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Abstract

Rationale.—Psychological stress-induced cortisol elevations appear to contribute to preterm 

birth. Yet, some studies suggest that the biological ramifications of racial discrimination-

associated stress are unique and may involve development of decreased glucocorticoid sensitivity 

despite normalized cortisol levels.

Objective.—In this study, we examined the effects of racial discrimination on maternal cortisol 

output, leukocyte glucocorticoid sensitivity, and the degree of correspondence between cortisol 

levels and birth timing in an African American cohort.

Method.—A generally healthy prospective cohort was enrolled at 28 to 32 weeks gestation 

(n=91). The Experiences of Discrimination scale was administered, whole blood collected, and 

plasma cortisol levels, cytokine levels, and leukocyte counts quantified for examination of patterns 

of endogenous feedback.

Results.—Racial discrimination in the mid-tertile was associated with greater maternal cortisol 

levels than the bottom tertile among women reporting internalizing responses (b*=0.68, p=0.001). 

Decreased leukocyte glucocorticoid sensitivity was witnessed at greater frequencies of experiences 
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of racial discrimination, as evidenced by decreased correspondence between maternal cortisol 

levels and plasma IL-8 levels, monocyte counts, and lymphocyte counts (ps≤0.043). The 

association between maternal cortisol levels and birth timing differed by discrimination tertile (p 
values≤0.005), with greater cortisol levels predictive of earlier birth among women without (b*=

−0.59, p<0.001) but not with racial discrimination (ps≥0.497).

Conclusion.—We provide novel evidence of decreased glucocorticoid sensitivity at increasing 

frequency of exposure to racial discrimination. Our findings suggest that the biology of preterm 

birth may depend upon racial discriminatory exposures, favoring pathways dependent upon 

glucocorticoid-induced increases in leukocyte tissue surveillance versus glucocorticoid resistance-

associated inflammatory aberrations at increasing levels of exposure. Precision approaches to 

prenatal care are sorely needed to combat preterm birth, particularly among African American 

women, with efforts dependent upon further research examining the pathways contributing to the 

syndrome dependent upon the totality of an individual’s exposures.
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1. Introduction

African American women exhibit the highest U.S. rates of preterm birth, which contributes 

to a two-fold increased risk for mortality among African American versus European 

American infants (Martin, Hamilton, Osterman, Driscoll, & Mathews, 2017; Matthews, 

MacDorman, & Thoma, 2015). There is strong evidence to suggest that a disproportionate 

burden of traditional risk factors (e.g., socioeconomic inequities; Colen, Ramey, Cooksey, & 

Williams, 2018) do not fully account for racial disparities witnessed in health, with 

discriminatory exposures related to racial minority status implicated as an important 

contributing factor. In fact, both perceived and objectively quantified exposure to racial 

discrimination have been linked to increased odds of preterm birth in African American 

samples (Chae et al., 2018; Rankin, David, & Collins, 2011; Ruiz, Shah, Lewis, & Theall, 

2014). Consistent with the conceptualization of racial discrimination as a psychological 

stressor (Berger & Sarnyai, 2015), a large literature also links alternative forms of 

psychological stress to preterm birth (Manuck et al., 2015; Staneva, Bogossian, Pritchard, & 

Wittkowski, 2015).

More recent work has aimed to identify mechanisms by which psychological stress affects 

birth timing, with several studies now showing that greater maternal output of the 

glucocorticoid cortisol mediates associations between several forms of stress and earlier 

birth (Gillespie, Christian, Alston, & Salsberry, 2017; Hoffman, Mazzoni, Wagner, 

Laudenslager, & Ross, 2016; Mancuso, Schetter, Rini, Roesch, & Hobel, 2004). Yet, 

emerging evidence also suggests that the biological ramifications of discrimination are 

unique, with greater perceptions of lifetime racial discrimination associated with 

perturbations in diurnal patterns of cortisol but not with elevations in average output by 

adulthood (Adam et al., 2015). Such findings are consistent with studies assessing cortisol 

levels among pregnant African American versus European American women (Christian, 

Mitchell, Gillespie, & Palettas, 2016; Simon et al., 2016) and may explain why no study has 
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linked racial discrimination to birth timing via elevations in maternal cortisol output. We are 

also unaware of any studies publishing null findings.

Of relevance, some forms of psychological stress, particularly those social in nature, have 

been shown to induce decreased glucocorticoid sensitivity that persists despite normalization 

of total glucocorticoid output (Jarcho, Slavich, Tylova-Stein, Wolkowitz, & Burke, 2013; G. 

E. Miller, Cohen, & Ritchey, 2002; G. E. Miller, Gaudin, Zysk, & Chen, 2009; Powell et al., 

2009; Walsh et al., 2017). Glucocorticoid sensitivity among stressed groups has been 

evaluated using several well-developed methods, including by identifying deviations from 

expected associations among in vivo glucocorticoid levels, cytokine levels, and patterns of 

leukocyte trafficking (e.g., Cohen et al., 2012; Cole, 2008; Cole, Mendoza, & Capitanio, 

2009).

To our knowledge, leukocyte glucocorticoid sensitivity has been the topic of only one study 

of pregnant women, with results providing support for an association between minority 

status and decreased sensitivity to cortisol’s anti-inflammatory effects (Corwin et al., 2013). 

Whether racial discrimination is associated with decreased leukocyte glucocorticoid 

sensitivity remains to be determined, though the progressive development of this aberration 

may help to explain the exaggerated, prolonged inflammatory response to social threat 

witnessed among African Americans reporting more discriminatory exposures (Lucas et al., 

2017). This holds important implications for the study of racial disparities in disease 

processes with inflammatory underpinnings, such as preterm birth (reviewed by Romero, 

Dey, & Fisher, 2014).

In this study, we examined the effects of racial discrimination on maternal cortisol output 

and leukocyte glucocorticoid sensitivity among pregnant African American women. We 

hypothesized that while discrimination would not be associated with cortisol output, women 

with racial discriminatory exposures would show evidence of decreased leukocyte 

glucocorticoid sensitivity. We also tested the hypothesis that maternal cortisol levels would 

show diminished correspondence with birth timing among women with increasing 

frequencies of experiences of racial discrimination, which may be attributable to the 

presence of decreased glucocorticoid sensitivity

2. Method

2.1. Study Design and Participants

This prospective cohort study recruited a convenience sample of pregnant women attending 

two large Midwestern prenatal clinics. Pregnant community members were also recruited by 

advertisement. Enrollment occurred from September 2013 to June 2015, with participants 

attending a single study visit at 28 weeks 0 days’ to 32 weeks 6 days’ gestation and followed 

prospectively to birth to allow for medical record review and clinical data abstraction.

Eligible women were aged 18 to 34 and self-reported African American race, non-Hispanic 

ethnicity, and birth in the United States. Women reporting tobacco or marijuana use beyond 

the first trimester or other illicit drug use at any point in pregnancy were not eligible. 

Women reporting height and pre-pregnancy weight consistent with underweight (body mass 
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index < 18.5) or obese class III (body mass index ≥ 40) classifications were not eligible 

(World Health Organization, 2000). To enhance accuracy of gestational age estimates, 

ultrasound dating at < 15 weeks of pregnancy was required for participation (American 

College of Obstetricians and Gynecologists, 2014). To reduce the potential influence of 

confounding factors and promote the opportunity to observe women undergoing 

spontaneously-initiated birth, those with chronic endocrine- or immune-impacting 

conditions (e.g., sickle cell disease, inflammatory bowel disease), regularly taking 

endocrine- or immune-impacting medications (e.g., corticosteroids), diagnosed with a major 

complication of pregnancy (e.g., fetal anomaly, gestational diabetes, gestational hypertensive 

disorders), or receiving interventions to prolong pregnancy (e.g., cervical cerclage, 

progesterone) were ineligible. Yet, several women were diagnosed with complications of 

pregnancy following enrollment.

All participants completed informed consent and received modest payment in the form of a 

gift card at the time of enrollment. The study was approved following review by The Ohio 

State University Biomedical Institutional Review Board and the OhioHealth Institutional 

Review Board.

2.2. Sample Demographic, Health, and Psychosocial Characteristics

The demographics and health behaviors of participants were assessed by self-report. Height 

measured at the study visit and self-reported pre-pregnancy weight were used to calculate 

pre-pregnancy body mass index (BMI; kg/m2) according to the definition set forth by the 

World Health Organization (2000). Non-smoking was defined as no smoking during 

pregnancy, including during early pregnancy, as all participants were required to report 

quitting by the second trimester to be eligible for participation. Sleep quality was also 

assessed using the Pittsburgh Sleep Quality Index (PSQI), which produces a global sleep 

quality score ranging from 0-21 with higher scores indicative of worse sleep quality. The 

PSQI has a Cronbach’s α of 0.83 at the individual item level and test-retest reliability of 

0.85 for global scores (Buysse, Reynolds, Monk, Berman, & Kupfer, 1989). During 

pregnancy, sleep quality assessed by the PSQI appears to be susceptible to both the 

physiologic changes associated with the growing fetus (Sedov, Cameron, Madigan, & 

Tomfohr-Madsen, 2017) and psychological factors (Francis, Klebanoff, & Oza-Frank, 2017). 

The 14-item Perceived Stress Scale (PSS) was administered to quantify perceptions of stress 

within the month prior to the study visit (Cohen, Kessler, & Underwood Gordon, 1995). 

With a range of 0-56, higher scores on the PSS are indicative of greater perceived stress. The 

psychometrics of the scale have been extensively tested across various populations, 

including during pregnancy (Bann et al., 2017).

2.3. Racial Discrimination

The Experiences of Discrimination Scale (EOD) was administered to assess lifetime 

exposure to discrimination on the basis of race, ethnicity, or color. Participants are asked 

how many times (0, 1, 2, or 3+) they have experienced discrimination in each of nine life 

situations (e.g., at school, at work, getting medical care), producing a score with a range of 

zero to 27. Among African American samples, Cronbach’s α reaches 0.86 and test-retest 

reliability 0.70 (Krieger, Smith, Naishadham, Hartman, & Barbeau, 2005), which is 
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consistent with a Cronbach’s α of 0.82 witnessed for the current study. Due to the extreme 

positive distribution of EOD frequency scores, a fertile split was applied to produce groups 

reflective of EOD frequency = 0 (Tertile 1), EOD frequency =1 – 2 (Tertile 2), or EOD 

frequency ≥ 3 (Tertile 3).

2.4. Biological Parameters

Antecubital or distal venipuncture was performed between 1100 and 1600 hours at a single 

time point to obtain heparinized and EDTA-preserved whole blood. For participants 

reporting recent cold- or flu-like illness during visit confirmations, study visits were 

rescheduled at least one week removed from resolution of symptoms. Participants were 

asked to refrain from exercise or caffeine use on the day of the visit and to wake at least 2.5 

hours prior to the study visit (Bessinger, McMurray, & Hackney, 2002; R. Miller et al., 

2016; Tsubouchi et al., 2006).

As reported previously in detail (Gillespie et al., 2017), in batches, total plasma cortisol 

levels (ng/ml) were assayed in duplicate by solid phase competitive enzyme-linked 

immunosorbent assay (Calbiotech, Spring Valley, CA) and spectrophotometry (BioTek 

PowerWave Microplate Spectrophotometer, Winooski, VT), producing intra- and inter-assay 

coefficients of variation of 3.7% and 9.7%, respectively.

Plasma cytokine levels (pg/ml) were quantified in duplicate using the MULTI-SPOT Pro-

Inflammatory II 4-plex Immunoassay and Sector Imager 2400 per manufacturer instructions 

(Meso Scale Discovery, Gaithersburg, MD). Briefly, plasma of unknown cytokine 

concentrations was added to capture antibody-coated wells, with spots defined within each 

well according to the cytokines of interest. Following a two-hour incubation with shaking, 

the plate was washed and a solution of detection antibodies conjugated with 

electrochemiluminescent labels was added. Following an additional two-hour incubation 

with shaking, the plate was washed and read buffer added to support the 

electrochemiluminescent detection of bound analytes through a sandwich immunoassay 

format. Intra-assay coefficients of variation were 7.1%, 3.9%, 15.5%, and 4.0% for 

interleukin (IL)-6, tumor necrosis factor (TNF)-α, IL-1 β, and IL-8, respectively. Inter-assay 

coefficients of variation were 4.0%, 7.2%, 2.3%, and 3.6% for IL-6, TNF-α, IL-1 β, and 

IL-8, respectively.

Leukocyte counts (k/μl) were also determined in K2EDTA-preserved whole blood. Samples 

were transported to the core medical center laboratory immediately after completion of the 

study visit, with complete blood counts with differential determined using volume, 

conductivity, and scatter technology within 48 hours of receipt (Beckman Coulter, Fullerton, 

CA).

The sensitivity of leukocytes to the endogenous effects of cortisol were determined by 

examining concurrent relationships among total plasma cortisol levels, plasma cytokine 

levels, and leukocyte counts. Deviations from expected positive (i.e., IL-8, neutrophil) and 

negative (i.e., IL-6, TNF-α, IL-1β, monocyte, lymphocyte) associations among cortisol and 

the assessed biological correlates were operationalized as indicative of decreased leukocyte 

glucocorticoid sensitivity.
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2.5. Birth Timing

Post-birth, a comprehensive prenatal, labor and delivery, and newborn medical record review 

was completed to extract data surrounding the health of the pregnancy and circumstances 

and timing of birth. Specifically, births were categorized as initiated through spontaneous 

mechanisms (i.e., spontaneous rupture of membranes, spontaneous labor) or by medical 

intervention (i.e., induction of labor, Caesarean section) and days gestation at birth was 

calculated according to the best obstetric estimate of due date and actual date of birth.

2.6. Statistical Analyses

All analyses were performed using STATA 12.0 (College Station, TX). Data distributions 

and data missingness were examined and Little’s (1988) χ2 tests for missing completely at 

random (MCAR) and covariate-dependent missingness (CDM) examined. To identify 

variables with potential for confounding, which were addressed through sensitivity analyses, 

participant demographic, health, psychosocial, and obstetric characteristics were examined 

and compared among the racial discrimination tertiles using analysis-of-variance (ANOVA), 

χ2, or Fisher’s exact tests, as appropriate.

To address the primary objectives of the study, we first built a linear regression model to 

examine the association between racial discrimination and maternal cortisol output, also 

considering the potential for interaction by internalizing responses. We then examined the 

association between racial discrimination and leukocyte glucocorticoid sensitivity, with 

decreased sensitivity operationalized as deviations from expected associations among 

circulating maternal cortisol levels, plasma cytokine levels, and leukocyte counts. 

Specifically, we regressed, in separate models, IL-6, TNF-α, IL-1 β, and IL-8 level, 

neutrophil, monocyte, and lymphocyte count (Y) onto plasma maternal cortisol levels (X1), 

racial discrimination tertile (X2), and a plasma cortisol level × racial discrimination tertile 

interaction term (X1×X2). Finally, to determine whether the association between maternal 

cortisol level and birth timing differed according to past discriminatory experiences, we 

regressed days gestation at birth (Y) onto plasma cortisol levels (X1), racial discrimination 

tertile (X2), and a plasma cortisol level × racial discrimination status interaction term 

(X1×X2).

Each multiple linear regression model was examined for satisfaction of assumptions. The 

positively skewed criterion variables of plasma cortisol, IL-6, TNF-α, IL-1 β, IL-8, and 

neutrophil count and negatively skewed criterion variable of birth timing were noted to result 

in non-normality of error terms and multiple instances of heteroskedasticity. As such, results 

produced for each model were confirmed with transformed variables (following reflection in 

the case of birth timing) serving as criteria, which corrected skewness and heteroskedasticity 

of error terms for all models. Given the consistency in findings, results are reported for non-

transformed variables for ease of interpretation. Residual, leverage, and influence 

diagnostics for each multiple linear regression model were also carefully examined. Two 

participants showed outlying plasma cortisol levels (i.e., > M + 3SD), with one data point 

exerting high leverage across all models (hat value = 0.76) and significant influence over 

estimated regression coefficients in multiple models according to an a prior definition of 

Cook’s distance ≥ 1 (Cook & Weisberg, 1982); this participant was excluded from all 
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analyses. Among the five outliers noted across plasma cytokine distributions, only one data 

point reflective of plasma IL-6 exerted significant influence on regression estimates (Cook’s 

d = 1.89). Therefore, this data point was excluded from the model examining associations 

between plasma cortisol and IL-6 levels only. No outlying values were noted for the 

measures of leukocyte count.

3. Results

3.1. Sample Characteristics

Of 363 potentially eligible women, 222 were screened for eligibility. One-hundred forty-two 

were confirmed eligible, with 96 enrolling at 28 weeks 0 days’ to 32 weeks 6 days’ gestation 

(median 30.3 weeks [IQ range 29.3 – 31.9]) and followed prospectively to birth. All data 

were available for participant demographic, health, and psychosocial characteristics. Of the 

96 enrolled participants, there were two instances of data missingness for biological 

parameters (unsuccessful venipuncture) and one instance of data missingness for birth 

outcome data (loss to follow-up). We failed to reject the null hypothesis of MCAR (χ2 = 

6.15, p = 0.725) and CDM (χ2 = 4.11, p = 0.942), suggesting that no patterns existed in the 

missing data and variables with missing values were not dependent upon sample 

demographic, health, or psychosocial characteristics, respectively. Thus, missing data were 

addressed through list-wise deletion. In addition, one woman was excluded from analyses 

due to venipuncture occurring outside of the designated study window and one woman was 

excluded from analyses due to an outlying plasma cortisol level exerting significant 

influence on regression estimates (as described above). In the end, there was an analytical 

sample of 91.

Demographic, health, and psychosocial characteristics for the analytic sample are presented 

in Table 1. Per the study’s inclusion criteria, all women reported African American race and 

non-Hispanic ethnicity. No participant reported tobacco use beyond the first trimester of 

pregnancy, though nearly one in four participants reported tobacco use in early pregnancy. 

Participant obstetric course is summarized in Table 2. The enrollment criteria were largely 

successful in producing a relatively low-risk sample amenable to the observation of the 

natural progression of pregnancy, as few women (n = 8; 8.8%) required induction of labor or 

Caesarean section prior to reaching full term (i.e., 39 weeks gestation). Among these 

women, indications for induction of labor or Caesarean section included newly diagnosed, 

uncontrolled chronic hypertension (n = 1), gestational hypertension (n = 3), preeclampsia (n 
= 1), oligohydramnios (n = 1), and non-reassuring fetal wellbeing (n = 2).

3.2. Racial discrimination

Forty-six (50.6%), 19 (20.1%), and 26 (28.6%) of participants reported experience of racial 

discrimination frequencies of 0 (Tertile 1), 1 – 2 (Tertile 2), and ≥ 3 (Tertile 3), respectively. 

Overall, the median frequency of experiences with racial discrimination was 0 (IQ range 0 – 

3.5; range 0 – 18). Among those who did report discrimination, the median frequency was 

3.5 (IQ range 2.5 – 7.5). Experiences of racial discrimination were reported most frequently 

in association with getting service in a store or restaurant (28.6%), followed by from police 

or in the courts (19.8%), at school (14.3%), at work (13.2%), on the street or in a public 
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setting (12.1%), getting hired or getting a job (11.0%), getting credit, bank loans, or a 

mortgage (4.4%), getting housing (2.2%), and getting medical care (2.2%). The majority of 

women stated that, if they felt they had been treated unfairly, they would try to do something 

about it instead of accepting it (69.2%) and talk to other people about it instead of keeping it 

to themselves (83.5%). Spearman rank-order associations for the primary variables of 

interest, stratified by racial discrimination tertile, are also presented in Table 3.

As shown in Tables 1 and 2, age, marital status, education, pre-pregnancy BMI, early 

pregnancy smoking status, and primiparity did not differ by racial discrimination tertile. A 

trend toward differences in sleep quality (F(2,88) = 2.99, p = 0.056) and significant 

differences in perceived stress (F(2,88) = 3.59, p = 0.032) were noted in tertile comparisons. 

Post-hoc comparisons by Sidak’s method revealed at trend toward poorer sleep quality (t(89) 

= 2.41, p = 0.053) and significantly greater perceived stress (t(89) = 2.58, p = 0.034) among 

women in the third versus first tertile of experiences of racial discrimination. We also 

examined whether group differences were present according to time of sampling, noting the 

potential for differences in sampling time of day (F(2,88) = 2.28, p = 0.108) but not 

sampling gestational age (F(2,88) = 0.33, p = 0.718). Of note, findings did not suggest an 

association between racial discrimination tertile and birth timing among the assessed sample 

of all African American women (F(2,88) = 0.80, p = 0.451).

3.2. Racial Discrimination and Maternal Cortisol Levels

Linear regression demonstrated no main effect of racial discrimination tertile on maternal 

cortisol levels (p values ≥ 0.238). We considered further the possibility that exposures to 

discrimination may be more strongly related to cortisol output when responses to 

discrimination are internalizing, which was supported by a significant interaction in 

comparisons of Tertile 2 vs. 1 (b* = 0.42, p = 0.002). Among women reporting accepting 

racial discriminatory exposures as a fact of life and/or keeping these exposures to themselves 

(n = 34), classification in Tertile 2 was associated with significantly higher cortisol levels 

than classification in Tertile 1 (b* = 0.68, p = 0.001). This relationship was not present 

among women that did not report internalizing responses (b* = −0.07, p = 0.594).

3.3. Racial Discrimination and Leukocyte Glucocorticoid Sensitivity

Next, the modifying effect of racial discrimination tertile on associations among maternal 

plasma cortisol levels and plasma IL-6, TNF-α, IL-1 β, and IL-8 levels was examined in 

separate multiple linear regression models. Results demonstrated differential associations 

among plasma cortisol and IL-8 levels among women in the second (b* = −0.83, p = 0.017) 

and third (b* = −1.04, p = 0.011) tertiles as compared to the first. Shown in Figure 1, 

consistent with appropriate leukocyte glucocorticoid sensitivity, greater maternal plasma 

cortisol levels predicted greater plasma IL-8 levels among women reporting no 

discrimination (b* = 0.36, p = 0.030). The correspondence between cortisol and IL-8 levels 

progressively deviated from the expected direction among women in the second (b* = −0.21, 

p = 0.217) and third (b* = −0.36, p = 0.110) tertiles of experiences of racial discrimination, 

suggesting decreasing levels of glucocorticoid sensitivity. Associations among plasma 

cortisol and IL-6, TNF-α, and IL-1 β levels did not significantly differ by racial 

discrimination tertile (p values ≥ 0.266), with maternal plasma cortisol levels failing to 
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significantly predict plasma IL-6 (b* = −0.06, p = 0.570), plasma TNF-α (b* = −0.06, p = 

0.592), or plasma IL-1 β (b* = 0.004, p = 0.966) among the full sample.

As shown in Figure 2, multiple linear regression models demonstrated that the association 

between plasma cortisol level and monocyte count also significantly differed among women 

in the third tertile of experiences of racial discrimination as compared to the first (b* = 0.83, 

p = 0.042). Approximating appropriate leukocyte sensitivity, cortisol levels were negatively 

but non-significantly associated with monocyte count among women in the first tertile (b* = 

−0.24, p = 0.148). The correspondence between cortisol and monocyte count progressively 

deviated from the expected direction among women in the second (b* = 0.21, p = 0.208) and 

third (b* = 0.33, p = 0.141) tertiles of experiences of racial discrimination, suggesting 

decreasing levels of glucocorticoid sensitivity in a dose-response pattern. Interestingly, 

cortisol level and lymphocyte count were also dependent upon discrimination tertile but with 

the second tertile differing significantly from the first tertile (b* = −0.77, p = 0.043; Figure 

3) and non-significantly but in the same direction from the third tertile (b* = −0.72, p = 

0.078). Consistent with appropriate leukocyte sensitivity, cortisol levels were negatively 

associated with lymphocyte count among women in the first tertile (b* = −0.35, p = 0.033). 

Effect estimates for associations among cortisol levels and lymphocyte counts among 

women in the second and third tertiles were b* = 0.13, p = 0.455 and b* = −0.37, p = 0.099, 

respectively. With no difference by tertile (p values ≥ 0.123), maternal cortisol levels did not 

show a significant association with neutrophil count (b* = 0.04, p = 0.705).

3.4. Maternal Cortisol Levels and Birth timing by Racial Discrimination Tertile

Next, we tested the hypothesis of effect modification by racial discrimination tertile in the 

prediction of birth timing according to maternal cortisol level. Results from the interacting 

multiple linear regression model indicated that the association between maternal cortisol 

level and birth timing differed among those in the second (b* = 0.97, p = 0.005) and third 

(b* = 1.07, p = 0.007) tertile of experiences of racial discrimination as compared to the first. 

As shown in Figure 4, each ng/ml positive difference in maternal cortisol level predicted 

birth 0.15 days earlier among women in the first tertile (b* = −0.59, p < 0.001) but did not 

provide predictive power among women in the second (b* = 0.06, p = 0.690) or third tertile 

(b* = 0.15, p = 0.497).

Given our focus on spontaneously-initiated birth timing, we also repeated this analysis 

excluding cases of induction of labor or Caesarean section prior to 39 weeks gestation (n = 

8), again noting maternal cortisol level × racial discrimination interaction effects (Tertile 2 

vs. 1: b* = 0.94, p = 0.007; Tertile 3 vs. 1: b* = 1.11, p = 0.007) and the presence (b* = 

−0.60, p = 0.001) and absence (p values ≥ 0.448) of statistically significant cortisol-birth 

timing association among women in the first versus second and third tertiles of experiences 

with racial discrimination, respectively.

3.5. Sensitivity Analyses

To determine whether the above findings were susceptible to confounding, we repeated all 

analyses controlling for sleep quality, perceived stress, and sampling time of day, each of 

which were significantly or suggested potential association with racial discrimination tertile 
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in our sample. Results remained consistent, including for the identification of a significant 

racial discrimination × internalizing response interaction in the prediction of cortisol levels 

and maternal cortisol level × racial discrimination tertile interactions in the prediction of 

plasma IL-8 levels, monocyte counts, lymphocyte counts, and birth timing without and with 

exclusions applied. The presence versus absence of predictive power for birth timing 

according to cortisol level among women in the first versus second and third tertiles was 

again noted.

4. Discussion

4.1 Racial Discrimination and Leukocyte Glucocorticoid Sensitivity

To our knowledge, this prospective cohort study is the first to demonstrate an association 

between experiences of racial discrimination and patterns of endogenous feedback consistent 

with decreased leukocyte glucocorticoid sensitivity. To our knowledge, few reports have 

assessed the effects of discrimination on related biological parameters, though our findings 

are generally consistent with those from Berger et al. (2017) who report blunted cortisol 

responses to acute psychological stress as a function of self-reported racial discrimination 

among Indigenous and non-Indigenous Australian young adults. Our findings are also in line 

with but extend prior work examining the effects of alternative forms of psychological stress 

on glucocorticoid sensitivity using similar methods to our own (e.g., repeated social defeat 

in animal models, caregiver stress, long-term threat; Cohen et al., 2012; G. E. Miller et al., 

2002; Powell et al., 2009; Walsh et al., 2017).

This report also adds to a small literature examining psychoneuroimmune/endocrine 

contributions to glucocorticoid signaling during the prenatal period. Specifically, our 

findings lend support to reports from Corwin et al. (2013) and Katz et al. (2012), which 

noted the presence of decreased prenatal leukocyte glucocorticoid sensitivity among 

minority/low income versus nonminority/high income women and as a factor of higher 

maternal depressive symptoms, respectively. Interestingly, a positive association between 

maternal distress and placental expression of the glucocorticoid receptor has also been 

reported, which may contribute to greater sensitivity to the hormone at the level of the 

placenta (Mina, Raikkonen, Riley, Norman, & Reynolds, 2015; Reynolds et al., 2015). 

Nonetheless, some evidence does suggest that this link is present among Caucasian but not 

African American women (Capron, Ramchandani, & Glover, 2018). Additional prospective 

cohort studies among perinatal samples of appropriate scale are needed to determine 

whether the biological ramifications of psychological stress are dependent upon the stress 

construct, the endocrine hormone, the cell, and/or population under study. Considering our 

findings and given the dearth of evidence, there remains the possibility that psychological 

stress-induced decreases in glucocorticoid sensitivity can be witnessed in response to various 

hormones (e.g., corticotropic-releasing hormone) across various cells and tissues (e.g., the 

placenta), which holds important implications for the study of complications of pregnancy 

(Smith & Nicholson, 2007).
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4.2 Implications for Birth Timing

In addition, we provide novel evidence of effect modification by experiences of racial 

discrimination tertile on associations among prenatal cortisol levels and future birth timing, 

with a negative association noted among African American women reporting no experiences 

but not among those in the mid- and upper tertiles of exposure. A growing body of literature 

implicates prenatal cortisol elevations, including in response to various forms of 

psychological stress, in accelerated birth timing (e.g., Gillespie et al., 2017; Giurgescu, 

2009; Hoffman et al., 2016), with our findings suggesting that it may be true among some 

but not all women. This pattern is of critical importance considering that an accurate 

depiction of the biologic pathways to shortened gestation is a prerequisite to the design of 

targeted, effective preventive interventions, particularly among African American women 

bearing a disproportionate burden of preterm birth in the United States. (Martin et al., 2017).

While the spontaneous initiation of labor processes by means of cortisol elevations may be 

related to aberrations in immune or neuroendocrine feedback circuits, it is notable that this 

study simultaneously witnessed deviations from expected biologic effects of cortisol on 

specific aspects of leukocyte feedback as well as birth timing dependent upon experiences of 

racial discrimination. Specifically, African American women showed progressive deviation 

from expected associations among maternal cortisol levels and plasma IL-8 levels (expected 

positive association) and monocyte counts (expected negative association) in progressing 

from the 1st to 3rd tertile of experiences of racial discrimination. Interestingly, the expected 

pattern of association among maternal cortisol levels and lymphocytes counts (expected 

negative association) was maintained among those without experiences of discrimination, 

with significant differences witnessed specifically among the second tertile (i.e., those 

reporting 1 – 2 experiences). The meaning behind this finding, as opposed to those above 

suggesting a dose-response, is not immediately clear but is certainly worth further attention.

IL-8, noted for its role in neutrophil recruitment, is tightly regulated during healthy gestation 

and is seen in higher concentrations peripherally during preterm versus term labor (e.g., 

Christian & Porter, 2014; Gillespie, Porter, & Christian, 2016; Herrera-Munoz, Fernandez-

Alonso, Fischer-Suarez, Chedraui, & Perez-Lopez, 2017). Moreover, the coinciding diurnal 

patterns of cortisol levels and monocyte/lymphocyte counts, in which the nadir meets the 

trough and vice versa, have long been appreciated in studies of animals (e.g., Dhabhar, 

Miller, Stein, McEwen, & Spencer, 1994) and humans (e.g., Thomson, McMahon, & 

Nugent, 1980). As described by Dhabhar and colleagues (2012), rising cortisol levels appear 

to induce monocyte and lymphocyte trafficking to peripheral tissues as opposed to 

decreasing cell numbers. Given that these immune cells rapidly influx maternal-fetal tissues 

during labor, it may be that enhanced cortisol-induced tissue surveillance increases 

likelihood for expedited initiation of the well-described inflammatory cascade of labor 

(Hamilton et al., 2012). This will be an interesting area of inquiry for future work.

It is also critical to note that, while there is biologic plausibility that racial discrimination-

associated differences in sensitivity to the biologic effects of cortisol diminishes associations 

between the hormone’s levels and birth timing, exposure to salient psychological stressors 

such as racial discrimination do not protect against but heighten risk for preterm birth 

(Rankin et al., 2011; Ruiz et al., 2014). One explanation for these seemingly discordant 
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findings is that the development of decreased leukocyte glucocorticoid sensitivity, in and of 

itself, increases risk for preterm birth – essentially shifting the biologic pathway underlying 

the syndrome but increasing risk nonetheless.

Decreased glucocorticoid sensitivity may lead to subtle but important changes in the 

maternal inflammatory milieu, impairing a woman’s ability to maintain pregnancy. Indeed, 

this study and others have noted that exposure to racial discrimination alone does not 

consistently predict greater total cortisol output (Busse, Yim, Campos, & Marshburn, 2017; 

Korous, Causadias, & Casper, 2017), which is likely related to an increasing ability to 

normalize total cortisol output as time passes following stressor first emergence (G. E. 

Miller, Chen, & Zhou, 2007). However, our findings certainly suggest that these 

relationships may be complicated. Specifically, our report suggests that both experiences of 

and responses to racial discrimination may be important in determining biological effects, as 

moderate exposures to racial discrimination predicted elevated cortisol levels only among 

those exhibiting internalizing responses. This is consistent with work showing that resultant 

distress may be a particularly important mediator linking discriminatory exposures to 

cortisol levels (Lee et al., 2018). Moreover, glucocorticoid resistance can persist undetected, 

resulting in failure to dampen inflammation upon environmental challenge through loss of 

important transactivation and transrepressive effects at the level of the leukocyte (e.g., Jarcho 

et al., 2013; Walsh et al., 2017). In fact, while research in this area is sparse, Maranville and 

colleagues (2013) noted in a small pilot that, compared to European Americans, African 

Americans show decreased glucocorticoid-mediated inhibition of lymphocyte proliferation, 

which appears to be related to decreased transrepression of NFKB1, which codes a subunit 

of the positive inflammatory regulator, nuclear factor kappa B.

4.3 Strengths

Major strengths of the current study include its prospective cohort design, which provided 

the opportunity to assess exposure to racial discrimination and the biologic parameters of 

interest during asymptomatic pregnancy in advance of birth. Enrollment of a generally 

healthy sample also reduced the potential for confounding. The EOD has been extensively 

studied and is a well validated tool for use among African American women, including for 

the prediction of outcomes of interest during pregnancy (Francis et al., 2017). Also of note, 

biologic parameters were standardized to gestational age and sampling time of day windows 

(removed from awakening, exercise, or caffeine intake), with further statistical controls 

applied as appropriate to account for prenatal and diurnal fluctuations in cortisol output. The 

examination of patterns of endogenous glucocorticoid feedback, using concurrent sampling 

of cortisol, inflammatory markers, and leukocyte counts, also helped to remove the potential 

effects of these fluctuations. Though, of course, given the diurnal nature of cortisol 

fluctuations, future studies may wish to expand their sampling beyond a single concurrent 

draw, which may provide more power to note subtle differences such as in cortisol 

trajectories as a function of experiences of racial discrimination. The accuracy of gestational 

age estimates were bolstered through the requirement of ultrasound determination or 

confirmation of estimated due dates, which is accurate within seven days when performed at 

or before 15 weeks of pregnancy (American College of Obstetricians and Gynecologists, 

2014).
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4.4 Limitations

This study is limited by lack of ability to examine the potential effects of alternative forms of 

racism on the outcomes of interest, as it is highly likely that individual encounters with 

racial discrimination fail to fully account for the social inequalities thought to contribute to 

racial health disparities (e.g., Geronimus, 1992; Geronimus, 1996). For example, Chae and 

colleagues (2018) recently reported increasing prevalence of preterm birth as a function of 

greater area racism, estimated according to Google search patterns. Supported by our 

findings as well as prior literature (Chae et al., 2018; e.g., Corwin et al., 2013), future 

perinatal research will benefit from examining the effects of individual-level racial 

discrimination as well as more subtle but perhaps equally important discriminatory 

exposures on patterns of glucocorticoid sensitivity and birth outcomes. On a related note, it 

must be reiterated that, among women without experiences of racial discrimination, 

expected significant associations among maternal cortisol levels and the assessed biological 

parameters were only noted for prediction of IL-8 and lymphocytes and approximated for 

prediction of monocytes. Maternal cortisol levels failed to predict IL-6, TNF-α, or IL-1 β for 

the full cohort, with no differences by discrimination tertile. As such, though greater 

frequency of experiences of racial discrimination was generally consistent with progressive 

deviations from expected patterns of association, it is difficult to draw solid conclusions in 

this regard. Larger studies powered to examine the multiple exposures with potential 

importance for glucocorticoid sensitivity, as discussed above, may help to clarify this issue 

further.

Further, the appropriateness of categorization of continuously-measured predictors, 

regardless of their distribution, has been long debated in the psychological sciences (e.g., 

MacCallum, Zhang, Preacher, & Rucker, 2002). In this case, the patterns in the data 

prompted us to create distinct racial discrimination categories, which decreases the 

likelihood of assigning spurious prediction at rare levels of a significantly skewed variable. 

Prior studies applying similar categorization have also reported effects of racial 

discrimination on biological parameters and birth outcomes (Christian, Iams, Porter, & 

Glaser, 2012; Collins et al., 2000; Giurgescu et al., 2016); however, the potential for 

spurious results based on false categorization cannot be ruled out. In addition, the current 

study lacked a repeated measures design, which prohibited examination of potential 

gestational age effects on patterns of leukocyte glucocorticoid sensitivity. The absence of 

alternative measures of glucocorticoid resistance, such as through ex vivo or in vivo 
dexamethasone suppression testing, was also a limitation. Unmeasured factors, including 

binding proteins, receptor number, and activity, may also provide further explanations for 

findings.

5. Conclusion

In conclusion, the current study provides new data showing an association between racial 

discrimination and cortisol levels during pregnancy among women with internalizing 

responses to this important and salient exposure. Moreover, we report associations among 

racial discrimination and biologic profiles consistent with decreased leukocyte 

glucocorticoid sensitivity among pregnant African American women. Specifically, effects of 
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racial discrimination were seen in examining concurrent associations among maternal 

cortisol level, plasma IL-8 level, monocyte count, and lymphocyte count. We also provide 

novel evidence showing that greater maternal cortisol levels predict earlier birth among 

African American women without but not with a history of exposure to racial 

discrimination. These findings suggest that the biology of preterm birth may differ 

dependent upon this important exposure, favoring pathways dependent upon glucocorticoid-

induced increases in leukocyte tissue surveillance versus glucocorticoid resistance-

associated aberrations in inflammatory regulation, respectively. Precision approaches to the 

management of prenatal care are sorely needed to combat the high rates of preterm birth 

witnessed worldwide, particularly among African American women. These efforts are 

dependent upon further research examining the intricate and potentially diverse biologic 

pathways that may contribute to the syndrome dependent upon the totality of an individual’s 

exposures.
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Highlights

• Racial discrimination predicts lower maternal leukocyte glucocorticoid 

sensitivity.

• Elevated cortisol levels predict earlier birth in women without past 

discrimination.

• Findings suggest biology of preterm birth may be unique based on prior 

exposures.
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Fig. 1. Plasma cortisol and interleukin-8 levels by discrimination tertile.
Estimated marginal effects for the prediction of IL-8 levels according to cortisol levels. 

African American women in the first tertile showed a significant positive association (b* = 

0.36, p = 0.030) as compared to non-significant negative associations among women in the 

second and third tertiles (p values ≥ 0.110).
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Fig. 2. Plasma cortisol levels and monocyte count by discrimination tertile.
Estimated marginal effects for the prediction of monocyte count according to cortisol levels. 

African American women in the first tertile showed a non-significant negative association 

(b* = −0.24, p = 0.149) as compared to non-significant positive associations among women 

in the second and third tertiles (p values ≥ 0.141).

Gillespie and Anderson Page 21

Soc Sci Med. Author manuscript; available in PMC 2019 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 3. Plasma cortisol levels and lymphocyte count by discrimination tertile.
Estimated marginal effects for the prediction of lymphocyte count according to cortisol 

levels. African American women in the first tertile showed a significant negative association 

(b* = −0.35, p = 0.033) as compared to a non-significant positive association among women 

in the second tertiles (b* = 0.13, p = 0.455) and non-significant negative association among 

women in the third tertile (b* = −0.37, p = 0.099).
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Fig 4. Plasma cortisol levels and birth timing by discrimination tertile.
Estimated marginal effects for the prediction of birth timing according to cortisol levels. 

African American women in the first tertile showed a significant negative association (b* = 

−0.59, p < 0.001) as compared to non-significant positive associations among women in the 

second and third tertile (p values ≥ 0.497).
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