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Abstract

Objectives—We examined the association between socioeconomic status (SES) discrimination
and C-reactive protein (CRP) in a biracial cohort of middle-aged adults using an intersectionality
framework.

Methods—~Participants were 401 African-American and White adults from a population-based
cohort in the Southeastern United States. SES discrimination was self-reported with a modified
Experiences of Discrimination Scale, and CRP levels were assayed from blood samples. Linear
regression analyses were used to examine the associations among SES discrimination, race,
education, and CRP after controlling for age, gender, racial and gender discrimination, financial
and general stress, body mass index, smoking, sleep quality, and depressive symptoms.
Intersectional effects were tested using racexSES discrimination, educationxSES discrimination
and racexeducationxSES discrimination interactions.

9Corresponding Author: 1518 Clifton Rd, NE, CNR Room 3027, Department of Epidemiology, Rollins School of Public Health,
Emory University, Atlanta, Georgia, 30322 USA, Phone: 404-727-6706, tene.t.lewis@emory.edu.

Conflicts of Interest: No conflicts were declared for all authors.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Van Dyke et al. Page 2

Results—Adjusting for sociodemographics, racial discrimination, gender discrimination, and all
relevant two-way interaction terms, we observed a significant racexeducationxSES discrimination
interaction (p=0.019). In adjusted models stratified by race and education, SES discrimination was
associated with elevated CRP among higher educated African-Americans ($=0.29, p=0.018), but
not lower educated African-Americans (f= —0.13, p=0.32); or lower educated (p= —0.02, p=0.92)
or higher educated (= -0.01, p=0.90) Whites.

Conclusions—Findings support the relevance of SES discrimination as an important

discriminatory stressor for inflammation specifically among higher educated African-Americans.
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African-Americans; Social discrimination; C-reactive protein; Inflammation

1. Introduction

Research examining the impact of discrimination as a psychosocial stressor on health has
grown considerably over the past decade (Lewis et al., 2015). Across studies, reports of
discrimination have been associated with a number of important health outcomes, such as
coronary artery calcification (Lewis et al., 2006), obesity (Hunte, 2011; Lewis et al., 2011),
hypertension (Dolezsar et al., 2014), breast cancer (Taylor et al., 2007), depression (Schulz
et al., 2006), sleep (Slopen et al., 2015), and asthma (Coogan et al., 2014). However, this
literature has primarily focused on racial discrimination or overall mistreatment (Lewis et
al., 2015), with some attention given to discrimination based on weight (Sutin et al., 2014).

Discrimination based on social class, or socioeconomic status (SES) discrimination, has
been less widely studied; although it is known that membership in higher, versus lower,
social classes affords individuals access to opportunities and resources that may positively
impact health (Adler and Newman, 2002). SES discrimination can be conceptualized as the
unfair treatment of an individual or group because of their perceived or actual social
standing (e.g., based on occupation, income, education, etc.). SES discrimination may be
particularly relevant for health in today’s society given the well-established association
between SES-related factors and health (Adler and Stewart, 2010) and the increasing divides
along lines of education, income and wealth in the U.S. (Congressional Budget Office,
2011). In a recent study of 425 African-American and White adults (Van Dyke et al., 2016)
from the Morehouse & Emory Team-up to Eliminate Cardiovascular Health Disparities
(META-HEALTH) cohort, an association between self-reported SES discrimination and
poor sleep was observed among African-Americans, but not Whites. This association was
independent of financial stress and other forms of discrimination. Additional exploratory
analyses revealed that SES discrimination was particularly harmful for sleep among higher
educated African-Americans, but not lower educated African-Americans or lower or higher
educated Whites. These results suggest that SES discrimination may be a particularly
relevant psychosocial stressor for health among higher educated African-Americans.

Findings from this study are consistent with an “intersectional” theoretical framework
(Crenshaw, 1991), which argues that individuals holding intersecting racial and
socioeconomic identities have unique life experiences of both “oppression” and
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“opportunity” that can impact their health over the life-course (Jackson and Williams, 2006).
For example, while higher educated African-Americans are considered socially advantaged
in terms of economic position, they still occupy a disadvantaged status of being a racial
minority. Thus, their education-related opportunities and life experiences cannot be
considered independent of their racial status; and vice-versa, their life experiences and
opportunities related to their race cannot be considered independent of their educational
status.

The current study was designed to build upon previous research (Van Dyke et al., 2016) by
examining the independent association between SES discrimination and C-reactive protein
(CRP) in middle-aged African-American and White adults from the META-HEALTH cohort
using an intersectionality framework. CRP is a marker of inflammation that has been linked
to an increased risk of cardiovascular events (Cushman et al., 2009; Ridker et al., 2000;
Rutter et al., 2004). Across studies, African-Americans and lower SES individuals have
elevated levels of CRP compared to Whites and their higher SES counterparts; however, the
socioeconomic gradient observed in CRP levels for Whites has not been consistently
observed in African-Americans (Fuller-Rowell et al., 2015; Gruenewald et al., 2009).

Self-reports of generic forms of discrimination have been associated with elevated levels of
CRP in at least one prior study of African-American adults (Lewis et al., 2010). Findings for
the association between racial/ethnic discrimination in particular and CRP have been fairly
mixed, with some studies observing associations between racial/ethnic discrimination and
CRP among African-Americans and Whites (Beatty et al., 2014; Cunningham et al., 2012),
and others not (Albert et al., 2008). Moreover, in two prior studies examining associations
between discrimination and inflammatory markers in general, generic reports of
discrimination were associated with other markers of inflammation, such as 11-6, but not
CRP (Kershaw et al., 2016; Stepanikova et al., 2017). However, none of these studies
focused on discrimination on the basis of SES. Further, while some of these studies
examined whether associations between discrimination and inflammation differed by race
(Beatty et al, 2014; Albert et al, 2008; Kershaw et al 2016), none examined the additional
role of SES in these associations, despite the known relevance of SES to health outcomes.
Thus, it is currently unknown whether: 1) self-reports of discrimination based on SES are
associated with CRP levels; 2) whether any observed associations are independent of other
forms of discrimination, and 3) whether the association varies across groups holding
intersecting racial and socioeconomic identities.

Based on previous research, we hypothesized that self-reports of SES discrimination would
be associated with elevated CRP levels independent of racial and gender discrimination,
particularly among higher educated African-Americans. Across studies, higher educated
African-Americans typically report more discrimination (both racial and general) than their
lower educated counterparts (Albert et al., 2008; Bobo and Suh, 2000; Borrell et al., 2006;
Gee, 2002); see Brondolo, et al (Brondolo et al., 2009) for an exception. Additionally, some
studies have found that discrimination (both racial and general) is associated with less
favorable health outcomes among higher, compared to lower, SES African-Americans
(Carliner et al., 2016; Fuller-Rowell et al., 2012; Jackson et al., 1995). Finally, given the
other stressful exposures likely experienced by individuals holding intersecting racial and
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socioeconomic social identities, we also examined whether the association between self-
reports of SES discrimination and CRP was independent of other discriminatory stressors,
such as racial and gender discrimination, as well as general perceived stress and financial
stress.

2. Material and Methods

2.1 Participants

Participants were 469 non-Hispanic African-American and White males and females ages
30-65 from four Metropolitan Atlanta, GA counties. Participants were recruited for the
Morehouse & Emory Team-up to Eliminate Cardiovascular Health Disparities (META-
HEALTH) Study, a two-stage cross-sectional study conducted from March 2006 to October
2009, focused on the cultural, psychosocial, and biological factors of cardiovascular health
in adults. The first stage of the META-HEALTH study included 3,391 individuals who were
randomly sampled and contacted using random digit dialing methodology to complete phone
questionnaire interviews. Within each county, the selection of participants was stratified by
median income to ensure adequate representation of individuals from varying levels of SES.
Of those in the first stage of the study, 469 participated in the second stage of the study,
which included an extended questionnaire interview, a clinical exam, and a blood draw. For
analyses, a total of 68 participants of those 469 were excluded due to missing information on
reports of SES discrimination and/or level of CRP. There were no significant differences in
the distribution of study variables between participants excluded from analyses due to
missing information on reports of SES discrimination and/or level of CRP (n=68) and
participants included in analyses (n=401) (p’s>0.05); however, there were marginal
differences in scores on the Pittsburgh Sleep Quality Index, with included participants
reporting more sleep problems than excluded participants (p=.08). Our final analytic sample
was 68.2% female, 54.1% college-educated, and included a total of 401 participants-- 207
African-Americans and 194 Whites. During analyses, an additional 41 participants were
excluded due to missing data on covariates. All participants provided written informed
consent, and this study was approved by the Emory and Morehouse institutional review
boards.

2.2 Reports of Discrimination

The Experiences of Discrimination Scale was used to measure reports of SES
discrimination. The Experiences of Discrimination scale has demonstrated high levels of
validity and reliability and has been widely used in both African-American and White
populations (Krieger et al., 2005). A modified version of the scale developed by the original
authors was utilized to measure SES discrimination (Krieger and Sidney, 1997). Participants
were asked if they had ever “been prevented from doing something” or “been hassled or
made to feel inferior” because of their “socioeconomic position or social class,” in a number
of different settings including: at school, getting a job, at work, getting medical care, from
the police or in the courts on the street or in a public setting. These questions were repeated
for racial, and then gender discrimination, respectively. Since most participants in our
sample reported discrimination in no or only one setting, discrimination scores were highly

Psychoneuroendocrinology. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Van Dyke et al.

Page 5

skewed. Therefore, a dichotomous ever/never variable was used for each type of
discrimination (Hunte and Williams, 2009).

2.3 C - Reactive Protein

Venous blood samples were collected in sodium heparin tubes from participants who were
instructed to fast 12 hours prior to the clinical exam during the second stage of the study.
CRP was assayed by immunonephelometry (Siemens/Dade Behring) using plasma frozen at
=70° C (Morris et al., 2011).

2.4 Demographics

Self-reported age, race (non-Hispanic African-American, non-Hispanic White), education,
and gender were collected in the first stage of the study. We chose to use education as the
primary measure of SES because it remains relatively constant throughout adulthood and is
less likely compared to other measures of SES, such as income and wealth, to have a large
amount of missing responses. Finally, and most importantly, prior studies have consistently
documented differences in reports of discrimination by educational attainment among
African-Americans across a range of cohorts (Albert et al., 2008; Bobo and Suh, 2000;
Borrell et al., 2006; Gee, 2002). Participants were asked to indicate the highest level of
education they completed (no school, elementary, some high school, some college or
technical school, or college graduate). Educational attainment was dichotomized as higher
educated (college graduate) or lower educated (no school, elementary, some high school,
some college or technical school).

2.5 Covariates

Covariates were selected based on previous literature identifying them as potential correlates
of discrimination and/or CRP (Lewis et al., 2010; O'Connor et al., 2009) and included body
mass index (BMI), sleep quality, depressive symptoms, perceived stress, financial stress, and
smoking status. BMI was measured during the clinical exam, and was calculated using
measured height and weight (BMI= weight (kg)/height (m2). Depressive symptoms were
measured with the Beck Depression Inventory-11 (BDI-11) (Beck et al., 1961) , a 21-item
questionnaire assessing depressive symptoms in the past two weeks. Questions from the
BDI-11 were summed to create a composite BDI-I1 score with a potential range of 0-63. The
Pittsburgh Sleep Quality Index (PSQI) (Buysse et al., 1989), a 19-item questionnaire that
measures aspects of sleep over the preceding month, was used to assess subjective sleep
quality. Questions from the PSQI were summed to create a composite score ranging from 0-
21, with higher scores indicating more sleep complaints and lower quality sleep.

Perceived stress was measured using the Perceived Stress Scale, a reliable and valid 14-item
scale assessing general feelings of stress (Cohen et al., 1983), with composite scores ranging
from 0 to 56. Financial stress was assessed with three questions examining stress related to
paying for (1) medical care, (2) food, or (3) bills. For each respective scenario, those
reporting financial stress once in a while, fairly often, or very often were given a score of 1,
and scores were summed across the three scenarios to create an ordinal measure ranging
from 0-3. Smoking status was categorized as “never,” “former,” or “current.” “Former”
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smokers reported having smoked at least 100 cigarettes in their entire life, though they
reported not currently smoking cigarettes.

2.6 Statistical Analysis

Study variables were characterized by race and educational status using descriptive and
correlation analyses. Linear regression analyses were used to examine associations among
race, education, self-reports of SES discrimination and C-reactive protein. In order to
examine intersectional effects, we formally tested for race x SES discrimination, education x
SES discrimination and race x education x SES discrimination interactions in non-stratified
linear models containing race, education, and all relevant two-way interactions. We observed
a significant three-way race x education x SES discrimination interaction in the non-
stratified models, and thus ran additional, linear regression models stratified by race and
education. For non-stratified models and models stratified by race and education, we
adjusted for age, gender (Step 1), reports of racial and gender discrimination (Step 2), BMI,
smoking status, perceived stress, financial stress (Step 3), and subjective sleep quality and
depressive symptoms (Step 4). Since levels of CRP were right-skewed in our sample, they
were log-transformed in regression analyses. No multicollinearity was observed. All
analyses were conducted using SAS software version 9.4 (SAS® Institute, Inc., Cary, NC,
USA). An alpha level of 0.05 was used for analyses.

3. Results

3.1 Participant Characteristics

Descriptive statistics of the analytic sample are presented in Table 1. Among higher
educated participants, African-Americans were younger (p=0.009) and more likely to report
both SES and racial discrimination (p<0.01) than their White counterparts. Among lower
educated participants, African-Americans were more likely than Whites to report financial
stress (p<0.001), SES discrimination (p=0.047), and racial discrimination (p=0.004). Among
higher educated participants, there were racial differences in health status variables, such
that among higher educated participants, African-Americans had higher levels of CRP
(p=0.001), BMI (p<0.001), and subjective sleep quality (p=0.021) than their White
counterparts. There were no racial differences in health status variables among lower
educated participants.

In correlation analyses (Supplementary tables 1-4), racial and gender discrimination were
moderately correlated with SES discrimination in all four race by education categories (r=
0.21-0.50; all p-values <0.05). SES discrimination was correlated with CRP levels in higher
educated African-Americans only (r=0.33, p=0.0028).

3.2. Primary Analyses

In a linear regression model adjusted for sociodemographics, racial discrimination, gender
discrimination, and all relevant two-way interaction terms, there was a significant race x
education x SES discrimination interaction (p=0.019). After additional adjustment for BMI,
smoking status, perceived stress, financial stress, subjective sleep quality, and depressive
symptoms, this interaction remained significant (p=0.049). The interaction is depicted using
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estimated marginal means from fully adjusted linear regression models in Figure 1. Because
CRP was initially log-transformed, values were back-transformed using geometric means.
As shown in Figure 1, the association between SES discrimination and CRP was strongest
among higher educated African-Americans, relative to higher educated whites and lower
educated participants from both racial groups. However, there was a slight inverse
association between SES discrimination and CRP among lower educated African-
Americans, although it was not significant (Table 2).

As shown in Table 2, in linear models stratified by race and education and adjusted for age
and gender, SES discrimination was significantly associated with CRP among higher
educated African-Americans (8=0.31, p=0.004, R?=0.12). Reports of SES discrimination
remained associated with elevated CRP levels among higher educated African-Americans
after further adjustment for racial and gender discrimination (p=0.36, p=0.005, R2=0.13),
BMI, smoking status, financial and perceived stress (p=0.32, p=0.008), and sleep quality and
depressive symptoms (8=0.29, p=0.018, R2=0.39) (Table 2).

No association between reports of SES discrimination and CRP was found among higher
educated Whites in minimally or fully-adjusted models (8=0.05, p=0.50, R2=0.05; g= —0.01,
p=0.90, R?=0.19), or among lower educated Whites in minimally or fully-adjusted models
(B=0.21, p=0.12, R?=0.05; = -0.02, p=0.92, R2=0.42) or among lower educated African-
Americans in minimally or fully-adjusted models (8= —0.10, p=0.35, R2=0.05; p= —0.13,
p=0.32, R?=0.21) (Table 2).

Among covariates in fully-adjusted models (Table 3), BMI was significantly associated with
elevated CRP among all participants (p<0.01). For higher educated African-Americans,
perceived stress (=0.02, p=0.04) and sleep quality (B=0.04, p=0.04) were associated higher
levels of CRP, and higher depressive symptoms (= —0.03, p=0.04) were associated with
lower levels of CRP. For higher educated Whites, older age was associated with higher CRP
(p=0.01, p=0.04). Racial discrimination was not significantly associated with CRP in fully-
adjusted models for any race by education group (p>0.05).

3.3 Exploratory Analyses

We calculated adjusted mean differences in CRP levels between groups to further explore
differences by reports of SES discrimination across race and education. Because of the small
numbers within race by education by reports of SES discrimination groups (i.e. lower
educated Whites) these analyses were exploratory in nature. Significant differences were
observed between higher educated African-Americans reporting SES discrimination and all
other groups (e.g. lower educated African-Americans reporting SES discrimination; higher
educated whites reporting SES discrimination, etc.; all p-values<.05) except lower educated
whites reporting SES discrimination (p=.17) and lower educated African-Americans not
reporting SES discrimination (p=.52). Differences between higher educated African-
Americans reporting SES discrimination and lower educated whites not reporting SES
discrimination were marginally significant (p=.07).

Additional exploratory analyses were conducted to examine the association between racial
discrimination and CRP without SES discrimination in the model in order to more directly
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compare our results to prior research, which has primarily focused on this relationship. In
fully-adjusted models without SES discrimination, racial discrimination was not
significantly associated with CRP among higher educated African-Americans (p=0.13),
higher educated Whites (p=0.62), lower educated African-Americans (p=0.76), or lower
educated Whites (p=0.48).

4. Discussion

In this population-based cohort of African-American and White Adults, reports of SES
discrimination were associated with elevated CRP levels, but only among higher educated
African-Americans. Findings among higher educated African-Americans remained
significant after adjusting for demographics, other forms of discrimination, financial and
general stress, depressive symptoms, and cardiovascular risk factors, including BMI and
smoking which are important potential mediators between psychosocial exposures and levels
of CRP (O'Connor et al., 2009; Taylor et al., 2006). These findings are consistent with a
recent study from this same cohort (Van Dyke et al., 2016) which suggested that reports of
SES discrimination were particularly relevant for sleep among college-educated African-
Americans, and with a growing body of research that has documented the reduced benefit of
SES on health outcomes among African-Americans compared to Whites (Fuller-Rowell et
al., 2015; Lewis et al., 2005). Indeed, in our cohort, predicted values of CRP were highest in
college-educated African-Americans reporting SES discrimination compared to all other
groups — including African-Americans without a college degree. This suggests that SES
discrimination may be one factor that diminishes, or actually outweighs, the potential
protective effect of a college education on CRP for African-Americans. The fact that we
observed significant associations among higher educated African-Americans but not lower
educated African-Americans or Whites illustrates the utility of an intersectional framework
for examining these relationships; however, the underlying explanation for these associations
is less clear.

Although much of the research on discrimination and health among African-Americans has
focused on race-related exposures, the current findings suggest that SES discrimination may
be a particularly salient stressor for higher educated African-Americans. In our sample, 38%
of African-Americans attained a college degree compared to 71% of Whites. Although
trends have improved over time, the attainment of a college degree is less likely and some
have argued, more difficult for African-Americans in comparison to Whites in the U.S.
(Williams and Mohammed, 2013). This may be due in part to known racial differences in
high school completion rates (Heckman and Lafontaine, 2010) and educational access
(Frankenberg, 2013) and quality (McDaniel et al., 2011). Therefore, African-Americans who
have completed a college education may find this aspect of their social identity particularly
valuable. Thus, when confronted with SES discrimination, college-educated African-
Americans may feel that this valued and important social identity, along with the access to
benefits and opportunities (i.e., upward mobility) that come along with that identity, is being
threatened (Cose, 1993; Jackson et al., 2006). Research on status loss suggests that the idea
of possibly losing status can incite physiological responses, such as elevated systolic blood
pressure and pulse pressure (Scheepers et al., 2009), especially among higher status groups.
Although we are unaware of any studies on status loss and inflammation per se, it is possible
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that SES discrimination represents a form of status threat for college-educated African-
Americans that might increase stress-related inflammation.

SES discrimination may be particularly relevant for college-educated African-Americans if
they work or socialize in settings where their levels of income and wealth do not match
those of their White counterparts. There are known differences in the economic return on a
college education for African-Americans as compared to Whites (Emmons and Noeth,
2015). Studies have found that higher education does not provide the same dividends in
income and wealth for African-Americans as it does for Whites. For example, in 2013,
among four-year college graduates, median family income and net worth was 1.8 and 11
times higher, respectively for Whites compared to African-Americans (Emmons and Noeth,
2015). For college-educated African-Americans, this could lead to an inability to maintain
social norms or to “keep up with the Joneses,” which could result in SES discrimination, as
well as social exclusion. A study in a Chicago community among African-American youth
found that striving to maintain the cultural norms of material success was associated with
higher blood pressure, but only among those without the economic means to do so (Sweet,
2010). It is possible that for many college-educated African-Americans, living life in a
relatively lower economic position while in a higher SES environment could lead to social
experiences, including SES discrimination, that are uniquely stressful and result in elevated
inflammation.

It is noteworthy that we did not observe an association between reports of racism and CRP
among higher or lower educated African-Americans in this cohort. Other studies have also
observed null results when examining the effects of racism on health outcomes among
African-Americans (Albert et al., 2008), although some positive associations have been
found (Cunningham et al., 2012; Goosby et al., 2015). But our results are consistent with
those from a 2015 meta-analysis, which found that racism and health associations were
consistently weaker in studies of African-Americans, compared to other racial/ethnic groups
(Paradies et al, 2015). Some have argued that reports of racism may not fully capture the
range of discriminatory stressors that individuals occupying “intersectional” racial and
socioeconomic identities are exposed to (Lewis et al., 2015).

It is also possible that college-educated African-Americans misattribute certain
discriminatory experiences to SES discrimination when they may be due to race (Levin et
al., 2002). There is a strong link between race and class in the United States (Williams and
Mohammed, 2013); thus, college-educated African-Americans may be more likely to be
perceived as lower SES than their White counterparts (Cose, 1993). Using nationally
representative data on 12,686 men and women over a 19-year period, Saperstein and Penner
(2013) found that interviewers were more likely to classify a previously identified White
person as African-American than a previously identified African-American person as White
if that individual had experienced a decrease in social standing (i.e., “becoming unemployed,
impoverished, or living in the inner city).” Consequently, for interviewers, African-
American race was automatically linked to indices of low SES. Nonetheless, despite the
possibility of misattributions, in our cohort reports of SES discrimination were significantly
associated with CRP among college-educated African-Americans, while reports of racial
discrimination were not. This suggests that SES discrimination may be an important form of
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discriminatory stress to consider independent of its possible link to racial discrimination.
Additional research in this area is needed.

The fact that our observed associations were not explained by behavioral factors such as
BMI, smoking, or sleep suggests that more direct physiological pathways may play a role.
There is limited research exploring the mechanistic pathways through which discrimination
influences CRP levels (Berger and Sarnyai, 2015; Williams and Mohammed, 2009).
However, some pathways in which psychosocial stressors, such as discrimination, may be
linked to CRP have been suggested. For one, discriminatory stress has been linked to
dysregulation of the autonomic nervous system in the form of decreased heart rate variability
(Kemp et al., 2016). Studies have also found associations between reports of discrimination
and cortisol dysregulation (Adam et al., 2015; Zeiders et al., 2014). Reports of
discrimination have also been associated with depressive symptoms (Schulz et al., 2006), as
well as visceral fat (Lewis et al., 2011). All of these factors have been linked with
inflammation (Lampert et al., 2008; Miller et al., 2009; O'Connor et al., 2009). Social status-
related stressors may also be linked to inflammation through neurobiological pathways
related to stress response (Berger and Sarnyai, 2014). More research is needed to further
examine pathways through which discriminatory stressors, such as SES discrimination,
might influence levels of CRP, and if the physiological mechanisms that influence CRP
differ by type of discrimination.

There are limitations that should be considered in the interpretation of our study findings. To
begin with, while educational attainment has been a strong correlate of reports of
discrimination in prior studies, we recognize there are limitations to using a single indictor
(e.g., education) as a proxy for SES. In future studies, it may be important to consider
additional indicators of SES to represent intersectional socioeconomic identities.
Additionally, although our primary exposure, reports of SES discrimination, was measured
with one of the most widely used methodologies for assessing discrimination, it was self-
reported and is subject to limitations inherent in self-reported measures (Lewis et al., 2015).
Similarly, while a dichotomization of “ever/never” for experiences of discrimination has
been used in prior research (Hunte and Williams, 2009), this may lead to a limited ability to
examine the relationship between the severity of discrimination and health. Further, because
the current analysis primarily focused on SES and race, we did not examine the association
between SES discrimination and CRP by gender, although prior research has documented
differential associations between other forms of discrimination and CRP by gender
(Cunningham et al., 2012; Kershaw, et al., 2016). It is also important to note that the cross-
sectional design of our study limits the ability to infer a causal relationship between reports
of SES discrimination and CRP. Finally, results from our study should be replicated in a
larger and more geographically and racially diverse cohort. It is possible that certain
intersectional socioeconomic and racial identities (e.g. college-educated and African-
American) may have more or less salience in the US South relative to the Northeast,
Midwest or West Coast. Moreover, our sample included a relatively small number of lower
educated Whites. A recent study (Case and Deaton, 2015) suggests non-Hispanic Whites
with less education have seen the most marked increases in all-cause mortality among
middle-aged non-Hispanic men and women in the U.S. between 1999-2013. Thus,
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socioeconomic-related factors may be particularly important to consider for health in this
group.

Despite these limitations, this study has several strengths. To our knowledge, this is the first
study to examine the association between reports of SES discrimination, and CRP. Our
cohort is unique, in that it is population-based, and includes African-Americans and Whites
with both high and lower levels of education living in a defined geographic area. We also
control for a range of potential confounders- including other stressors- that might explain
our associations. Although replication is needed, our findings expand upon the
intersectionality literature by providing evidence of the importance of examining
psychosocial stressors, specifically discriminatory stressors, using an intersectionality
framework. Our findings also expand upon the current discrimination and CRP literature by
incorporating an understudied form of discriminatory stress, SES discrimination, as a factor
independently associated with elevated levels of CRP.

5. Conclusions

Discriminatory stress related to SES may be an important psychosocial risk factor for
elevated CRP among higher educated African-Americans. In this cohort of non-Hispanic
African-American and White men and women, reports of SES discrimination were
associated with elevated levels of CRP independent of other forms of discriminatory stress
among higher educated African-Americans, but not lower educated African-Americans, or
higher or lower educated Whites. Future studies are needed to replicate these findings and to
consider the relationship between SES discrimination and other important health outcomes.
Moreover, findings from this study underscore the need for future studies to consider
relationships between discriminatory stress and health using an intersectionality framework.
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Acknowledgments

Funding: The Morehouse & Emory Team-up to Eliminate Cardiovascular Health Disparities (META-HEALTH)
Study was supported by the National Institutes of Health (Grants: 1 U01 HL079214-01; 1 U01 HL079156-01; M01-
RR00039; 5U54RR022814). M. Van Dyke received additional funding from National Institutes of Health (Grant 1
T32 HL130025-01A1).

We would like to thank the META-HEALTH study participants and staff.

Acronyms
META-HEALTH Morehouse & Emory Team-up to Eliminate Cardiovascular
Health Disparities
CRP C-reactive protein
SES socioeconomic status
BMI body mass index

Psychoneuroendocrinology. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Van Dyke et al.

References

1.

Page 12

BDI-I1 Beck Depression Inventory-II

PSQI Pittsburgh Sleep Quality Index

Adam EK, Heissel JA, Zeiders KH, Richeson JA, Ross EC, Ehrlich KB, Levy DJ, Kemeny M,
Brodish AB, Malanchuk O, Peck SC, Fuller-Rowell TE, Eccles JS. Developmental histories of
perceived racial discrimination and diurnal cortisol profiles in adulthood: A 20-year prospective
study. Psychoneuroendocrinology. 2015; 62:279-291. [PubMed: 26352481]

. Adler NE, Newman K. Socioeconomic disparities in health: pathways and policies. Health Aff

(Millwood). 2002; 21:60-76. [PubMed: 11900187]

. Adler NE, Stewart J. Preface to the biology of disadvantage: socioeconomic status and health. Ann

N'Y Acad Sci. 2010; 1186:1-4. [PubMed: 20201864]

. Albert MA, Ravenell J, Glynn RJ, Khera A, Halevy N, de Lemos JA. Cardiovascular risk indicators

and perceived race/ethnic discrimination in the Dallas Heart Study. Am Heart J. 2008; 156:1103—
1109. [PubMed: 19033005]

. Beatty DL, Matthews KA, Bromberger JT, Brown C. Everyday Discrimination Prospectively

Predicts Inflammation Across 7-Years in Racially Diverse Midlife Women: Study of Women's
Health Across the Nation. J Soc Issues. 2014; 70:298-314. [PubMed: 25342861]

. Beck A, Ward C, Mendelson M, Mock J, Erbaugh J. An inventory for measuring depression. Arch

Gen Psychiatry. 1961; 4:561-571. [PubMed: 13688369]

. Berger M, Sarnyai Z. “More than skin deep”: stress neurobiology and mental health consequences

of racial discrimination. Stress. 2015; 18:1-10. [PubMed: 25407297]

. Bobo, L., Suh, S. Surveying Racial Discrimination: Analyses From a Multiethnic Labor Market.

New York: Russell Sage Foundation; 2000.

. Borrell LN, Kiefe CI, Williams DR, Diez-Roux AV, Gordon-Larsen P. Self reported health,

perceived racial discrimination, and skin color in African Americans in the CARDIA study. Soc Sci
Med. 2006; 63:1415-1427. [PubMed: 16750286]

10. Brondolo E, Beatty D, Cubbin C, Weinstein M, Saegert S, Wellington R, Tobin J, Cassells A,

11.

12.

13.

Schwartz J. Sociodemographic variations in self-reported racism in a community sample of Blacks
and Latino(a)s. Journal of Applied Social Psychology. 2009; 39:407-429.

Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a
new instrument for psychiatric practice and research. Psychiatry Res. 1989; 28:193-213.

[PubMed: 2748771]

Carliner H, Delker E, Fink DS, Keyes KM, Hasin DS. Racial discrimination, socioeconomic
position, and illicit drug use among US Blacks. Soc Psychiatry Psychiatr Epidemiol. 2016;
51:551-560. [PubMed: 26810670]

Case A, Deaton A. Rising morbidity and mortality in midlife among white non Hispanic
Americans in the 21st century. Proc Natl Acad Sci U S A. 2015; 112:15078-15083. [PubMed:
26575631]

14. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc Behav.

15.

16.

1983; 24:385-396. [PubMed: 6668417]

Congressional Budget Office. Trends in the Distribution of Household Income Between 1979 and
2007. 2011.

Coogan PF, Yu J, O'Connor GT, Brown TA, Cozier YC, Palmer JR, Rosenberg L. Experiences of
racism and the incidence of adult-onset asthma in the Black Women's Health Study. Chest. 2014;
145:480-485. [PubMed: 23887828]

17. Cose, E. The Rage of a Privileged Class. Harper Collins; 1993.
18. Crenshaw K. Mapping the Margins: Intersectionality, Identity Politics, and Violence against

Women of Color. Stanford Law Review. 1991; 43:1241-1299.

19. Cunningham TJ, Seeman TE, Kawachi I, Gortmaker SL, Jacobs DR, Kiefe CI, Berkman LF.

Racial/ethnic and gender differences in the association between self-reported experiences of racial/

Psychoneuroendocrinology. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Van Dyke et al.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 13

ethnic discrimination and inflammation in the CARDIA cohort of 4 US communities. Soc Sci
Med. 2012; 75:922-931. [PubMed: 22682683]

Cushman M, McClure LA, Howard VJ, Jenny NS, Lakoski SG, Howard G. Implications of
increased C-reactive protein for cardiovascular risk stratification in black and white men and
women in the US. Clin Chem. 2009; 55:1627-1636. [PubMed: 19643839]

Dolezsar CM, McGrath JJ, Herzig AJ, Miller SB. Perceived racial discrimination and
hypertension: a comprehensive systematic review. Health Psychol. 2014; 33:20-34. [PubMed:
24417692]

Emmons, WR., Noeth, BJ. Why didn't higher education protect Hispanic and Black wealth?, In the
Balance: Perspectives on Household Balance Sheets. Federal Reserve Bank of St. Louis; 2015.

Frankenberg E. The Role of Residential Segregation in Contemporary School Segregation.
Education and Urban Society. 2013; 45:548-570.

Fuller-Rowell TE, Curtis DS, Doan SN, Coe CL. Racial disparities in the health benefits of
educational attainment: a study of inflammatory trajectories among African American and white
adults. Psychosom Med. 2015; 77:33-40. [PubMed: 25490696]

Fuller-Rowell TE, Doan SN, Eccles JS. Differential effects of perceived discrimination on the
diurnal cortisol rhythm of African Americans and Whites. ' Psychoneuroendocrinology. 2012;
37:107-118. [PubMed: 21689889]

Gee GC. A multilevel analysis of the relationship between institutional and individual racial
discrimination and health status. Am J Public Health. 2002; 92:615-623. [PubMed: 11919062]
Gooshy BJ, Malone S, Richardson EA, Cheadle JE, Williams DT. Perceived discrimination and
markers of cardiovascular risk among low-income African American youth. Am J Hum Biol.
2015; 27:546-552. [PubMed: 25753652]

Gruenewald TL, Cohen S, Matthews KA, Tracy R, Seeman TE. Association of socioeconomic
status with inflammation markers in black and white men and women in the Coronary Artery Risk
Development in Young Adults (CARDIA) study. Soc Sci Med. 2009; 69:451-459. [PubMed:
19524346]

Heckman JJ, Lafontaine PA. The American High School Graduation Rate: Trends and Levels. Rev
Econ Stat. 2010; 92:244-262. [PubMed: 20625528]

Hunte HE. Association between perceived interpersonal everyday discrimination and waist
circumference over a 9-year period in the Midlife Development in the United States cohort study.
Am J Epidemiol. 2011; 173:1232-1239. [PubMed: 21354988]

Hunte HE, Williams DR. The association between perceived discrimination and obesity in a
population-based multiracial and multiethnic adult sample. Am J Public Health. 2009; 99:1285—
1292. [PubMed: 18923119]

Jackson, PB., Williams, D. Gender, Race, Class, & Health: Intersectional Approaches. Jossey-
Bass; San Francisco, CA: 2006. The Intersection of Race, Gender, and SES: : health paradoxes. In
Gender, Race, Class, & Health: Intersectional ApproachesThe Intersection of Race, Gender, and
SES: : health paradoxes.

Jackson B, Kubzansky L, Wright R. Linking perceived unfairness to physical health: The perceived
unfairness model. Review of General Psychology. 2006; 10:21-40.

Jackson PB, Thoits PA, Taylor HF. Composition of the Workplace and Psychological Well-Being:
The Effects of Tokenism on America's Black Elite. Social Forces. 1995; 74:543-557.

Kemp, AH., Koenig, J., Thayer, JF., Bittencourt, MS., Pereira, AC., Santos, IS., Dantas, EM., Mill,
JG., Chor, D., Ribeiro, AL., Bensefior, IM., Lotufo, PA. Psychosom Med. 2016. Race and Resting
State Heart Rate Variability in Brazilian Civil Servants and the Mediating Effects of
Discrimination: An ELSA-Brasil Cohort Study.

Kershaw KN, Lewis TT, Diez Roux AV, Jenny NS, Liu K, Penedo FJ, Carnethon MR. Self-
reported experiences of discrimination and inflammation among men and women: The multi-
ethnic study of atherosclerosis. Health Psychol. 2016; 35:343-350. [PubMed: 27018725]

Krieger N, Sidney S. Prevalence and health implications of anti-gay discrimination: a study of

black and white women and men in the CARDIA cohort. Coronary Artery Risk Development in
Young Adults. Int J Health Serv. 1997; 27:157-176. [PubMed: 9031018]

Psychoneuroendocrinology. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Van Dyke et al.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Page 14

Krieger N, Smith K, Naishadham D, Hartman C, Barbeau EM. Experiences of discrimination:
validity and reliability of a self-report measure for population health research on racism and health.
Soc Sci Med. 2005; 61:1576-1596. [PubMed: 16005789]

Lampert R, Bremner JD, Su S, Miller A, Lee F, Cheema F, Goldberg J, Vaccarino V. Decreased
heart rate variability is associated with higher levels of inflammation in middle-aged men. Am
Heart J. 2008; 156:759 e751-757. [PubMed: 18926158]

Levin S, Sinclair S, Veniegas RC, Taylor PL. Perceived discrimination in the context of multiple
group memberships. Psychol Sci. 2002; 13:557-560. [PubMed: 12430842]

Lewis TT, Aiello AE, Leurgans S, Kelly J, Barnes LL. Self-reported experiences of everyday
discrimination are associated with elevated C-reactive protein levels in older African-American
adults. Brain Behav Immun. 2010; 24:438-443. [PubMed: 19944144]

Lewis TT, Cogburn CD, Williams DR. Self-Reported Experiences of Discrimination and Health:
Scientific Advances, Ongoing Controversies, and Emerging Issues. Annu Rev Clin Psychol. 2015
Lewis TT, Everson-Rose SA, Powell LH, Matthews KA, Brown C, Karavolos K, Sutton-Tyrrell K,
Jacobs E, Wesley D. Chronic exposure to everyday discrimination and coronary artery calcification
in African-American women: the SWAN Heart Study. Psychosom Med. 2006; 68:362-368.
[PubMed: 16738065]

Lewis TT, Everson-Rose SA, Sternfeld B, Karavolos K, Wesley D, Powell LH. Race, education,
and weight change in a biracial sample of women at midlife. Arch Intern Med. 2005; 165:545—
551. [PubMed: 15767531]

Lewis TT, Kravitz HM, Janssen I, Powell LH. Self-reported experiences of discrimination and
visceral fat in middle-aged African-American and Caucasian women. Am J Epidemiol. 2011;
173:1223-1231. [PubMed: 21354991]

McDaniel A, DiPrete TA, Buchmann C, Shwed U. The black gender gap in educational attainment:
historical trends and racial comparisons. Demography. 2011; 48:889-914. [PubMed: 21638226]

Miller GE, Rohleder N, Cole SW. Chronic interpersonal stress predicts activation of pro- and anti-
inflammatory signaling pathways 6 months later. Psychosom Med. 2009; 71:57-62. [PubMed:
19073750]

Morris AA, Zhao L, Ahmed Y, Stoyanova N, De Staercke C, Hooper WC, Gibbons G, Din-
Dzietham R, Quyyumi A, Vaccarino V. Association between depression and inflammation--
differences by race and sex: the META-Health study. Psychosom Med. 2011; 73:462-468.
[PubMed: 21715300]

O'Connor MF, Bower JE, Cho HJ, Creswell JD, Dimitrov S, Hamby ME, Hoyt MA, Martin JL,
Robles TF, Sloan EK, Thomas KS, Irwin MR. To assess, to control, to exclude: effects of
biobehavioral factors on circulating inflammatory markers. Brain Behav Immun. 2009; 23:887-
897. [PubMed: 19389469]

Paradies Y, Ben J, Denson N, Elias A, Priest N, Pieterse A, Gupta A, Kelaher M, Gee G. Racism as
a Determinant of Health: A Systematic Review and Meta Analysis. PLoS One. 2015;
10:20138511. [PubMed: 26398658]

Penner AM, Saperstein A. Engendered Racial Perceptions: An Intersectional Analysis of How
Social Status Shapes Race. Gender & Society. 2013; 27:319-344.

Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein and other markers of
inflammation in the prediction of cardiovascular disease in women. N Engl J Med. 2000; 342:836—
843. [PubMed: 10733371]

Rutter MK, Meigs JB, Sullivan LM, D'Agostino RB, Wilson PW. C-reactive protein, the metabolic
syndrome, and prediction of cardiovascular events in the Framingham Offspring Study.
Circulation. 2004; 110:380-385. [PubMed: 15262834]

Scheepers D, Ellemers N, Sintemaartensdijk N. Suffering from the possibility of status loss:
Physiological to social identity threat in high status groups. European Journal of Social
Psychology. 2009; 39:1075-1092.

Schulz AJ, Gravlee CC, Williams DR, Israel BA, Mentz G, Rowe Z. Discrimination, symptoms of
depression, and self-rated health among african american women in detroit: results from a
longitudinal analysis. Am J Public Health. 2006; 96:1265-1270. [PubMed: 16735638]

Psychoneuroendocrinology. Author manuscript; available in PMC 2018 August 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Van Dyke et al.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Page 15

Slopen N, Lewis TT, Williams DR. Discrimination and sleep: a systematic review. Sleep Med.
2015

Stepanikova I, Bateman LB, Oates GR. Systemic Inflammation in Midlife: Race, Socioeconomic
Status, and Perceived Discrimination. Am J Prev Med. 2017; 52:S63-S76. [PubMed: 27989295]
Sutin AR, Stephan Y, Luchetti M, Terracciano A. Perceived weight discrimination and C-reactive
protein. Obesity (Silver Spring). 2014; 22:1959-1961. [PubMed: 24828961]

Sweet E. “If your shoes are raggedy you get talked about”: symbolic and material dimensions of
adolescent social status and health. Soc Sci Med. 2010; 70:2029-2035. [PubMed: 20363543]

Taylor SE, Lehman BJ, Kiefe Cl, Seeman TE. Relationship of early life stress and psychological
functioning to adult C-reactive protein in the coronary artery risk development in young adults
study. Biol Psychiatry. 2006; 60:819-824. [PubMed: 16712805]

Taylor TR, Williams CD, Makambi KH, Mouton C, Harrell JP, Cozier Y, Palmer JR, Rosenberg L,
Adams-Campbell LL. Racial discrimination and breast cancer incidence in US Black women: the
Black Women's Health Study. Am J Epidemiol. 2007; 166:46-54. [PubMed: 17400570]

Van Dyke ME, Vaccarino V, Quyyumi AA, Lewis TT. Socioeconomic status discrimination is
associated with poor sleep in African-Americans, but not Whites. Soc Sci Med. 2016; 153:141-
147. [PubMed: 26896878]

Williams DR, Mohammed SA. Discrimination and racial disparities in health: evidence and needed
research. J Behav Med. 2009; 32:20-47. [PubMed: 19030981]

Williams DR, Mohammed SA. Racism and Health 1I: A Needed Research Agenda for Effective
Interventions. Am Behav Sci. 2013:57.

Zeiders KH, Hoyt LT, Adam EK. Associations between self-reported discrimination and diurnal
cortisol rhythms among young adults: The moderating role of racial-ethnic minority status.
Psychoneuroendocrinology. 2014; 50:280-288. [PubMed: 25262035]

Psychoneuroendocrinology. Author manuscript; available in PMC 2018 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Van Dyke et al.

Page 16

Highlights
. Psychosocial stress in the form of discrimination has been linked to important
health outcomes.
. Most studies have focused on racial discrimination or overall mistreatment.
. We examined the associations between socioeconomic status (SES)

discrimination and C-reactive protein (CRP) by race and education.

. SES discrimination was associated with elevated CRP independent of racial
and gender discrimination among higher educated African-Americans only.

. Associations were not observed among lower educated African-Americans
and higher or lower educated Whites.
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Figure 1.
Association between Socioeconomic Status Discrimination and C-reactive Protein by

Education and Race in the META-HEALTH Study (N=360)

Note. META-HEALTH=Morehouse & Emory Team up to Eliminate Cardiovascular Health
Disparities. SES=Socioeconomic Status. Values are estimated marginal means from linear
regression models adjusted for age, gender, racial and gender discrimination, body mass
index, smoking, financial and perceived stress, sleep quality, and depressive symptoms.
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Selected Demographic and Psychosocial Characteristics of African-American and White Adults (A=401) by
Education and Race in the META-HEALTH Study

African-Americans Whites p?

Higher Educated (n=79) (n=138)
Age 47.8(9.1) 51.3(9.3) | 0.009
Female, % 74.7 68.1 0.32
Experiences of discrimination, %

Socioeconomic 50.6 319 0.006

Racial 76.9 39.9 <0.001

Gender 64.1 57.3 0.32
C-reactive protein (geometric mean) (mg/L) 1.60 (0.77) 1.28 (0.57) | 0.001
Depressive symptoms 6.8 (6.6) 7.4(7.9) 0.57
Body Mass Index (kg/m~2)? 3L4(6.7) 21.8(59) | <0.001
Smoking Status, % 0.18

Current 115 8.7

Former 16.7 275
Perceived stress 19.1 (6.5) 20.2 (7.9) 0.31
Financial stress 1.0 (1.0) 0.8(1.1) 0.30
Subjective sleep quality 6.2 (3.6) 51(3.1) 0.021
Lower Educated (n=128) (n=56)
Age 50.2 (9.6) 52.7(9.5) | 0.099
Female, % 66.4 66.1 0.96
Experiences of discrimination, %

Socioeconomic 51.6 35.7 0.047

Racial 68.8 46.4 0.004

Gender 51.6 55.4 0.64
C-reactive protein (geometric mean) (mg/L) 1.74 (1.01) 1.50 (0.72) 0.10
Depressive symptoms 9.1(8.4) 8.5(7.7) 0.63
Body Mass Index (kg/m~2)? 31.3(8.1) 30.3(76) | 0.0
Smoking Status, % 0.11

Current 25.8 21.4

Former 24.2 39.3
Perceived stress 22.0 (8.4) 21.8(7.6) 0.88
Financial stress 1.8(1.2) 1.0(1.2) <0.001
Subjective sleep quality 6.7 (4.0) 5.7(3.1) 0.11

Abbreviations: META-HEALTH=Morehouse & Emory Team up to Eliminate Cardiovascular Health Disparities; SD=Standard deviation.

Values are presented as Mean (SD) or percent.

a . . o ’
p values refer to T-Tests and Chi-square tests for differences by race within education group.
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bBMI: weight (in kg)/height (in m2).
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