≥ 90 mmHg or use of antihy-
pertensive medications. Diabetes indicated clinic visit measurement of 
hemoglobin A1C ≥ 6.5% or fasting glucose ≥126 mg/dL or reported use 
of oral medications or insulin for diabetes control. Cardiovascular 
condition was determined by the use of prescription medications to treat 
medical conditions associated with the heart and circulatory system. 
Central nervous system medication indicated use of prescription med-
ications affecting the central nervous system, with analgesics to relieve 
and control pain and sedatives most commonly reported. Depression 
represented a score ≥16 on the 20-item Center for Epidemiologic Studies 
Depression scale (CES-D) (Radloff, 1977), indicating at risk for clinical 
depression, or current use of prescription antidepressants (Cronbach’s α 
= 0.785). 

2.3. Data analysis 

Statistical analyses were conducted in SPSS 28 (IBM Corp., Armonk, 
NY). Given the modest sample size and associated statistical power in 
this exploratory study, we investigated relationships identified as sig-
nificant (p < .05) or marginally significant (p < .10) in two-tailed tests. 
Multiple imputation was not necessary due to the small portion of 
missing data (<1.2% overall; (Cheema, 2014)). We ran Pearson’s 
bivariate correlations for all chronic discrimination measures (see Sup-
plemental Table 1). The characteristics of Black women and men were 
compared in descriptive analyses using two-tailed t and χ2 tests for in-
dependent samples. We also compared the characteristics of working 

individuals (n = 150) to the full sample (n = 225) using one-sample t- 
and proportion tests. 

We used a twofold approach entailing multivariable ordinary least 
squares regression to identify associations between multiple measures of 
discrimination and inflammatory burden for Black Americans, including 
testing for potential sex differences. First, we regressed inflammatory 
burden on each individual discrimination measure, modeled separately. 
Model sample sizes varied based on the number of participants who 
provided data on each chronic discrimination measure; samples sizes for 
the job discrimination and perceived inequality at work models were 
smaller (n = 149 and n = 150, respectively) than those for lifetime and 
everyday discrimination (n = 224 and n = 225, respectively) since only 
participants who had worked in the past ten years completed the rele-
vant employment discrimination survey items. Models were calculated 
unadjusted for the full sample (Model 1), after accounting for a sex 
indicator variable (male, with female as the reference group; Model 2), 
and in combination with key demographic and health covariates (Model 
3). Moderation of chronic discrimination-inflammatory burden re-
lationships by sex was assessed with interaction terms (product of the 
sex indicator variable and each discrimination measure; Model 4). We 
probed the nature of these sex interaction terms, specifically identifying 
which groups – Black women, Black men, or both – showed evidence of 
significant chronic discrimination-inflammatory burden relationships, 
with subsequent simple slopes tests (t-tests of the slopes divided by their 
standard errors; Aiken et al., 1991). 

Second, we regressed inflammatory burden on all four chronic 
discrimination measures, modeled simultaneously in supplementary 
analyses. This approach allowed us to examine the joint effects of all 
four forms of discrimination as well as the unique amount of variation 
attributed to each individual form of discrimination above and beyond 
that which is shared with other forms of discrimination. This twofold 
approach further distinguishes the contribution of this research from 
prior work. 

3. Results 

3.1. Descriptive statistics 

The full sample included 225 Black participants, most of whom 
(86.2%) were enrolled in MIDUS as part of the oversampling of African 
Americans in Milwaukee. Descriptive data are presented in Table 1. The 
overall sample was 67.1% female (n = 151) and 32.9% male (n = 74), 
with a mean age of 53.7 years old (range = 37–85 years). Black women 
and men were comparable in age and education. Black women were less 
likely than Black men to be currently employed and use tobacco. Black 
women had a significantly higher average BMI and were more likely to 
be obese (BMI ≥30) than Black men. Black women reported higher rates 
of all five health conditions, though differences did not achieve statis-
tical significance. Black men reported higher levels of discrimination 
than women; however, only sex differences in chronic job discrimina-
tion were significant (p < .001) and sex differences in daily discrimi-
nation were marginally significant (p = .061). In contrast, Black women 
had greater inflammatory burden than Black men overall (2.09 vs. 1.66, 
p = .024) and for 4 of the 5 inflammation biomarkers (i.e., CRP, IL-6, 
fibrinogen, and ICAM); however, only sex differences in fibrinogen 
were statistically significant (p = .003) and in IL-6 were marginally 
significant (p = .085). When comparing the full sample to the subsample 
who completed the work-related discrimination items (see Table 2), the 
full sample was slightly older (53.70 vs. 51.97 years) but comparable to 
the working subsample on other characteristics. 

3.2. Discrimination and inflammatory burden among Black Americans 

Relationships between each individual chronic discrimination scale 
and inflammatory burden are reported in Tables 3–6. In unadjusted 
Model 1, higher levels of reported lifetime discrimination (b = 0.079, 
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SE = 0.032, p = .013) and inequality at work (b = 0.453, SE = 0.157, p =
.004) were associated with more inflammatory burden, while daily and 
job discrimination were not. 

Associations between lifetime discrimination (b = 0.084, SE = 0.031, 
p = .007) and inequality at work (b = 0.456, SE = 0.156, p = .004) and 
inflammatory burden remained robust after accounting for sex in Model 
2. Further adjusting for demographic and health covariates in Model 3 
attenuated, but did not eliminate, associations between lifetime 
discrimination and inequality at work and inflammatory burden (b =
0.058, SE = 0.030, p = .057 and b = 0.332, SE = 0.151, p = .029, 
respectively); in large part because several of the health covariates were 
associated with inflammatory burden. Across all models, tobacco use, 
and BMI were consistently associated with increased inflammatory 
burden, whereas relationships between other covariates and inflam-
matory burden were less reliably detected. 

3.3. Sex differences among Black Americans 

Interaction terms added in Model 4 to identify sex differences in 
relationships between chronic discrimination and inflammatory burden 
were significant in the lifetime (b = -0.173, SE = 0.060, p = .004) and 
job discrimination (b = -0.662, SE = 0.299, p = .029) models; in-
teractions were not significant in daily discrimination and inequality at 

work models. Simple slopes test (see Figs. 1 and 2) indicated that, when 
demographics and health covariates were held constant at sex-specific 
mean values, more lifetime and job discrimination were significantly 
associated or marginally associated with greater inflammatory burden 
for Black women (b = 0.121, t = 3.283, p = .001 and b = 0.386, t =
1.908, p = .058, respectively); lifetime and job discrimination were 
unrelated to inflammatory burden in Black men (b = − 0.052, t =
− 1.083, p = .280 and b = − 0.276, t = − 1.248, p = .214, respectively). 

3.4. Supplementary analyses 

Supplementary analyses were also conducted examining relation-
ships between all four chronic discrimination measures modeled 
simultaneously and inflammatory burden (Supplemental Table 2). In 
unadjusted Model 1, higher levels of reported lifetime discrimination (b 
= 0.084, SE = 0.047, p = .087) and inequality at work (b = 0.424, SE =
0.171, p = .014) were associated with more inflammatory burden, while 
daily and job discrimination were not, consistent with our main analyses 
described above. Associations between lifetime discrimination and 
inequality at work and inflammatory burden remained robust after ac-
counting for sex in Model 2, but both were attenuated after adjusting for 
demographic and health covariates in Model 3 such that only the 

Table 1 
Participant characteristics, by sex. National survey of midlife in the United 
States (MIDUS) wave II 2004–2006 and biomarker project 2004–2009.   

Black 
Women 

Black 
Men 

Sex 
Differences 

% or M 
(SD) 

% or M 
(SD) 

p* 

Demographics 
Age (years) 54.43 

(10.79) 
52.22 
(9.27) 

.113 

Education    
No HS degree & no GED 17.2 16.2 1.000 
HS degree/GED 28.5 31.1 . 756 
Some college 33.8 35.1 .882 
Bachelor’s degree 20.5 17.6 .721 
Currently working 57.0 71.6 .041 
Health 
Tobacco use 24.5 45.9 .002 
Body mass index (BMI) (kg/m2) 33.92 

(9.01) 
30.38 
(6.77) 

.001 

Normal (BMI <25) 11.9 20.3 .110 
Overweight (BMI 25–29.9) 26.5 32.4 .351 
Obese (BMI ≥30) 61.6 47.3 .046 
Health conditions 
High blood pressure 50.3 39.2 .121 
Diabetes 37.7 33.8 .659 
Cardiovascular condition 51.0 40.5 .157 
Central nervous system medication 53.0 48.6 .572 
Depression 37.7 28.4 .182 
Chronic discrimination measures 
Lifetime discrimination 2.87 (2.79) 3.31 

(2.93) 
.272 

Daily discrimination 1.58 (.66) 1.78 (.78) .061 
Chronic job discrimination 1.56 (.57) 1.92 (.71) <.001 
Perceived inequality at work 1.92 (.69) 1.94 (.57) .846 
Inflammatory biomarkers 
Total inflammatory burden 2.09 (1.33) 1.66 

(1.33) 
.024 

C-reactive protein (CRP), top quartile 43.0 31.1 .109 
interleukin-6 (IL-6), top quartile 46.4 33.8 .085 
fibrinogen, top quartile 51.0 29.7 .003 
E-selectin, top quartile 34.4 44.6 .146 
Intercellular adhesion molecule 

(ICAM), top quartile 
34.4 27.0 .290 

Total N 151 
(67.1%) 

74 
(32.9%)  

Note. HS = high school; GED = Graduate Equivalency Degree. *Bold test in-
dicates p < .10. 

Table 2 
Comparison of Participant Characteristics, Full Sample vs. Working Subsample.   

Full Sample Working 
Subsample 

Differences 

% or M 
(SD) 

% or M (SD) p* 

Demographics 
Sex    
Female 67.1 64.0 .471 
Male 32.9 36.0 .471 
Age (years) 53.70 

(10.35) 
51.97 (9.16) .022 

Education 
No HS degree & no GED 16.9 16.0 .853 
HS degree/GED 29.3 28.7 .936 
Some college 34.2 33.3 .890 
Bachelor’s degree 19.6 22.0 .524 
Health 
Tobacco use 31.6 32.7 .847 
Body mass index (BMI) (kg/m2) 32.75 

(8.49) 
32.64 (8.22) .875 

Normal (BMI <25) 14.7 14.0 .899 
Overweight (BMI 25–29.9) 28.4 28.7 1.000 
Obese (BMI ≥30) 56.9 57.3 .980 
Health conditions 
High blood pressure 46.7 43.3 .456 
Diabetes 36.4 36.7 1.000 
Cardiovascular condition 47.6 45.3 .635 
Central nervous system 

medication 
51.6 47.3 .335 

Depression 34.7 30.7 .341 
Chronic discrimination measures 
Lifetime discrimination 3.01 (2.84) 2.93 (2.74) .710 
Daily discrimination 1.65 (.71) 1.66 (.72) .814 
Chronic job discrimination 1.69 (.65) 1.69 (.65) .983 
Perceived inequality at work 1.93 (.65) 1.93 (.65) 1.000 
Inflammatory biomarkers 
Total inflammatory burden 1.94 (1.35) 1.84 (1.28) .292 
C-reactive protein (CRP), top 

quartile 
39.1 40.7 .757 

interleukin-6 (IL-6), top quartile 42.2 38.7 .427 
fibrinogen, top quartile 44.0 40.0 .366 
E-selectin, top quartile 37.8 34.7 .479 
Intercellular adhesion molecule 

(ICAM), top quartile 
32.0 30.0 .662 

Total N 225 
(100.0%) 

150 (66.7%)  

Note. HS = high school; GED = Graduate Equivalency Degree. *Bold test in-
dicates p < .10. 
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association between inequality at work and inflammatory burden 
remained marginally significant (b = 0.295, SE = 0.163, p = .072). 
Multicollinearity prevented examination of moderation by sex in this 
analysis. 

3.5. Summary 

When examined individually, lifetime discrimination and inequality 
at work predicted higher levels of inflammatory burden, adjusting for 
sex, other demographics, and health covariates. Analyses testing 

Table 3 
Relationship Between Lifetime Discrimination and Inflammatory Burden among Black Americans, n = 224.   

Model 1 Model 2 Model 3 Model 4 

b SE p* b SE p* b SE p* b SE p* 

Lifetime discrimination .079 .032 .013 .084 .031 .007 .058 .030 .057 .121 .037 .001 
Sex (male)    − .475 .188 .012 − .324 .180 .073 .220 .258 .394 
Age       − .014 .010 .157 − .016 .010 .092 
Education       − .041 .090 .646 − .066 .088 .455 
Tobacco use       .482 .201 .018 .438 .197 .028 
BMI       .050 .011 <.001 .049 .010 <.001 
High BP       .284 .177 .111 .292 .174 .096 
Diabetes       .057 .184 .757 .091 .181 .617 
Cardiovascular       .218 .196 .267 .235 .193 .223 
CNS medication       .309 .184 .094 .322 .181 .076 
Depression       .295 .180 .103 .240 .178 .178 
Interaction: Lifetime discrimination * Sex        − .173 .060 .004 
Intercept 1.719 .130 <.001 1.858 .140 <.001 .380 .683 .579 .403 .672 .550 
R2 .027 .055 .249 .278 
FΔ R2(p) 6.201 (.013) 6.386 (.012) 6.110 (<.001) 8.401 (.004) 

Note. BMI = body mass index (kg/m2); high BP = high blood pressure; CNS = central nervous system medication use. *Bold test indicates p < .10. 

Table 4 
Relationship Between Daily Discrimination and Inflammatory Burden among Black Americans, n = 225.   

Model 1 Model 2 Model 3 Model 4 

b SE p* b SE p* b SE p* b SE p* 

Daily discrimination .133 .128 .298 .174 .127 .173 .054 .120 .653 .197 .152 .196 
Sex (male)    − .465 .191 .016 − .297 .183 .107 .328 .450 .466 
Age       − .012 .010 .213 − .013 .010 .204 
Education       − .005 .087 .958 − .007 .087 .936 
Tobacco use       .525 .203 .010 .493 .204 .016 
BMI       .053 .011 <.001 .053 .011 <.001 
High BP       .328 .178 .066 .321 .177 .072 
Diabetes       .042 .185 .820 .048 .184 .794 
Cardiovascular       .169 .196 .390 .189 .196 .335 
CNS medication       .346 .184 .062 .368 .184 .047 
Depression       .286 .181 .115 .277 .180 .126 
Interaction: Daily discrimination * Sex        − .363 .238 .130 
Intercept 1.732 .229 <.001 1.817 .229 <.001 .202 .709 .776 − .015 .721 .984 
R2 .005 .031 .236 .244 
FΔ R2(p) 1.086 (.298) 5.924 (.016) 6.345 (<.001) 2.312 (.130) 

Note. BMI = body mass index (kg/m2); high BP = high blood pressure; CNS = central nervous system medication use. *Bold test indicates p < .10. 

Table 5 
Relationship Between Job Discrimination and Inflammatory Burden among Black Americans, n = 150.   

Model 1 Model 2 Model 3 Model 4 

b SE p* b SE p* b SE p* b SE p* 

Job discrimination .064 .161 .692 .126 .166 .449 .085 .152 .576 .386 .202 .058 
Sex (male)    − .316 .225 .162 − .128 .210 .544 1.029 .563 .069 
Age       − .011 .013 .380 − .013 .012 .314 
Education       .012 .100 .908 − .039 .101 .704 
Tobacco use       .629 .225 .006 .584 .223 .010 
BMI       .044 .012 <.001 .044 .012 <.001 
High BP       .591 .209 .005 .557 .206 .008 
Diabetes       .356 .223 .114 .304 .222 .173 
Cardiovascular       .227 .221 .307 .245 .218 .264 
CNS medication       .312 .217 .153 .307 .214 .155 
Depression       .243 .218 .266 .223 .215 .302 
Interaction: Job discrimination * Sex        − .662 .299 .029 
Intercept 1.732 .291 <.001 1.740 .290 <.001 − .047 .888 .957 − .327 .885 .713 
R2 .001 .014 .290 .315 
FΔ R2(p) .158 (.692) 1.980 (.162) 5.962 (<.001) 4.893 (.029) 

Note. BMI = body mass index (kg/m2); high BP = high blood pressure; CNS = central nervous system medication use. *Bold test indicates p < .10. 
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whether relationships between discrimination and inflammatory burden 
were moderated by sex (i.e., interactions) revealed significant sex dif-
ferences, such that more lifetime and job discrimination were associated 
with greater inflammatory burden in Black women, but not in Black 
men. When modeled simultaneously in supplementary analyses, only 
inequality at work was marginally associated with inflammatory burden 
after accounting for the variance shared by the other chronic discrimi-
nation measures, demographics, and health covariates. 

4. Discussion 

The goals of this study were two-fold: (1) to examine the relation-
ships between four forms of discrimination (lifetime, daily, and job 
discrimination, and inequality at work) and a composite measure of 
inflammatory dysregulation among middle age and older Black adults; 
and (2) to investigate whether sex differences may exist. Three key 
findings are important. First, Black men generally reported higher levels 
of discrimination than women (3 out of 4 forms), though only differ-
ences in reported job discrimination achieved statistical significance. In 
contrast, Black women had greater overall inflammatory burden than 
men, particularly elevated levels of fibrinogen. Second, higher levels of 

reported lifetime discrimination and inequality at work were associated 
with more inflammatory burden in both unadjusted and adjusted 
models. Third, sex-modified associations between lifetime and job 
discrimination and inflammatory burden, such that more lifetime and 
job discrimination predicted greater inflammatory burden in Black 
women but not in Black men. Collectively, these findings suggest Black 
adults who experience specific forms of discrimination may be at great 
risk for physiological dysregulation. Further, the findings demonstrate 
that the discrimination-inflammation link varies by sex, such that 
discrimination may be a more salient risk factor for chronic inflamma-
tion in Black women than in Black men. This appears to be the case even 
though Black men report higher levels of discrimination. These findings 
highlight the potential consequences of discrimination in the lives of 
Black Americans and further illustrate that middle age and older Black 
women may be at an increased risk for discrimination-related inflam-
mation and associated adverse health outcomes. 

These findings are consistent with studies that have shown discrim-
ination is linked with greater chronic inflammation among women, 
particularly Black women. For example, using a community sample of 
Black women ages 30–50, Nuru-Jeter et al. (2013) found a positive as-
sociation between racial/ethnic discrimination and elevated levels of 

Table 6 
Relationship Between Inequality at Work and Inflammatory Burden among Black Americans, n = 149.   

Model 1 Model 2 Model 3 Model 4 

b SE p* b SE p* b SE p* b SE p* 

Inequality at work .453 .157 .004 .456 .156 .004 .332 .151 .029 .400 .176 .025 
Sex (male)    − .306 .212 .152 − .122 .199 .540 .345 .654 .598 
Age       − .007 .013 .580 − .007 .013 .599 
Education       .014 .099 .888 .013 .099 .894 
Tobacco use       .579 .225 .011 .556 .227 .016 
BMI       .044 .012 <.001 .044 .012 <.001 
High BP       .508 .211 .017 .484 .213 .025 
Diabetes       .341 .220 .124 .332 .221 .135 
Cardiovascular       .237 .219 .281 .254 .220 .252 
CNS medication       .314 .214 .145 .314 .214 .145 
Depression       .141 .221 .525 .157 .222 .482 
Interaction: Inequality at work * Sex       − .241 .321 .454 
Intercept .959 .319 .003 1.060 .326 .001 − .676 .893 .450 − .813 .913 .375 
R2 .054 .067 .309 .312 
FΔ R2(p) 8.327 (.004) 2.076 (.152) 5.342 (<.001) .564 (.454) 

Note. BMI = body mass index (kg/m2); high BP = high blood pressure; CNS = central nervous system medication use. *Bold test indicates p < .10. 

Fig. 1. Lifetime Discrimination-Inflammatory Burden for Black Women and Men 
Note. Covariates held constant at sex-specific mean values. 
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pro-inflammatory biomarkers (IL-6, TNFα, hsCRP) among women 
reporting higher vs. lower levels of Anticipatory Racism Threat (p < .05) 
(Nuru-Jeter et al., 2013). In the Coronary Artery Risk Development in 
Young Adults (CARDIA) study, Black women who experienced one or 
two episodes of racial/ethnic discrimination in six specified domains 
(compared to those reporting no experiences of discrimination) also had 
higher levels of inflammation (as measured by CRP), adjusting for blood 
pressure, plasma total cholesterol, triglycerides, homeostatic model 
assessment for insulin resistance (HOMA-IR), age, education, commu-
nity, social desirability, and personal control. However, this association 
was not observed in men or White women (Cunningham et al., 2012). In 
another longitudinal study involving 2490 women from racially diverse 
backgrounds (Black, White, Japanese and Hispanic), Beatty-Moody et al. 
(2014) found that in non-obese women (BMI less than 30), higher 
perceived everyday discrimination was associated with higher CRP 
levels over a 7-year period (Beatty-Moody et al., 2014). Ratner et al. 
(2013) have further shown that perceived stigmatization of one’s racial 
group as being more devalued by society was predictive of increased IL-6 
in Black and Latina women, ages 18–44 years. This same study also 
found no association between everyday discrimination and increased 
IL-6 (Ratner et al., 2013). 

The inconsistencies in findings across studies may be partly 
explained by differences in the discrimination measures used. Specif-
ically, the approach to measuring discrimination in the Nuru-Jeter et al. 
(2013) study was to explicitly ask about experiences of racial and ethnic 
discrimination (Nuru-Jeter et al., 2013), and in the Cunningham et al. 
(2012) study participants were asked had they ever experienced racia-
l/ethnic discrimination in six different domains: “at school, getting a job, 
at work, getting housing, getting medical care, on the street or in a 
public setting, and at home.” In comparison, the lifetime discrimination 
measure used in this study (Kessler et al., 1999; Williams et al., 1997) 
inquiries about discriminatory experiences due to any attribution (e.g., 
race, ethnicity, gender, age, or religion). Thus, a respondent’s response 
to a question about general unfair treatment must first be endorsed 
before asking follow-up questions about attribution. Scholars have noted 
these two approaches make different assumptions about how best to 
query respondents and, thus, have unique strengths and limitations (see 
Lewis et al., 2015 for a review). One strength of the Lifetime and 
Everyday Discrimination scales (Williams et al., 1997), the Perceived 
Inequality at Work scale, and, to a lesser degree, the Chronic Job 
Discrimination scale used in this study is that respondents were asked to 

recall and report experiences of discrimination but were not simulta-
neously required to identify the cause. Accordingly, these measures 
entailed a lower level of cognitive challenge. However, a key limitation 
of these measures is that the number of respondents reporting 
mistreatment due exclusively to race or ethnicity cannot be determined 
(Williams, 1999). Thus future research should contrast the two ap-
proaches – those that ask about global experiences of discrimination 
versus those that ask about racial and ethnic discrimination (Lewis et al., 
2015) – and assess their associations with key indicators of physiological 
dysregulation among Black adults. 

The inconsistencies when comparing the current findings with those 
previously reported may further be due to the characteristics of the 
samples and the age cohorts included. A key limitation of the current 
literature is the use of sex-specific subpopulations, including women 
anticipating a racial threat (Nuru-Jeter et al., 2013) and non-obese 
women (Beatty-Moody et al., 2014). The present study used a 
community-based sample of Black adults and thus may be more repre-
sentative of Black women nationwide. Moreover, our sample focused on 
midlife and older ages, with a range of 37–85 years. In contrast, Ratner 
et al. (2013) used a sample of Black and Latina women ages 18–44 years. 
Hence, they looked at early adulthood and midlife (Ratner et al., 2013), 
which may differ in the cumulative effects of discrimination on physi-
ologic systems. More research on this topic is needed with large, na-
tionally representative samples of Black Americans and longitudinal 
data that facilitate investigation of how relationships between discrim-
ination and inflammation may change over the life course. 

In support of this point, evidence shows that experiences of 
discrimination vary based on the time period in the life course that they 
are experienced (Gee et al., 2012). For example, Gee et al. (2007) report 
that age discrimination in the workplace varies as women move from 
being young job seekers to mid-career employees to retirees (Gee et al., 
2007). The authors argue that a key implication of these age-patterned 
exposures is that the frequency and forms of discrimination are likely to 
change over the life course. Our findings lend support to and extend this 
idea through the lens of intersectionality. The middle-aged and older 
Black women in our sample who reported higher lifetime and job 
discrimination had consistently greater inflammatory burden. Thus, the 
effects of discrimination related to race, age, and sex, may reverberate 
across the life course and reinforce one another (Gee et al., 2012) such 
that Black women are put at a greater disadvantage. 

Exposure to discrimination, whether racial or not, is linked to worse 

Fig. 2. Job Discrimination-Inflammatory Burden for Black Women and Men 
Note. Covariates held constant at sex-specific mean values. 
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health outcomes in Black women. For instance, “high vs. low” perceived 
racial discrimination has been associated with lower kidney function 
(eGFR) over time among Black women, ages 30–64 years (Beydoun 
et al., 2017). This same study also found “medium vs. low” perceived 
racial and gender discrimination were both significantly related to 
worse kidney function at follow-up (see supplemental analyses 
Table S2); these associations remained significant after adjustment for 
lifestyle (smoking and drug use), health-related (e.g., self-rated health, 
BMI, hypertension, and diabetes), and psychosocial (depressive symp-
toms) factors, although the effect sizes were attenuated (Beydoun et al., 
2017). Black women (ages 25–50 years) reporting frequent nonracial 
discrimination (e.g., due to gender, age, etc.) versus those reporting no 
exposure to discrimination (as measured by the 6-item Everyday 
Discrimination Scale) had higher odds of hypertension, adjusting for 
age, education, BMI, and instrumental and emotional support) (Roberts 
et al., 2007). 

Overall, these studies show that Black women exposed to higher 
levels of discrimination are more likely to experience adverse health 
outcomes, including greater inflammation (Beatty-Moody et al., 2014; 
Beydoun et al., 2017; Cunningham et al., 2012; Nuru-Jeter et al., 2013; 
Roberts et al., 2007). These findings are independent of demographics, 
health-related or psychosocial factors (e.g., social desirability, mastery, 
receiving social support), and are robust regardless of the measure of 
discrimination (racial/ethnic, nonracial, gender, everyday, etc.) or 
study design (sample characteristics, age cohort included, or period of 
the life course). Our findings likewise show that Black women exposed 
to higher levels of discrimination (lifetime and job) have greater 
inflammation, independent of demographic and health-related factors. 
Further highlighting the importance of investigating multiple forms of 
discrimination on health outcomes among Black women. 

4.1. Limitations 

First, our discrimination measures were based on self-report and did 
not include assessments of institutional or structural racism (e.g., resi-
dential segregation, criminal justice system bias, racial profiling and 
police brutality). This limited our ability to effectively assess the health 
consequences of discrimination occurring at multiple levels of influence. 
Second, our study included a relatively modest sample of Black men (n 
= 76) and a smaller working-only sample of men (n = 56). Thus, we 
were unable to detect weak effect sizes or small sex-based differences in 
associations between discrimination and inflammatory burden. There-
fore, additional research in this area using larger samples of Black men 
and working individuals is warranted. Third, the sample’s older age 
range may be an important consideration with our findings. Theoretical 
and empirical research suggests that chronic or daily exposure to 
stressors cumulatively weathers the body over the life course, particu-
larly in Black women (Geronimus et al., 2010). Perhaps by the latter half 
of the lifespan, inflammatory systems are dysregulated and unrespon-
sive to current or recent exposure to chronic discrimination. Replicating 
this study with a younger age cohort or with longitudinal data may 
clarify whether relationships between chronic discrimination and in-
flammatory burden are consistent or vary across different stages of the 
lifespan. Finally, we did not weight the results to be nationally repre-
sentative because of the variable sampling strategies used in MIDUS II 
and the Biomarker Project. 

5. Conclusions 

This study sheds light on the biological underpinnings of exposure to 
multiple forms of discrimination and sex-based differences in the 
discrimination-inflammation relationship. To our knowledge, the pre-
sent analysis is among the first to consider associations between four 
different forms of discrimination and a composite measure of inflam-
matory burden and potential sex differences within a sample of middle- 
aged and older U.S. Blacks. Although the mechanisms underlying the 

observed associations in men and women have yet to be disentangled, 
these findings add to the growing literature linking discrimination to 
inflammation in Black women and highlights the critical need for more 
sex-specific research in this area. 
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