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Abstract

Background: Factors underlying physiological reactions from perceived discrimination and its 

relation to adverse health outcomes are not completely understood. The main purpose of this study 

was to test the hypothesis that experiences of discrimination (recent and lifetime) correlate with 

biomarkers of stress, oxidative stress, and obesity among adult females.

Methods: Data on 62 females who self-identify as African American (AA; n=31) or European 

American (EA; n=31) aged 21-45 years were included. Discrimination experiences (recent and 

lifetime) were evaluated based on a validated instrument. Stress was assessed based on hair (HC) 

and salivary cortisol (SC), hsC-reactive protein (hsCRP), cardiovascular markers, and LDL-

cholesterol oxidation. Obesity was measured based on BMI, waist circumference, and body fat 

percent. Multiple linear regression analyses were performed to evaluate the influence of 

experiences of discrimination.

Results: Significant differences in experiences of discrimination were observed by race (p<0.05) 

and were higher in AA females. Results for the multiple regression models assessing the 

contribution of discrimination indicate that hsCRP and pulse were significantly associated with 

recent experiences of discrimination, and SC, HC, hsCRP, diastolic blood pressure (DBP), and 

pulse were significantly associated with lifetime experiences of discrimination when adjusted for 

BMI and race (p<0.05). Finally, oxidation of LDL-cholesterol was significantly associated with 

salivary cortisol (p=0.0420) when adjusted by lifetime experiences of discrimination (p=0.0366) 

but not for BMI (p=0.6252).

Conclusion: In this cross-sectional study, AA females experienced more discrimination 

compared to EA females. Levels of recent and lifetime experiences of discrimination were 

associated with some stress biomarkers. Salivary cortisol was associated with oxidation of LDL-

cholesterol with shorter lag times and increased risk for cardiovascular disease.
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Introduction

Racial health disparities have been ubiquitously documented in the United States with a 

higher prevalence of cardiovascular disease (CVD) risk in African Americans. Reports have 

shown greater prevalence of cardiovascular disease including obesity, stroke, diabetes, and 

hypertension in this population and they are more likely to suffer from four or more chronic 

conditions compared to whites [1, 2]. These differences are more pronounced by gender, 

with black women having significantly higher prevalence of obesity (54.8%) than white 

women (38%) [2]. There is limited understanding on the etiology of why the burden of CVD 

risk factors remains highest for black women compared to other gender and racial groups[3]. 

However, many have postulated that racial disparity in chronic prevalence in African 

Americans may partially result from greater chronic psychosocial ‘life’ stress, as this 

population is subject to repeated daily micro stressors including higher rates of poverty, 

social disadvantages [4], and discrimination [5]. In a world where resources are not 

distributed equally, the contribution of psychosocial ‘life’ stress to the health of individuals 

is an area deserving scientific investigation.

The way in which stressors of equal harmfulness can elicit different health-related responses 

among people is an area of intense scientific interest. Research has demonstrated how 

upstream instigating and exacerbating social and environmental factors as well as 

downstream health behaviors and chronic disease development factors can interact with 

psychosocial “life” stress to potentially account for worse health outcomes and increased 

disease risk in different groups [6, 7]. A psychosocial ‘life’ stress of interest among health 

disparities research today is discrimination, which has been reported highest among people 

of color, socially disadvantaged populations, and in the Midwest and southern region of the 

United States [8]. Since the passing of Civil Rights Act of 1964 in the U.S., little progress 

has been made to eliminate mistreatment of individuals based on race, color, religion, sex, or 

national origin [9]. Subtle ways of individual discrimination against someone based on their 

age, race, or gender persist as daily stressful experiences among groups. Validated 

psychosocial instruments facilitate quantitative evaluation of both acute and chronic 

discrimination and their influence on one’s psychological and physiological health [10, 11].

It has been established that the actual and/or imagined mental, physical or emotional 

demands of stress can result in diverse inadequate or harmful physiological responses [12]. 

Chronic exposure to a stressor, such as discrimination, erodes adaptive, behavioral and 

physiological responses over time, worsening the health of the population[13]. Physiological 

systems that are involved after an exposure to stress include the hypothalamic- pituitary-

adrenal (HPA) axis and the sympathetic nervous system (SNS), where increased exposure to 

discrimination may alter cortisol levels and increase circulating inflammatory markers, 

leading to chronic low-grade inflammation and adverse health consequences[14, 15].
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Exposure to discrimination has gained more attention as a contributor to health disparities as 

it appears to be associated with cumulative stress[16], higher serum cortisol, and higher 

levels of oxidation[17, 18]. Among a multiethnic sample of women, everyday discrimination 

was also found to increase risk of early coronary calcification (atherosclerosis) and 

metabolic syndrome risk factors such as elevated blood pressure and triglycerides [19, 20]. 

Other toxic forms of stress, such as childhood adversity, work-related stress, low 

socioeconomic status, and depression have been associated with low-grade inflammation 

and diseases such as hypertension[21], depression [15], metabolic syndrome[22], and 

obesity [23]. A gap exists in our understanding of the direct effects of discrimination on our 

stress response systems, cardiovascular risk factors, and chronic disease disparities.

Discrimination and its relationship with stress, obesity, and oxidative stress is not clear. 

Therefore, the main purpose of this study was to test the hypothesis that experiences of 

discrimination (recent and lifetime) correlate with biomarkers of stress, obesity, and 

oxidative stress among African American (AA) and European American (EA) females. 

Specifically, the aim of the present study was to examine first, the differences in recent and 

lifetime experiences of discrimination and physiological biomarkers of stress by race (AA 

vs. EA). The second aim was to evaluate recent and lifetime experiences of discrimination 

with stress biomarkers, race, and obesity. Finally, the third aim was to examine if 

physiological biomarkers of stress were associated with oxidative stress, which underlies 

cardiovascular risk. We hypothesized that AA females would exhibit higher discrimination 

in comparison to EA females and that the exposure to higher levels of discrimination would 

be positively associated with biomarkers of stress and higher oxidative stress. Identifying the 

physiological and cardiovascular effects of psychosocial stressors, such as stress responses 

caused by chronic experiences of discrimination, are essential to addressing the current 

health disparities among African American women.

Methodology

Participants

Participants were 62 females from Alabama aged 21-45 years, who self-identify as African 

American (AA; n=31) or European American (EA; n=31) from Alabama. Participant 

inclusion criteria included body mass index (BMI) between 19-46 kg/m2, and participants 

had to be sedentary or moderately active (less than two hours per week of exercise). The 

exercise criteria were based on previous evidence in which exercise appears to influence the 

stress hormones such as cortisol and would confound the study[24, 25]. Participants were 

recruited through multilevel marketing of University of Alabama at Birmingham (UAB) 

website, flyers, word of mouth, and social media (Facebook). The recruitment started in 

August 2014, and finished in April 2016 and the second visit was according to the 

availability of the participants within a window of no more to 30 days. Participants had no 

medical diagnosis or medication contraindicated for study participation (i.e. no one was 

taking diuretics, beta-blockers, calcium channel blockers, angiotensin converting enzyme 

inhibitors, angiotensin II receptor blockers, and others hypertension drugs) or medication 

known to affect body composition and metabolism. To ensure no overrepresentation and 

bias, recruitment was stopped once 31 females of each race (AA and EA) were enrolled.
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Protocol

Data were collected during two visits. At the first visit, an interview was performed to 

collect information about the experiences of discrimination, and anthropometric measures, 

hair, and saliva samples were collected. At the second visit, blood samples were collected. 

All sample collections and analyses were conducted in the Core Laboratory of UAB’s, 

Center for Clinical and Translational Science Clinical (CCTS) Research Unit (CRU), 

Diabetes Research Center’s BioAnalytical Redox Biology (BARB) Core, and Nutrition and 

Obesity Research Center at the Department of Nutrition Sciences. The Institutional Review 

Board (IRB) at UAB approved this study, and the participants provided written informed 

consent prior to their inclusion in the study.

Blood samples

An intravenous catheter was placed to obtain blood samples and plasma was immediately 

collected after centrifugation at 3000 rpm for 15 minutes. Serum tubes sat at room 

temperature for 15 minutes to allow clotting. Serum was collected by centrifugation at 3000 

rpm for 15 minutes. For low-density lipoproteins cholesterol (LDL-cholesterol) 

measurements, 4mL of plasma was collected. All remaining whole blood, plasma and serum 

were aliquotted and immediately snap frozen in liquid nitrogen for future analyses. Insulin, 

glucose, hsC-reactive protein (hsCRP), cholesterol, and LDL-cholesterol oxidation were 

measured.

Dependent variables

Stress biomarkers—Stress was assessed based on hair (HC) and salivary cortisol (SC), 

hsCRP, cardiovascular markers (blood pressure, pulse, insulin, and total cholesterol), and 

LDL-cholesterol oxidation expressed in lag time.

Hair cortisol—Long-term cortisol levels were evaluated in hair as a measure of chronic 

stress. Hair sample of approximately 6mm (standard pencil diameter) were cut from the 

vertex posterior as close to the scalp as possible. The sample was cut to three centimeters 

(cm) in length, reflecting roughly the prior three months, since hair is reported to grow ~1 

cm/month[26]. Hair was cut and stored independently until processed, using a slightly 

modified procedure as described by Meyer et al[26]. Around 25-50mg of hair was washed 

three times with isopropanol, air dried for three days, weighed, and stored at −80°C until 

analysis. The dried hair samples were added to a pre weighed tube containing three 5mm 

steel grinding balls (Retsch) and ground using a TissueLyser II (Qiagen Venlo, Netherlands) 

at 25 Hz for 7 minutes. Cortisol was organically extracted using 1.5ml of methanol added to 

the powdered hair on using a 360 degree rotator for 18 hours at room temperature. Samples 

were then centrifuged at 10,000g for 5 minutes. The supernatant, 1 ml, was transferred to a 

clean tube and evaporated under nitrogen gas in a certified fume hood. The evaporated 

sample was resuspended in 400ul of phosphate buffered saline. Cortisol was assayed using 

25ul of sample according to manufacturer’s protocol (Salimetrics, Salivary Cortisol Enzyme 

Immunoassay Kit, 1-3002, State College, PA). Data was analyzed using StatLIA Enterprise 

2.2 software, and it is represented as nmol/g for hair cortisol[27].
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Sample size for the HC was 31 participants for each race (AA and EA). To measure the 

influence of cortisol on the oxidation of cholesterol LDL in lag time (min), hair cortisol was 

dichotomized into low and high groups. While hair cortisol is considered a novel 

measurement of long term retrospective cortisol secretion, there are not well-established 

cutoff points[28]. Furthermore, it appears that hair cortisol may be influenced by age, hair 

color, body composition, pregnancy, environmental exposures, and others[27, 29]. 

Therefore, in this study, the sample-based percentiles were used to determine the cutoff 

points of low and high levels. The use of percentiles has been previously used in the 

literature such as in the measure of allostatic load (measure of chronic stress)[30]. For hair 

cortisol, high levels were set at ≥0.0040 nmol/g and low levels were set at <0.0040 nmol/g 

based on the sample-based percentiles (25th for low levels).

Salivary cortisol—Salivary cortisol was used as a measurement of acute stress. The saliva 

was collected by having the participant expectorate 5 mL into a sterile collection tube over a 

time period of 10-30 minutes in the morning. Collection began at a minimum of 60 minutes 

from their last meal. All participants thoroughly rinsed their mouth with water right before 

collection began. Saliva was aliquoted to 0.5mL tubes and frozen at −80°C until analysis. 

Preparation and assay of saliva samples was done in accordance with manufacture’s 

instruction (High Sensitivity Salivary Cortisol Enzyme Immunoassay kit, Salimetrics, State 

College, PA, USA). Data was analyzed using StatLIA Enterprise 2.2 software, and it is 

represented as μg/dL for salivary cortisol. To measure the influence of cortisol on the 

oxidation of cholesterol LDL expressed in lag time (min), salivary cortisol was 

dichotomized into low and high groups. Although salivary cortisol is more prevelant in 

epidemiological research, many confounding variables have been noted to affect this 

measure, such as health behaviors, race, education, and others[31]. Also, some of the cutoff 

points described in the literature have been established for the diagnosis of some 

syndromes[32]. Therefore, for this study, sample-base percentiles were used to establish the 

cutoff points for lower levels to keep consistency with the methodology. For salivary 

cortisol, high levels were set at ≥0.13 μg/dL and low levels were set at <0.13 μg/dL based on 

the sample-based percentile (25th for low levels). Sample size for the SC was 31 participants 

for each race (AA and EA).

Serum cortisol—Serum cortisol (SeC) samples require no preparation and were assayed 

using 25ul according to manufacturer’s instruction (Salimetrics, Salivary Cortisol Enzyme 

Immunoassay Kit, 1-3002, State College, PA). Data was analyzed using StatLIA Enterprise 

2.2 software, and it is represented as μg/dL for serum cortisol. Sample size for the SeC was 

21 participants for each race (AA and EA).

hsC- reactive protein—hsCRP was assayed with the high-sensitivity ELISA kit (030–

9710s, ALPCO, Windham, NH)[33]. hsCRP was assayed with the Stanbio Sirrus using a 

turbidimetric procedure. Mean sensitivity is 0.50 mg/L and interassay CV is 8.9%[34]. 

Sample size for the hsCRP was 20 participants for each race (AA and EA).

Cardiovascular markers—Cardiovascular measures included blood pressure, pulse rate, 

glucose, insulin, and LDL-cholesterol. Blood pressure (both systolic blood pressure, SBP 
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and diastolic blood pressure, DBP) measurements were performed using non-invasive, local 

pulse contour analysis (Dinamap Pro 200 automated cuff, GE Medical Systems). 

Participants were seated and remained quiet during the testing procedure. An adult-sized 

blood pressure cuff was placed around the non-dominant arm. The sensor was adjusted as 

needed to achieve the highest relative signal strength. Pulse rate was measured using non-

invasive pulse wave analysis (HDI/Pulse Wave TM CR-2000, Hypertension Diagnostics, 

Eagan, MN). Blood samples were obtained from participants using a standard, 75 g, 2-h, 8-

sample oral glucose tolerance test (OGTT). Glucose was measured using a Stanbio SIRRUS 

analyzer. Insulin was measured using a TOSOH immunoassay analyzer. Insulin sensitivity 

was calculated using the insulin and glucose serum concentrations across the test in 

conjunction with the arithmetic calculation validated by Matsuda and DeFronzo[35]. 

Lipoproteins for LDL were calculated as described by Chung et al[36]. (Preparative and 

quantitative isolation of plasma lipoproteins: rapid, single discontinuous density gradient 

ultracentrifugation in a vertical rotor) with modifications, a discontinuous NaCl/KBr density 

gradient was used in zero time point plasma for isolation of lipoproteins for LDL. A density 

gradient was formed by adjusting the density of plasma to 1.2g/mL with KBr and under-

laying plasma below Tris buffered saline. Samples were immediately placed in vertical 

rotors and centrifuged in a Sorvall L160 Ultracentrifuge at 10°C, 50,000 rpm for 2.5 hours. 

Low-density lipoproteins, which appears as an orange band in the center of the tube were 

removed using a 21-gauge syringe needle and 1 ml sterile syringe and added to an Amicon 

Ultra centrifugal filter (Merek Millipore) and centrifuged at 9,000 rpm for 15 minutes to 

concentrate the LDL. The LDL was then collected, added back to the filter, filled with 

phosphate buffered saline (PBS) and 10 μM Diethylenetriamine-pentaacetic acid (DTPA; 

ACROS) to rinse and remove excess KBr and centrifuged at 9,000 rpm for 15 minutes. 

Endpoint cholesterol levels were determined from zero time point plasma using cholesterol 

standard and reagent in accordance with manufactures instruction. (Pointe Scientific, 

Canton, MI). Sample size for SBP, DBP, pulse rate, insulin and glucose and LDL-cholesterol 

were 21 participants for each race (AA and EA).

LDL-cholesterol oxidation—The LDL oxidation kinetics expressed in lag time 

(minutes), which is an indicator for the susceptibility of the LDL to oxidation, atherogenic 

potential and cardiovascular risk, were measured by following the conjugated diene 

formation using a spectrophotometer. A total of 50 μg/ml of LDL in PBS was added to 

quartz cuvettes, CuSO4 was added to give a final copper concentration of 5 μM and 0.5 μM 

DTPA. Measurement of conjugated diene formation at 234 nm at 5-minute intervals for 11.6 

hours was started immediately after addition of copper. Shorter lag times indicate a greater 

susceptibility to oxidation of LDL and potential formation and propagation of oxidized 

LDL, increased atherogenic potential and cardiovascular risk. Sample size for LDL-

cholesterol oxidation were 21 participants for each race (AA and EA).

Independent variables

Recent and Lifetime Experiences of Discrimination—A scale developed and 

validated by Shariff-Marco et al[10] was used to measurediscrimination. During the 

interview, the participants were in a comfortable and private place in which one person of 

the same race and gender administered the questions, and they were not asked to explain or 
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give details regarding their responses. The scale captures four dimensions of discrimination 

1) frequency of encounters with discrimination across several domains (e.g. medical care, 

school, work, stress and other public places); 2) timing of exposure (e.g., recent, lifetime); 3) 

appraisal of discrimination as stressful; and 4) responses to discrimination[10]. This survey 

includes two approaches; the first consists of early attribution (ask specifically about 

discrimination based on race/ethnicity) and the second included late attribution (ask about 

unfair treatment, then ask about the reasons for this unfair treatment).

The recent experiences of discrimination included experiences in the past 12 months and 

were divided into three sections. The first section included eight questions of “… how often 

have any of the following things happened to you… treated with less respect at restaurants, 

criticized accent or speech, people think you are not smart, people are afraid of you, people 

think you are dishonest, people think they are better than you, you feel threatened/harassed.” 

The answers to the first section included: never=0, rarely=1, sometimes=2, or often=3 (with 

a total maximum of 24). The second section included six questions about why you may have 

been treated unfairly because “… ancestry or national origin, gender or sex, or skin color, 

age, way you speak English, and other reason”. The answers of the second section included: 

yes=1 or no =0 (with a total maximum of 6). The third section included one question of “…

how stressful have these experiences of unfair treatment usually been for you…” The 

answers of the last section included: not at all stressful=0, a little stressful=1, somewhat 

stressful=2, or extremely stressful=3 (with a total maximum of 3).

The lifetime experiences of discrimination included experiences during the entire lifetime 

and are also divided in three parts, the first section included five questions of “…how often 

have you been treated unfairly at… school, work, medical care, or by the police and the 

courts, or in other situations…” The answers of the first section included: never=0, rarely=1, 

sometimes=2, or often=3 (with a total maximum of 15). The second section included six 

questions about the reasons for discrimination “…because of your ancestry, gender or sex, 

race or skin color, age, the way speak English, or some other reason…” The answers of the 

second section included: yes=1 or no =0 (with a total maximum of 6). The last part included 

one question of “…how stressful have these experiences of unfair treatment usually been for 

you…” The answers of the last section included: not at all stressful=0, a little stressful=1, 

somewhat stressful=2, or extremely stressful=3 (with a total maximum of 3). Total lifetime 

discrimination scores (0-24) reflect the answers to the 12 questions; higher scores indicated 

higher lifetime discrimination. The analysis of this scale was by total score and by section 

(unfair treatment by place, reasons of being treated unfairly, and stress from unfair 

treatment.)

Obesity measurements—Obesity was measured based on body mass index (BMI), waist 

circumference (WC), and body fat percent (BF%). The body mass index (BMI) values were 

calculated for participants using height in meters (m), and weight in kilograms (kg) as 

follow: weight (kg)/height2 (m). Participants were weighed (Scale-tronix 6702W; Scale-

tronix, Carol Stream, IL) to the nearest 0.1 kg (in minimal clothing without shoes). The 

measure of height was recorded without shoes using a digital stadiometer (Heightronic 235; 

Measurement Concepts, Snoqualmie, WA). BMI was categorized as underweight (BMI 

<18.5 kg/m2), normal weight (BMI 18.5-24.99 kg/m2), overweight (BMI 25-29.99 kg/m2), 
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and obese (BMI >30 kg/m2). Waist circumference in cm was measured at the narrowest part 

of the torso or the area between the ribs and iliac crest. Waist circumference measures were 

obtained using a flexible tape measure (Gulick II; Country Technology, Inc., Gays Mills, 

WI) and were recorded to the nearest 0.1 cm. The estimation of body fat percent was based 

on measurements of four site skinfolds (biceps, subscapular, suprailiac, and triceps) 

procedure described by Durnin and Womersley[37].

Covariates—Consistent with previous research, age, income, marital status, and education 

were included in the statistical models as factors that could influence health outcomes. Age 

was considered as a continuous variable. Income, marital status, and education were 

included as a categorical variables. The income variable was collapsed in two categories (<

$20,000 and ≥20,000). Marital status was classified in three categories (divorced, never 

married, and married), and education was classified in 5 categories (partial high school, high 

school graduate, partial college, standard college graduate, and graduate professional 

training.) The testing of our hypotheses were based on the identification of the most 

parsimonious statistical models balancing statistical, physiological, and racial differences.

Statistical analysis

Descriptive statistics (mean, standard deviation (SD), and frequencies) were calculated to 

summarize age, marital status, income, education, body composition, and lifetime 

experiences of discrimination by race. Differences for absolute values in demographic 

characteristics, recent and lifetime experiences of discrimination, SC, and HC between AA 

and EA were analyzed using t and chi-squared tests. Differences by race for SBP, DBP, 

pulse, IR, hsCRP, SeC, and LDL-cholesterol between AA and EA were analyzed using 

Kruskal-Wallis test. Simple correlations were performed for body composition 

measurements (BMI, body fat percent, and waist circumference) and the dependent 

variables. The three body composition measurements BMI, WC, and BF%, showed similar 

correlation coefficients with the dependent variables, and BMI measure was chosen for the 

regression models. Multiple linear regression analyses were performed to evaluate the 

influence of recent and lifetime experiences of discrimination on biomarkers of stress, race, 

and BMI, and to evaluate the influence of stress biomarkers influence on oxidation of LDL-

cholesterol in lag time. Missing values were treated by complete case analysis, in which 

missing values were excluded from the analysis.

The dependent variables included SBP, DBP, pulse rate, IR, LDL-Cholesterol, hsCRP, 

salivary cortisol (SC), Hair Cortisol (HC), Serum Cortisol (SeC), and oxidation of LDL-

cholesterol in lag time. Independent variables included age, race, BMI, education, recent, 

and lifetime experiences of discrimination. All residuals were tested for normality after 

visual evaluation of residuals from the regression models. Power analysis were performed in 

all regression models using the R-square of each model and the predictors. The significance 

level was considered α=0.05 for all statistical analyses. All analyses were performed with 

SAS statistical software (version 9.4, 2002-2012 by SAS Institute Inc., Cary, NC).
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Results

Demographic characteristics are summarized in Table 1 of the sample by race. From the 

total sample (n=62), females ages 21 to 45 years were included. The majority of females 

reported never being married, an annual income ≥$20,000, and a level of education higher 

than college. Significant differences were observed for BMI, waist circumference, body fat 

percent, and lifetime experiences of discrimination (p<0.0001). A total of 58% (n=18) of 

AA and 29% (n=9) of EA females were classified with obesity according to their BMI (>30 

kg/m2).

Recent and lifetime experiences of discrimination and biomarkers of stress by race

Significant differences of recent and lifetime discrimination, by race (AA vs. EA) (Table 1) 

were revealed. Recent experiences of discrimination were not statistically significantly 

different by race. The analysis by section showed no significant differences for those being 

treated with less respect (first section) at restaurants, criticized by their accent or speech, 

people thinking they were not smart, people being afraid of you, people thinking you are 

dishonest, people thinking they are better than you, or feeling threatened/harassed by race. 

However, the unfair treatment did reveal racial differences (second section), where AA had 

significantly higher scores compared to EA females [t(1,46)=3.29, p=0.0019]. The reasons 

for unfair treatment included ancestry or national origin, gender or sex, or skin color, age, 

way you speak English, and other reasons. The main reason for unfair treatment among AA 

females included ancestry or national origin (18.33%, n=11), skin color (21.67%, n=13), age 

(16.67%, n=10), and among EA females included their sex/gender (21.67%, n=13). There 

were no significant differences from unfair treatment by race, but the majority of females 

who reported unfair treatment due to discrimination, said it was little stressful (22.92%, 

n=11 among AA, and 16.67%, n=8 among EA).

African American females reported higher lifetime experiences of discrimination and were 

statistically significantly different compared to EA females [t(1,47)=2.76, p=0.0081]. No 

significant racial differences for being unfairly treated in a particular location such as at 

school, at work, when getting medical care, with the police at the courts, and in other 

situations were found. Significant differences were observed by race [t(1,46)=3.84, 

p=0.0004] for the reasons behind the unfair treatment. The reasons for discrimination 

included national origin, sex/gender, skin color, the way they speak English, and other 

reasons. The main reason for discrimination among AA females included the combination of 

race and skin color (21.31%, n=13), and among the EA females included their sex/gender 

(14.75%, n=9). The stress felt from unfair treatment, section 3, showed no significant 

differences by race. However, the majority of females mentioned that their perception and 

evaluation of stress due to unfair treatment associated with discrimination was somewhat 

stressful (34.69%, n=17 among AA, and 16.33%, n=8 among EA).

Evaluation of the physiological biomarkers of stress by race revealed that AA females 

exhibited significantly higher levels of SBP, pulse, and HC (p<0.05) (Table 2). Although lag 

time (an indicator of the susceptibility of LDL to increased oxidation and atherogenic 

potential) was not significantly different by race; after outliers were removed (based on ± 3 
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SD) the lag time was significantly decreased in AA females, indicating an increased 

atherogenic potential and CVD risk (AA: 63.38±20.73 vs. EA 86.05±34.89, p=0.0403).

In our study, even though SBP, IR, and LDL-cholesterol markers were not associated with 

recent and lifetime experiences of discrimination, the AA females showed statistically 

significantly higher levels of SBP compared to EA females. Levels of SBP (121.35±11.72) 

among AA females were clinically elevated on average (normal category for SBP: <120 mm 

Hg). Insulin resistance was clinically elevated among EA (5.33±3.05; normal level <4.3) and 

LDL-cholesterol levels were clinically higher in both AA (155.88±37.61) and EA 

(155.27±31.69) females (<100mg/dL).

Recent and lifetime experiences of discrimination, biomarkers of stress, race, and BMI

The influence of recent and lifetime experiences of discrimination on physiological 

biomarkers of stress was evaluated while considering the interactions with race and BMI. 

Recent experiences of discrimination showed statistically significant relationships to hsCRP 

and pulse, and lifetime experiences of discrimination to DBP, HC, hsCRP, and SC in our 

multiple regression models (Table 3). In addition to lifetime experiences of discrimination, 

race showed an impact on levels of SC and HC; and BMI was also associated with higher 

levels of hsCRP, DBP, and pulse (p<0.05). Results from the power analysis from the 

multiple regression models of recent experiences of discrimination showed a range of power 

from 0.73-0.77 and in the case of the models of lifetime experiences of discrimination the 

results showed a range from 0.44-0.82.

Physiological stress biomarkers and oxidation of LDL-cholesterol

There were significant mean differences in lag time of LDL-cholesterol oxidation 

(4.52±0.51 vs. 4.19±0.42) when comparing low to high salivary cortisol levels (p=0.0354) 

among females (Graph 1). However, no significant differences were seen for HC (p=0.8950) 

and lag times. To explore cortisol’s influence on the susceptibility to oxidation of LDL-

cholesterol (lag time), the lifetime experiences of discrimination were included in the 

models with the premise that the exposure to discrimination leads to a cascade of 

physiological reactions that may increase the oxidation of LDL-cholesterol. A relationship 

between BMI, cortisol, and the oxidation of LDL-cholesterol has previously been 

reported[38, 39]. Results for the multiple regression model assessing the contribution of 

higher levels of SC on lag time were statistically significant [F(3,36)=3.37 p<0.0298; 

R2=0.2347]. Lag time was significantly associated with SC (p=0.0420) when adjusted for 

lifetime experiences of discrimination (p=0.0366) and BMI (p=0.6252). Education was 

evaluated as an additional factor that may influence oxidation of LDL-cholesterol lag time. 

Results for the multiple regression model assessing the influence of education on lag time 

were statistically significant [F(2,33)=3.65, p=0.0371; R2=0.1810]. Lag time, atherogenic 

susceptibility, was significantly associated with lifetime experiences of discrimination 

(p=0.0475) but was not significantly associated with education, though showed a trend 

(p=0.0754).

Cedillo et al. Page 10

Int J Behav Med. Author manuscript; available in PMC 2021 February 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Discussion

This study investigated the correlation of experiences of discrimination (recent and lifetime) 

with biomarkers of physiological stress, oxidative stress, and obesity among adult females 

(AA vs. EA). Significantly higher discrimination levels were seen in AA compared to EA 

females. African American females showed significantly higher physiological markers of 

stress including SBP, pulse, and hair cortisol (HC) levels compare to EA females. Recent 

experiences of discrimination were associated with higher levels of inflammation (hsCRP) 

and higher pulse. Lifetime experiences of discrimination were associated with higher levels 

of SC, HC, hsCRP, DBP, and pulse, all of which are considered cardiovascular risk factors. 

Elevated levels of SC were significantly related to increased atherogenic potential of LDL 

cholesterol as measured by shorter lag times.

Our cohort’s socioeconomic (income and education) status is similar to what is seen 

nationally. African American females had lower income compared to EA females[40] and 

EA females had higher levels of education [41]. However, AA females in our cohort had a 

higher education level compared to national representation[41]. African American females 

had higher BMI, waist circumference, and BF% compared to EA females.

The AA females in our cohort reported higher lifetime experiences of discrimination and 

had more reasons to be discriminated against compared to EA females, including their race 

and skin color. Similarly, Lee, et al[42] showed that non-white populations reported more 

experiences of discrimination than their white population. Additional findings showed that 

there were no differences in the location where the unfair treatment occurred nor in the 

perception of stress from this unfair treatment for both recent and lifetime experiences of 

discrimination between AA and EA women. This suggests that recent and lifetime 

experiences of discrimination may not be specific to any particular physical location but may 

be more pervasive.

In our study, the exposure to recent and lifetime experiences of discrimination appears to 

affect the hypothalamic-pituitary axis, the sympathetic nervous system, and the 

cardiovascular system. Similar effects on these physiological systems have been seen when 

there is a chronic exposure to stress derived from racial, gender, physical environment, 

income, and education differences[43]. Cortisol, for example, has been proposed as a marker 

of stress, and in our study, exposure to higher amounts of lifetime discrimination were 

associated with higher levels of SC and HC. Similar results were seen in the O’Brien et 

al[44] study, in which discrimination influenced the HC levels of the participants. The 

additional influence of stress on increasing inflammatory markers has been previously 

studied. In our study, recent and lifetime experiences of discrimination showed a positive 

association with hsCRP levels. The proposed mechanism in which stress increases markers 

of inflammation appears to be related to catecholamines and glucocorticoid stress responses 

after the stress exposure[14].

Different studies have shown that biomarkers of stress such as cortisol are on average higher 

in individuals with obesity and several mechanisms have been described as potential 

contributors. Contributors include an overactivity of the HPA axis, effects on the HPA axis 
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from inflammatory marker exposures, and an individual variation in enzymes that are 

involved in cortisol metabolism[45]. In our study, only DBP and hsCRP showed associations 

with lifetime experiences of discrimination, racial differences, and BMI. However, HC was 

only associated with lifetime experiences of discrimination and racial differences, but not 

with BMI. The stress effects on weight or excess adiposity may be explained in different 

ways. The non-significant relationship of BMI with cortisol levels in our sample may be 

related to the individual variability in glucocorticoid sensitivity, which is partly genetically 

determined, and may lead to higher or lower vulnerability to stressors[45] and/or other 

interacting behavioral factors such as activity or diet. Although LDL-cholesterol levels were 

high and not significantly different in our two groups (AA vs. EA), the lag time of oxidized 

LDL-cholesterol were shorter among AA females, which indicate greater susceptibility to 

oxidation and potential formation and propagation of oxidized LDL-cholesterol. The 

importance of the oxidized LDL-cholesterol is that it has been associated with 

cardiovascular diseases[46].

The increased risk for LDL-cholesterol oxidation appears to be induced by obesity[38, 39]. 

Van Gaal et. al.[38] for example, found obese women to have shorter lag times and less 

resistance to LDL oxidation compared to non-obese women. However, in our study, the 

increased risk for LDL-cholesterol oxidation was seen with increased levels of cortisol 

(measured in saliva and hair) and lifetime experience of discrimination, but not with BMI. 

Although both racial groups had clinically higher levels of LDL, the AA females had a 

significantly higher atherogenic potentional and CVD risk. Our results may be related to 

previous evidence, in which higher cortisol levels were associated with an increased 

cardiovascular risk [47] since our study revealed that increased psychosocial stress is 

positively associated with increased cortisol and increased susceptibility of LDL-cholesterol 

to oxidation. The increase of inflammatory markers contributes to an imbalance of oxidant 

production, where there is either excess production of ROS, inadequate antioxidant sytems, 

or both, which can then induce oxidative stress and ultimately lead to metabolic disease. 

Therefore, the salivary cortisol levels may be one indicator of someone’s cardiovascular risk 

based on our data. We explored the association of lifetime experience of discrimination with 

additional factors including education. However, we found that their level of education was 

not significantly associated with lag time, suggesting that a person’s level of education does 

not influence the effects of discrimination and associated health outcomes in our study.

During a stressful event, cortisol is released, and a person’s fight or flight response ensues 

by flooding the body with glucose and free fatty acids for immediate energy while 

suppressing insulin secretion to inhibit glucose uptake. Exposures to psychosocial stressors 

influence food preference for palatable, processed, "comfort” foods to deal with the 

physiological effects of stress[48]. Chronically, this stress response system can lead to 

weight gain through elevated and unused glucose and fatty acids that are potentially stored 

as fat if there were no increased activity “fight or flight”. Vulnerable populations 

experiencing chronic life stress may make poor dietary choices more frequently, preferring 

highly processed carbohydrates and high fat “comfort foods” that are generally low in 

antioxidants. A population experiencing chronic psychosocial life stress, elevated cortisol, 

elevated inflammatory markers, and oxidized LDL in combination with a diet poor in 
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antioxidant properties, creates a positive feedback loop between life stress, inflammation, 

and oxidative stress that may overwhelm the natural antioxidant and defenses of the system.

There are some limitations in the present study. First, we did not have HDL-cholesterol 

measurements, which have been associated with decreased risk for cardiovascular diseases. 

Second, the cross-sectional design of this study did not allow for examination of trajectories 

of lifetime discrimination and health outcomes. Third, the sample size may have been small, 

and further larger studies are needed to confirm these results. Fourth, the salivary cortisol 

samples were taken in the morning although time from waking was not recorded. The 

strengths of this study include comprehensive validated instruments used to measure 

discrimination, use of salivary and hair cortisol as measurements of acute and chronic stress, 

the inclusion of two races to compare the impact of discrimination, and the inclusion of 

LDL-cholesterol oxidation as a cardiovascular disease risk biomarker.

This study demostrates the continued experience and perception of unfair treatment or 

discrimination among individuals, specifically among women in the greater Birmingham, 

Alabama area. However, institutional discrimination, discrimination by a society and its 

institutions as a whole, continues to be a very prominent matter in our American society 

today, negatively affecting an individual’s day to day life and health status[49]. In 2017, 

researchers conducted one of the largest discrimination polls to date. Among the 3,453 

people polled, groups of different race, gender, and sexual identity reported discrimination 

when trying to rent a house, interacting with police, interviewing for a job, being considered 

for a promotion, going to the doctor or health clinic, and when experiencing slurs[8]. Our 

findings, along with previous discrimination and health disparities research, highlight the 

importance to take active steps in addressing and eliminating this persistent issue of 

discrimination within the American society, its institutions, and abroad. Recently, David R. 

Williams has published scientific evidence pointing to these steps needed to reduce 

inequalities in health, which include 1) creating communities of opportunities, 2) improving 

healthcare to benefit all persons and 3) raising awareness of inequalities by building political 

support [50], and this reiterates our drive for greater discussion among scientific and 

political institutions. Interventions aimed at managing the harmful stress response that 

ensues from recent or lifetime experiences of discrimination may be helpful in improving 

cardiovascular disease risks. Some of these interventions include: anti-inflammatory, anti-

oxidant, and nutrient dense dietary choices; increased daily physical activity; meditation; 

and many others.

In conclusion, our results showed that AA females showed higher levels of discrimination 

and more reasons why they were treated unfairly compared to EA females. Scores of recent 

and lifetime experiences of discrimination were associated with some stress biomarkers. Our 

study shows that experiencing discrimination as a stressful life event correlates with elevated 

salivary and hair cortisol levels, increased inflammation, elevated blood pressure, and 

increased atherogenic potential of LDL-cholesterol. All of these events combined, create a 

perfect storm for development and exacerbation of cardiovascular disease and are a possible 

explanation for these health disparities. These results suggest that increased levels of 

discrimination, whether because of race, gender, age, or other reasons could contribute to 

cardiovascular disease risk and health disparities. Future research is needed to explore the 
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relationship between chronic psychosocial stress, cortisol, inflammatory markers, dietary 

choices, physical activity, obesity, and CVD. Other external factors not discussed here, such 

as diet and exercise may mediate some of the effects of elevated stress hormones and 

inflammatory markers on cardiovascular disease development and warrant further 

investigation.

Informed consent was obtained from all individual participants included in the study. All 

procedures performed in studies involving human participants were in accordance with the 

ethical standards of the institutional and/or national research committee and with the 1964 

Helsinki declaration and its later amendments or comparable ethical standards.
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Graph 1. 
Oxidation of LDL expressed by time in minutes (Lag time) by low and high salivary cortisol

For hair cortisol, high levels were set at ≥0.0040 nmol/g and low levels were set at <0.0040 

nmol/g. For saliva cortisol, high levels were set at ≥0.13 μg/dL and low levels were set at 

<0.13 μg/dL. The sample size for the SC was 31 participants for each race (African 

American and European American).
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Table 1.

Descriptive characteristics in a multiethnic sample of women by race

Variables African
Americans

European
Americans

Percentage (n)

Marital status

  Divorce 16.13% (n= 5) 6.45% (n= 2)

  Never married 61.29% (n=19) 67.74% (n=21)

  Married 22.58% (n= 7) 25.81% (n= 8)

Reported annual income

  <$20,000 27.59% (n= 8) 16.67 (n= 5)

  ≥$20,000 72.41% (n=21) 83.33 (n=25)

Education

  Partial High School 3.23% (n= 1) NA

  High School Graduate 12.90% (n= 4) 6.45% (n= 2)

  Partial College 38.71% (n=12) 32.26% (n=10)

  Standard College Graduate 32.26% (n=10) 25.81% (n= 8)

  Graduate Professional Training 12.90% (n= 4) 35.48% (n=11)

Mean ± SD

Age (years) 29.54±7.84 28.83±7.28

Body composition

  Body Mass Index (BMI) (Kg/m2) 32.74± 7.52* 27.29± 6.92

  Waist Circumference (WC) (cm) 96.75±16.32* 86.41±17.71

  Body fat percentage (BF%) (%) 38.50± 5.85* 33.90± 6.16

Recent Experiences of Discrimination (total score) 11.10±5.68 8.35±6.05

Recent Experiences of Discrimination (by sections)

In the past 12 months…

  Section 1. Treated with less respect (at restaurants, criticized accent or speech, people think not smart, 
people afraid of you, people think dishonest, people think better than you, threatened/harassed.)

6.93±4.25 5.93±4.59

  Section 2. Treated unfairly because… (ancestry or national origin, gender or sex, or skin color, age, way 
you speak English, and other reason) 2.24±1.82* 0.93±1.15

  Section 3. Stress from unfair treatment (not at all stressful, a little stressful, somewhat stressful, or 
extremely stressful.) 1.32±0.86 1.30±0.92

Lifetime Experiences of Discrimination (total score) 9.61±3.96* 6.65±3.48

Lifetime Experiences of Discrimination (by sections)

  Section 1. Unfair treatment by place (school, work, medical care, police and the courts, and other 
situations.)

4.03±2.81 3.06±2.46

  Section 2. Reasons of being treated unfairly (ancestry, gender or sex, race or skin color, age, the way 
speak English, or some other reason.) 3.18±1.86* 1.53±1.30

  Section 3. Stress from unfair treatment (not at all stressful, a little stressful, somewhat stressful, or 
extremely stressful.) 1.73±0.72 1.43±0.94

Total discrimination scores (recent and lifetime) 21.00±8.63* 14.73±9.06

NA, not available. Significant results are based on absolute values. T and chi-squared tests were performed to assess mean differences among 
African Americans (n=31) and European Americans (n=31) females. All differences were significant at
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*
p <0.05.

Recent experiences of discrimination included a total of 15 questions divided into three sections. The first section included eight questions with 
score 0-3 (with a maximum 24), the second section included six questions scores 0-1 (with a maximum of 6), and the third section included one 
question with scores 0-3 (with a maximum of 3).

Lifetime experiences of discrimination included a total of 12 questions divided into three sections. The first section included five questions with 
score 0-3 (with a maximum of 15), the second section included six questions scores 0-1 (with a maximum of 6), and the third section contains one 
question with score 0-3 (with a maximum of 3).
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Table 2.

Cardiovascular, inflammatory, and oxidative cholesterol-LDL lag time markers in a multiethnic sample of 

females by race

Variables African American European American

Mean ± SD

 

Cardiovascular markers

  Systolic Blood Pressure (SBP) (mm Hg) 121.35±11.72* 113.86±13.59

  Diastolic Blood Pressure (DBP) (mm Hg) 69.15±10.75 68.31± 9.10

  Pulse (beats per minute) 78.10±12.44* 70.72±11.02

  Insulin Resistance (IR) (Matsuda Index) 4.16± 2.31 5.33± 3.05

  LDL-Cholesterol (mg/dL) 155.88±37.61 155.27±31.69

 

Inflammatory markers

  High sensitivity C-reactive protein (hsCRP) 7.11±7.64 3.53±4.27

 

Stress hormones

  Salivary cortisol (SC) (μg/dL) 0.21±0.14 0.17±0.10

  Hair Cortisol (HC) (nmol/g) 0.021±0.04* 0.7±10−2

  Serum Cortisol (SeC) (μg/dL) 1.64 ± 1.03 2.74±2.83

 

Oxidative stress

  LDL-Cholesterol lag time (5 μM Cu) 71.85±32.60 96.00±55.96

Sample size for SBP, DBP, pulse, IR, hsCRP, SeC, LDL-cholesterol, and LDL-cholesterol lag time was n=21 and for SC and HC were n=31 for 
each race. Values are means ± SD. All differences were significant at

*
p <0.05. Significant results are based on absolute values. T-test were performed to assess mean differences in SC and HC and Kruskal-Wallis test 

were performed to assess differences in SPB, DBP, pulse, IR, hsCRP, SeC, LDL-cholesterol, and LDL-cholesterol lag time between AA and EA 
women.
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Table 3.

Regression analysis of physiological biomarkers of stress.

Recent Experiences of Discrimination

hsCRP
[F(3,28)=19.91, p<0.001;

R2=0.70]

Pulse
[F(3,32)=10.91, p<0.0001;

R2=0.53]

 

B Coefficient p-value B Coefficient p-value

Race, AA 3.31 0.0030 −2.11 0.5652

Body Mass Index (BMI) 0.49 <0.0001 0.89 0.0006

Recent experiences of discrimination 0.19 0.0190 0.73 0.0099

Lifetime Experiences of Discrimination

Salivary cortisol
[F(3,44)=2.94,

p<0.0441;
R2=0.1773]

Hair cortisol
[F(3,48)=5.36,

p<0.0029;
R2=0.2508]

hsCRP
[F(3,30)=10.91,

p<0.0001;
R2=0.5480]

Diastolic blood
pressure

[F(3,30)=8.22,
p<0.0005;

R2=0.4774]

Pulse
[F(3,31)=16.42,

p<0.0001;
R2=0.6377]

 

B 
Coefficient

p-
value

B 
Coefficient

p-
value

B 
Coefficient

p-value B 
Coefficient

p-value B 
Coefficient

p-value

Race, AA −0.05 0.0219 −0.006 0.0134 2.52 0.1502 4.50 0.0708 2.77 0.3843

Body Mass 
Index (BMI)

−0.001 0.1934 0.0002 0.0902 0.53 <0.0001 0.65 <0.0001 0.18 <0.0001

Lifetime 
experiences of 
discrimination

−0.006 0.0223 −0.001 0.0183 0.50 0.0097 −0.58 0.0352 1.00 0.0069

All models adjusted for body mass index (BMI), and race. Models used European American females as a reference group.
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