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Abstract

Although race/ethnicity is associated with substantial differences in risk for depression and other
diseases of aging in the United States, the processes underlying these health disparities remain
poorly understood. We addressed this issue by examining how levels of a robust marker of
inflammatory activity, C-reactive protein (CRP), and depression symptoms varied across
racial/ethnic groups. Additionally, we tested whether the inflammation-depression association
differed across groups. Data were drawn from the Chicago Community Adult Health Survey, an
epidemiological survey examining biopsychosocial factors affecting health and well-being.
Participants were 3,105 Chicago community adults, of which 610 provided blood samples and
were included in analyses. C-reactive protein was assayed from blood samples, and depression
symptoms were assessed using the 11-item Center for Epidemiologic Studies-Depression scale.
Race/ethnicity was self-reported and consisted of Black, Hispanic, White, and other racial/ethnic
groups. Results revealed that these racial/ethnic groups differed in terms of both their CRP and
depression levels. Specifically, Black Americans exhibited higher levels of CRP as compared to
White and other race/ethnicity Americans. Moreover, Black Americans exhibited more
depression symptoms than Hispanic Americans. Finally, we found that inflammatory levels were
strongly related to depression symptoms but only for Black Americans, with CRP alone
accounting for 8% of the variance in depression symptoms in this subgroup. These data thus
point to a biological process that may help to explain disparities in mental health outcomes
across race/ethnicity in the United States. At the same time, additional research is needed to
understand the social and structural factors driving these effects.

Keywords: Race; Ethnicity; Inflammation; Major depressive disorder; C-reactive protein;
Mental health
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1.0 Introduction

Racial/ethnic disparities in health are one of the most costly and burdensome social and
medical problems in the United States today (Williams, 2012). In particular, as compared to
White Americans, Black Americans experience more major life events, financial, neighborhood,
and workplace stressors, and multiple types of discrimination and adversity, which portends the
emergence of several diseases of aging and, frequently, a shorter lifespan (Sternthal et al., 2011;
Williams & Mohammed, 2009). Some research has also suggested that Black Americans are more
likely than White Americans to have elevated levels of the key inflammatory marker C-reactive
protein (CRP) (Farmer et al., 2020; Nazmi & Victora, 2007), which may increase their chronic
disease and overall mortality risk (Bonaccio et al., 2016). Furthermore, these differences in
inflammatory biology, which are thought to be partly driven by socially patterned stressors such
as racism, discrimination, and inherited inequities (Furman et al., 2019; Slavich, 2022), might also
lead to disparities in mental health outcomes including depression (e.g., depression; Dowlati et
al., 2010; Moriarity et al., 2019; Zalli et al., 2016).

In addition to affecting risk for elevated inflammation, race/ethnicity may moderate the
association between CRP and depression. Supporting this possibility, Case and Stewart (2014) found
that the relation between CRP and somatic (but not non-somatic) depression symptoms was stronger
for non-Hispanic White Americans than for Black, Mexican, or Other Hispanic participants. Morris
and colleagues (2011) found that CRP and depression were most strongly related for White women,
as compared to White men and Black men and women. Beydoun and colleagues (2020) found that
CRP was only associated with changes in total depression symptoms and “depressed affect” for
White participants. Finally, Bey and colleagues (2018) found that CRP was associated with
depression symptoms for White, but not Black, men and women. Conversely, Patel’s (2021)
unpublished dissertation found that the relation between CRP and changes in cognitive/affective
symptoms over 12 months was slightly stronger for Black as compared to White Americans.
However, the main effect between CRP and change in cognitive/affective symptoms was not
significant for either group, and because of the large number of coefficients tested in this study, type
I error was likely to be high.

Given these racial/ethnic differences and the critical importance of better understanding
biological processes affecting disparities in depression risk, we examined how race/ethnicity,
inflammation, and depression symptoms were related in a diverse, community-based sample of
adults. First, we investigated differences in levels of inflammation and depression symptoms across
race/ethnicity. Second, we examined whether the strength of the association between inflammation
and depression differed across race/ethnicity.

2.0 Method

2.1 Participants

Data were drawn from the Chicago Community Adult Health Study (2001-2003), archived
at the Inter-University Consortium for Political and Social Research. This was an epidemiological
survey investigating how psychosocial, neighborhood, and socio-economic factors affected health
and well-being in 3,105 Chicago community adults (>18 years old). A random subsample of 610
individuals provided blood samples. Participants provided informed consent for all study
procedures, and the protocol was pre-approved by the Institutional Review Board.

These 610 participants were 59% female (n = 359) and 41% male (n = 251), with an
average age of 43 years old (Mdn = 41) and average of 13 years of education (Mdn = 13); 33%
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were married (n = 203) and the median annual income was $30,000. This sample was 40% Black
(n =243), 13% Hispanic (n = 79), 43% White (n = 262), and 4.3% other (n = 26; Asian = 10,
Native American = 13, Pacific Islander = 3).

2.2 Measures

2.2.1 Race/ethnicity
Race/ethnicity was self-reported and coded as Black, Hispanic, White, or other
race/ethnicity.

2.2.2 C-Reactive Protein

CRP was assayed (mg/L) from blood samples taken by a certified phlebotomist. Following
the blood draw, samples were frozen at -20°C and delivered the same day to Quest Laboratories in
Chicago. The samples were then stored at -70°C until processing. Quest Laboratories conducts
high sensitivity CRP tests using a nephelometric method utilizing latex particles coated with CRP
monoclonal antibodies. CRP tests are standardized against the International Federation of Clinical
Chemistry and Laboratory Medicine/Bureau Communautaire de Référence/College of American
Pathologists CRP reference preparation. This provides for an analytical sensitivity of 0.2 mg/L.

2.2.3 Depression Symptoms

Depression symptoms over the past week were assessed using the well-validated, 11-item
version of the Center for Epidemiologic Studies-Depression scale (CESD) (Kohout et al., 1993).
Although originally designed to contain four subscales including depressed affect, lack of
positive affect, somatic symptoms, and interpersonal challenges, the existence of a stable four-
factor structure is questionable. In fact, 20 different factor structures have been identified for the
CESD (Carleton et al., 2013). We examined the CESD total score to avoid unfounded
dimensional specificity, over-interpretation, and to focus on the core broad construct of
depression symptoms. An example item is “I felt depressed.” Responses are obtained on a 1
(never) to 4 (most of the time) scale. Internal consistency was a = .84.

2.3 Analyses

Data were examined using descriptive statistics (i.e., means, proportions, standard
deviations), univariate analyses of variance, chi-square, and bivariate correlations. Ordinary least
squares regression was used to examine Race/ethnicity x CRP interactions. Interaction plots
display simple slopes for the association of CRP and depression symptoms by race/ethnicity. Our
primary models used dummy-coded variables to compare White Americans (chosen as the
reference group because it is the majority group) to Black, Hispanic, and other race/ethnicity
Americans. Additional analyses compared Black Americans to Hispanic and other race/ethnicity
Americans and Hispanic to other race/ethnicity Americans to investigate all possible differences
between racial/ethnic groups.

Study staff cleaned, checked, and imputed data for the 610 participants with both survey
and biological data. There were no missing data across any variables except income. Income data
was 17.2% missing and was imputed using IVEware, which uses the sequential regression
imputation method (Raghunathan et al., 2001). As compared to respondents with complete data,
those with initial missing data were older (F = 6.77, p <.001, n? = .03) and a greater proportion
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were female (x? = 9.14, p = .002, Cramer’s V = .12) and married (% = 5.93, p = .015, Cramer’s V
=.10). There were no differences on any other demographic variable.

Data were assessed for assumptions of parametric statistical testing and no notable
violations were identified. Model residuals more closely approximated a normal distribution
when CRP was log-transformed; therefore, log(CRP) was used in analyses. Descriptive statistics,
univariate analyses of variance, and bivariate analyses were unweighted, and regression models
were weighted so that the weighted sample matched the 2000 census population estimates for
sex, age, and race/ethnicity for the city of Chicago. Statistical tests were conducted using SPSS
28. Graphics were produced with ggplot2. Statistical significance was determined at p <.05.

3.0 Results

3.1 Preliminary Analyses

Descriptive statistics (means, proportions, and standard deviations) for all study variables
by race/ethnicity are provided in Table 1. Levels of both CRP (F = 11.01, p <.001, n? = .05) and
depression symptoms (F = 4.21, p = .006, n? = .02) differed across race/ethnicity. Pairwise
comparisons revealed that Black Americans (M = .48, SD = .56) had higher CRP levels than
White (M = .22, SD = .54, p <.001) and other race/ethnicity Americans (M = .12, SD = .47,p =
.008), with no other groups differing from one another. Additionally, pairwise comparisons
revealed that Black Americans (M = 2.00, SD = .54) had more depression symptoms than White
Americans (M = 1.83, SD = .56, p =.004), with no other groups differing from one another.

Differences across race/ethnicity were also observed on age (F = 7.33, p <.001, n? = .04),
years of education (F = 18.35, p <.001, n? = .08), annual income (F = 16.21, p <.001, n? = .07),
proportion of females (y? = 13.02, p = .005, Cramer’s V = .15), and proportion of married
individuals (y° = 14.06, p = .003, Cramer’s V = .15). White Americans were older than Hispanic
(p <.001) and other race/ethnicity (p = .02) Americans, and Black Americans were older than
Hispanic (p < .001) and other race/ethnicity Americans (p = .01) Americans. White Americans
had more education that Black (p < .001), Hispanic (p <.001), and other race/ethnicity (p = .03)
Americans. Black Americans had more education than Hispanic Americans (p < .001). Other
race/ethnicity Americans were more well-educated than Hispanic Americans (p < .05). White
Americans had more annual income that Black (p < .001), Hispanic (p < .001), and other
race/ethnicity (p = .01) Americans. Black Americans had a greater proportion of females as
compared to White (p =.004), Hispanic (p = .02), or other race/ethnicity (p = .04) Americans.
Finally, Black Americans had a greater proportion of married individuals as compared to White
(p = .01), Hispanic (p = .004), or other race/ethnicity (p = .01) Americans.

Descriptive statistics and bivariate correlations for the study variables are presented in
Table 2. CRP was positively associated with depression symptoms (r = .12, p = .004). Being
female, as compared to male (r = .19, p <.001), and being older (r = .19, p <.001) were also
positively associated with CRP levels. In contrast, being more well-educated (r = -.18, p <.001)
and having a higher annual income (r = -.15, p < .001) were associated with lower CRP. Finally,
being married, as compared to unmarried (r = -.16, p < .001), and being more well-educated (r =
-.12, p =.004) and having a higher income (r = -.22, p <.001) were related to reporting fewer
depression symptoms.

3.2 Primary Analyses
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Regression models were structured so that depression symptoms were predicted by sex,
age, marital status, and race/ethnicity in Step 1; education and income in Step 2; CRP levels in
Step 3; and the Race/ethnicity x CRP interaction in Step 4. Altogether, sex (B=.02, =.02,p =
.620), age (B = .00, p=.02, p =.708), marital status (B =-.18, p =-.15, p <.001), and Black (B =
15, B =.12, p=.004), Hispanic (B = .04, p = .02, p = .608), and other race/ethnicity (B =.01,
=.00, p =.946) Americans, as compared to White Americans, accounted for 4% of the variance
in depression symptoms in Step 1 (R? = .04, p < .001). Black Americans did not differ from
Hispanic (B=.11, B =.06, p =.160) or other race/ethnicity Americans (B =.14, 3 =.06, p <
.173) on depression symptoms. Hispanic as compared to other race/ethnicity Americans
exhibited no differences in depression symptoms (B = .03, p = .01, p =.785). In terms of
inflammation, Black (B =.21, B =.18, p <.001) and Hispanic (B = .21,  =.13, p <.002)
Americans had higher CRP levels than White Americans. Additionally, Black (B = .34, p = .15,
p <.001) and Hispanic (B =.34, p = .14, p = .001) Americans had higher CRP levels than other
race/ethnicity Americans.

Adding education (B =-.02, p =-.11, p = .014) and income (B = -.00,  =-.11, p < .024)
in Step 2 accounted for an additional 3% of the variance in depression symptoms (R? = .03, p <
.001) and reduced the Black vs. White race/ethnicity effect to nonsignificant (B = .09, = .09, p
=.080). However, several race/ethnicity coefficients for CRP level remained significant after
adding education and income. In particular, Black Americans still exhibited higher CRP levels
than White (B=.16, p =.15, p <.001) and other race/ethnicity Americans (B =.34,=.14,p <
.001). Also, Hispanic Americans still had higher CRP levels than other race/ethnicity (B = .30, B
=.13, p <.005) but not White Americans (B=.12,=.11, p <.085).

CRP was significantly related to depression symptoms in Step 3 (B =.09, =.09, p =
.033; AR? = .01, p = .033). Moreover, after accounting for the main effects of participants’
demographics, race/ethnicity, and CRP levels, a significant Race/ethnicity x CRP interaction was
observed in predicting depression symptoms in Step 4 (R? = .02, p = .007). This association
between CRP and depression symptoms was significantly stronger for Black than White (B = -
.20, B =-.14, p = .028), Hispanic (B = -.41, B =-.15, p = .007), and other race/ethnicity
Americans (B =-.53, p=-.10, p =.021). Additionally, the strength of association between CRP
and depression did not differ for White as compared to Hispanic (B =-.21, B =-.08, p =.153)
and other race/ethnicity Americans (B = -.33, p =-.06, p =.149), or for Hispanic as compared to
other race/ethnicity Americans (B =-.11, B =-.02, p = .656). In the final model that included all
variables, the total variance in depression symptoms accounted for was 10% (R? = .10, p < .001).

Because the association between CRP and depression symptoms was stronger for Black
than White, Hispanic, or other race/ethnicity Americans, and given that the association between
CRP and depression symptoms did not differ for White, Hispanic, or other race/ethnicity
Americans, follow-up analyses focused on racial/ethnic differences between Black vs. all other
race/ethnic groups combined (i.e., Hispanic, White, Other). Decomposing this Race/ethnicity x
CRP interaction revealed that CRP was strongly, positively related to depression symptoms for
Black participants (B = .30, p = .30, p <.001); in contrast, CRP and depression symptoms were
unrelated for non-Black participants (B = -.01, B =-.01, p = .899). Furthermore, sex, age,
education, marital status, and income accounted for 11% of the total variance in depression
symptoms for Black participants, with CRP alone accounting for an additional 8% of the variance
in this subgroup. In contrast, for non-Black participants, sex, age, education, marital status, and
income accounted for only 8% of the variance in depression symptoms, and CRP levels alone
accounted for an additional 0% (see Figure 1).
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4.0 Discussion

The goal of this study was to advance research on the possible biological roots of health
disparities by examining associations between race/ethnicity, CRP, and depression symptoms. In
univariate analyses, Black Americans exhibited higher CRP levels than White or other
race/ethnicity Americans. Multivariate models that controlled for sex, age, and marital status
before investigating the effects of race/ethnicity revealed that Black and Hispanic Americans had
higher CRP levels than White or other race/ethnicity Americans, and that these differences
largely persisted after controlling for education and income. In univariate analyses, Black
Americans exhibited more depression symptoms than White Americans. In multivariate models
that controlled for sex, age, and marital status, Black Americans no longer differed from White
Americans on depression symptoms, and this remained true after controlling for education and
income.

The finding that Black Americans have higher CRP levels as compared to White and
other race/ethnicity groups is consistent with existing national and meta-analytic research
(Farmer et al., 2020; Nazmi & Victora, 2007). Similarly, higher rates of distress for Black as
compared to White Americans that disappear after other socio-demographic variables are
controlled has also been frequently documented in prior research, but the pattern is not uniform
(Menselson et al., 2008; Williams, Costa, et al., 2010). It is unclear if this pattern is due to
differences in the specific symptoms used in measures assessing depression symptoms or
psychological distress. At the same time, studies using a diagnosis of major depression have
reported that Black Americans have lower rates of depression that White Americans. For
example, analyses of national data showed that Black Americans had lower rates of current and
lifetime major depression than White Americans, but that once depressed, Black Americans were
more likely than White Americans to be chronically depressed, have more severe symptoms and
impairment, and to not receive treatment (Williams et al., 2007).

There is much more we need to learn about how adverse living conditions in segregated
neighborhoods combine with psychosocial resources such as religious engagement and social
support, along with potential variations in the presentation of depression across race/ethnicity,
may affect patterns of the distribution of depression symptoms and the diagnosis of major
depression (Bailey et al., 2019; Williams, Costa, et al., 2010). Furthermore, like other studies,
our assessment of depression was symptom-based, whereas many population studies use
screening measures of depression diagnosis. Nevertheless, Black Americans in this study also
exhibited higher depression symptom levels than Hispanic Americans after controlling for socio-
demographic factors. Although it is common to compare White Americans to Black, Hispanic,
and a variety of other minority Americans (Menselson et al., 2008), it is less common to make
comparisons across the minority groups themselves (i.e., Black vs. Hispanic; Black vs. other
race/ethnicity; Hispanic vs. other race/ethnicity) as we have done here. Nevertheless, one prior
study reported that Hispanics (10.8%) have a slightly higher prevalence of depression than
Blacks (8.9%), but this difference was not tested with inferential statistics (Dunlop et al., 2003).

Race/ethnicity moderated the association between CRP and depression symptoms in this
sample, and this finding is consistent with prior research (Beydoun et al., 2020; Case & Stewart,
2014; Morris et al., 2011; Patel, 2021). However, most prior research suggests that the CRP-
depression link is stronger for White Americans than for other race/ethnicities. To the contrary,
we found clear evidence that CRP and depression were strongly related for Black Americans,
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with no effect evident for other racial/ethnic groups. Prior studies have examined population-
based samples from Atlanta (Morris et al., 2011), Baltimore (Beydoun et al., 2020), Indiana
(Patel, 2021), and the entire United States (Morris et al., 2011) using the longer version of the
depression measure used here (Beydoun et al., 2020) as well as the Beck Depression Inventory-II
(Morris et al., 2011) and Patient Health Questionnaire-9 (Case & Stewart, 2014; Patel, 2021).
These differences in the assessment of depression may partly explain these mixed results.
Moreover, it is possible that these differences in how race/ethnicity is associated with the CRP-
depression link are affected by factors such as discrimination; interpersonal racism; cultural,
institutional, or structural racism; exposure to stressful life events; blocked opportunities;
heightened vigilance; and racialized incarceration, all of which can differ across samples and
communities (Williams & Etkins, 2021). Additional research is thus necessary to determine to
what extent race/ethnicity is a proxy variable for these, or other, explanatory variables.

One possible explanation for the observed association between CRP and depression in
Black Americans, but not Hispanics could involve the distinctiveness of the history of Black
Americans in the U.S., who have experienced severe economic and social adversity, including
long-standing racism and discrimination (Williams, 2018). For example, although Hispanic
Americans have less income and wealth and experience more discrimination than White
Americans, they have lower poverty rates, higher median income, and greater wealth than Black
Americans (Williams, Mohammed, et al., 2010). In short, Black Americans experience more
racism, stress, and social and economic disadvantage than Hispanic Americans who experience
more of these adversities than White Americans. Native Americans appear to be the only group
that experiences similar, if not higher, levels of racial discrimination than Black Americans
(American Psychological Association, 2016). If the association between CRP and depression
resembles a threshold effect, then perhaps only at the highest levels of race-related stressor
exposure does the effect become apparent. Alternatively, perhaps the association is curvilinear in
nature and individuals at the lowest and highest ends of the racism spectrum exhibit the CRP-
depression association, whereas those in the middle of the racism continuum do not. Additional
research is needed to model these effects.

An additional point in considering the results of this study involves the intersectionality
of multiple social strata (e.g., race, sex, class). Future research could investigate how different
combinations of race and sex, race and class, and race, sex, and class might assist in better
understanding how CRP and depression are related across groups. At present, the existing
literature examining race differences in associations between CRP and depression has not found
a consistent moderating effect of sex (Bey et al., 2018; Beydoun et al., 2020; Case & Stewart,
2014). That is, in analyses where race and sex have been examined together, race differences
appear to be more prominent, and when sex differences do appear, they have not been robust and
have been explained by other confounding variables (Morris et al., 2011). This is not to say that
issues of intersectionality should not be further considered. The literature on race and its effects
on the CRP-depression association is quite small, and several conceptual and empirical issues
remain unresolved. For instance, research has yet to seriously examine how race and class, and
race and aging, interact in this context (Straka et al., 2021).

4.1 Limitations

Several study limitations should be noted. First, this was a population-based study of
adults in Chicago, a large metropolitan city in the upper Midwest United States, and the
generalizability of these results to other populations requires investigation, particularly because
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geopolitical forces affecting race/ethnicity, racism, and health differ substantially across U.S.
communities. Second, these results are based on one inflammatory protein, and although CRP is a
robust marker of systematic inflammation, other analytes should be investigated. Third, although
these data were drawn from a large population-based study, the subsample with both survey and
biological data available was smaller, leading to a limited sample of Hispanic and other
race/ethnicity Americans. Smaller samples of Hispanic and other race/ethnicity groups limits
power to detect differences in levels and associations of CRP and depression. Fourth, we did not
examine any depression symptom clusters (e.g., negative affect, positive affect, interpersonal, and
somatic) because the CESD dimensional structure is not robust and two-item subscale reliabilities
were unacceptable, ranging from .57-.65. Fifth, these data were collected from 2001-2003. The
psychoneuroimmunological mechanisms linking inflammation and depression are unlikely to
have changed since then, but changes may have occurred in other social factors. For instance,
75% of Black Americans and 60% of Hispanic Americans perceive that racism has gotten worse
since president Trump was elected (Ballard, 2019). Therefore, the present data may not reflect the
current socio-political landscape of America or potential subcultural differences across the U.S.
Finally, the present data do not speak to the drivers of these race/ethnicity-related effects, which
likely include a confluence of social, environmental, and other factors that require investigation.

4.2 Conclusions

In conclusion, these data support prior research suggesting that Black American adults have
higher CRP levels than adults from other racial/ethnic backgrounds. Moreover, this study focuses
on an important question regarding CRP levels and depression, and the extent to which this
association varies by race/ethnicity. Given the paucity of research on this topic, additional studies
are needed to investigate the robustness and generalizability of these findings to other geographic
regions, racial/ethnic groups, and communities. Research is also needed to understand the social
and structural drivers of these differences in inflammation and depression to help improve mental
health outcomes for those experiencing the greatest disadvantage and burden.
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Table 1

Race/Ethnicity Differences on all Study Variables
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Black Hispanic Other White
M SD M SD M SD M SD Fory’ | norV p

1. Depression 2.00 54 1.85 .62 1.92 71 1.83 .56 4.21 .02 .006
Symptoms

2. C-Reactive 48 .56 37 49 A2 A7 22 .54 11.01 .05 .001
Protein

3. Female .68 .53 46 54 13.02 A5 .005
Proportion

4. Age 44.48 15.58 36.49 13.62 36.5 13.50 44.30 16.57 7.33 .04 .001
5. Years of 12.43 2.73 10.70 4.14 12.23 3.92 13.77 3.66 18.35 .08 .001
Education

6. Married 75 57 .50 .64 14.06 15 .003
Proportion

7. Annual 30798.83 | 27449.66 30974.11 | 22430.43 33904.15 | 30632.83 56317.21 | 60168.07 | 16.21 .07 .001
Income
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Table 2

Descriptive Statistics and Bivariate Correlations

M or % SD 1 2 3 4 5 6
1. Depression Symptoms 191 0.57 --
2. C-Reactive Protein 034 055 0.12** --
3. Female vs. Male (ref) 59% 0.49 0.05 0.19 *** -
4. Age 43.03 15.94 -0.02 0.19 ***  0.05 --
5. Years of Education 12.77 355 -0.12**  -0.18*** -0.02 -0.19 *** --
6. Married vs. Not Married (ref) 33% 0.47 -0.16*** -0.01 -0.04 0.09 * -0.06 -
7. Household Income 41914 45942 -0.22*** -0.15*** -0.12** 0.03 0.39 *** (.29 ***

Note. (ref) indicates the reference/comparison category for dummy variables.
*p <.05, **p <.01, ***p <.001
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Figure 1

The association between C-reactive protein and depression symptoms is moderated by
race/ethnicity. CRP is strongly, positively related to depression symptoms for Black participants
(B =.30, p=.30, p<.001, R?=.08); in contrast, CRP and depression symptoms were unrelated
for non-Black participants (B = -.01, p = -.01, p = .899, R? = .00).
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