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Abstract
Background Over the life course, African American (AA) 
women have faster telomere attrition, a biological indicator 
of accelerated aging, than White women. Race, sex, age, 
and composite socioeconomic status (SES) modify associ-
ations of institutional racial discrimination and telomere 
length. However, interactions with everyday racial discrim-
ination have not been detected in AA women, nor have 
interactions with individual socioeconomic predictors.
Purpose We estimated statistical interaction of institu-
tional and everyday racial discrimination with age, edu-
cation, employment, poverty, and composite SES on 
telomere length among midlife AA women.
Methods Data are from a cross-section of 140 AA 
women aged 30–50 years residing in the San Francisco 
Bay Area. Participants completed questionnaires, 
computer-assisted self-interviews, physical examinations, 
and blood draws. Adjusted linear regression estimated 
bootstrapped racial discrimination–relative telomere 
length associations with interaction terms.

Results Racial discrimination did not interact with age, 
poverty, or composite SES measures to modify asso-
ciations with telomere length. Interactions between 
independent SES variables were nonsignificant for 
everyday discrimination whereas institutional discrim-
ination interacted with educational attainment and 
employment status to modify telomere length. After 
adjusting for covariates, we found that higher institu-
tional discrimination was associated with shorter telo-
meres among employed women with lower education (β 
= −0.020; 95% confidence interval = −0.036, −0.003). 
Among unemployed women with higher education, 
higher institutional discrimination was associated with 
longer telomeres (β = 0.017; 95% confidence interval 
= 0.003, 0.032). Factors related to having a post-high 
school education may be protective against the negative 
effects of  institutional racism on cellular aging for AA 
women.

Keywords:  African Americans ∙ Aging ∙ Educational 
status ∙ Employment ∙ Telomeres ∙ Women’s Health

Introduction

African Americans (AAs) have a higher risk of  aging-
related illnesses in early life, worse disease sequelae in 
late life, and higher mortality than their White coun-
terparts [1]. Compared with Whites, AAs experience 
higher mortality rates across all stages of  the life 
course from numerous leading causes of  death such as 
heart disease, cancer, vascular disease, and diabetes [1]. 
Furthermore, risk factors for development of  chronic 
disease before age 50 are more prevalent in AAs 
including physical inactivity, obesity, and hypertension 
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[1]. Consequently, life expectancy at birth for Whites 
is 3.5 years longer than AAs (78.8 and 75.3, respect-
ively) [2].

Such adverse health outcomes have been partially 
linked to accelerated aging—when physiologic deterior-
ation (i.e., biological aging) at a given chronological age 
is faster than the expected pace of aging [3]. Biological 
aging is commonly measured by telomere length. 
Telomeres are the protective end caps on chromosomes 
made up of a repeating sequence of six nucleotides that 
shorten naturally as humans age. As cells divide, telo-
meres lose nucleotides (30–120 base pairs per cycle) [4]. 
When telomeres run critically short of these protective 
nucleotides, cells enter senescence and no longer divide, 
resulting in a loss of functionality that can ultimately 
lead to cell death and other pathogenic states [5]. This 
is usually when physical signs of aging begin. Indeed, a 
variety of biomarkers indicative of cellular senescence 
have been shown to accumulate in the tissues of aging 
individuals [5].

Studies show that AAs have longer telomeres than 
Whites at birth, but experience a faster rate of  telomere 
attrition over the life course [6, 7]. Telomere attrition 
is associated with cancer, diabetes, inflammatory dis-
eases, cardiovascular disease, and mortality [8]. Shorter 
telomeres and faster attrition are linked to numerous 
socioeconomic and behavioral risk factors (e.g., low 
educational attainment, lack of  physical exercise) and 
psychological stress [9, 10]. In addition, AA women, in 
particular, are disproportionately burdened with over 
twice the levels of  allostatic load—a predictor of  cumu-
lative physiologic dysregulation resulting from chronic 
adaptation to stress—compared with AA men at ages 
55–64 and White women ages 35–64 [11]. By midlife 
(ages 49–55), AA women have shown shorter telomeres 
than White women (i.e., 7.5 biological years older) 
[12] and have faster telomere attrition than White and 
Hispanic women [7]. Hence, racial disparities in telo-
mere shortening, or biological weathering, could result 
in part from exposure to lifetime race- and gender-
related stressors [11, 12].

AA women report racial discrimination as a prom-
inent psychosocial stressor [13, 14], which may explain 
racial disparities in accelerated telomere shortening 
among this group. Chronic stressors can provoke in-
flammation and oxidative stress—an imbalance of  a 
cell’s normal redox state—which contributes to telo-
mere erosion and accelerated aging [15, 16]. Racial dis-
crimination—when members of  a racial/ethnic group 
are treated unfairly based on their race/ethnicity—has 
been linked to oxidative stress, greater epigenetic aging, 
and shorter telomeres among AAs, but the association 
between racial discrimination and telomere length are 

scarce among AA women [17–23]. Further, interactions 
of  various forms of  discrimination with age and sex 
have predicted shorter telomeres. No association with 
day-to-day racial discrimination was detected [20, 21]. 
However, previous data show disparate effects of  dif-
ferent types of  racial discrimination on biological 
dysregulation [3]. Since chronic everyday racial discrim-
ination has been linked to increased cardiovascular risk 
and depression in AA women [24], it is plausible that 
everyday discrimination may contribute to shortening 
of  telomeres in this group.

Research also suggests that educational attainment, 
poverty, and employment status may be important in-
dependent socioeconomic predictors of  telomere length 
among AA women. Various studies show that higher 
educational attainment, particularly post-high school 
(HS), predicts longer telomeres [25, 26], and significant 
interactions with race show additional protective effects 
for AAs [26]. Poverty is a chronic stressor that is con-
sistently associated with shorter telomeres [9]. However, 
the role of  employment status on telomere length is less 
clear, and the variation is likely due to multiple fac-
tors. For example, mixed findings may reflect different 
stressors related to needing and not needing to work. It 
could also reflect differences in how employment status 
is measured. Moreover, studies examining interactions 
with racial discrimination routinely use composite 
socioeconomic status (SES) measures (e.g., education 
and income) [20, 21]. If  independent SES measures in-
fluence telomere attrition in different magnitudes and 
directions, then composite SES measures could con-
flate and mask individual predictors that may help in-
form more targeted interventions. No studies have yet 
examined the interaction of  racial discrimination with 
educational attainment, poverty status, or employment 
status as an independent or composite socioeconomic 
predictors of  telomere length.

To address this gap, we estimated statistical inter-
action of institutional and everyday racial discrimination 
with age, educational attainment, employment status, 
and poverty on telomere length, and then compared a 
composite SES measure among midlife AA women. We 
hypothesized that (a) being older predicts inverse associ-
ations given that telomeres shorten with age, (b) post-HS 
education predicts longer telomeres since higher educa-
tion is generally protective, (c) being employed predicts 
shorter telomeres because AA women report work-
place racial discrimination as a considerable source of 
stress [27], (d) poverty predicts shorter telomeres since 
economic disadvantage is a chronic stressor, and (e) 
composite SES measures estimate weaker associations 
than independent measures by conflating different SES 
associations.
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Materials and Methods

Study Sample

Data are from the African American Women’s Heart 
& Health Study (AAWHHS), a cross-sectional study 
designed to investigate associations between social–
environmental stress and mental and physical health 
among a community sample of  208 AA women aged 
30–50  years. AAWHHS sample recruitment and 
study participation has been described in detail else-
where [27]. In short, to maximize variability across 
key exposures of  interest (e.g., racial discrimination, 
socioeconomic indicators), purposive sampling using 
multiple recruitment strategies was employed to recruit 
women from five San Francisco Bay Area counties in 
2013. Participants completed computer-assisted self-
interviews, interviewer-administered surveys, physical 
examinations, and blood draws. Incentives included 
health-promoting materials and a cash gift card. The 
Committee for the Protection of  Human Subjects at 
the University of  California Berkeley provided study 
approval.

Exposure Variables

Everyday racial discrimination

We used a modified version of the Everyday 
Discrimination Scale asking respondents how often they 
experienced day-to-day unfair treatment based on their 
race, ethnicity, or skin color in 10 everyday life situations 
(e.g., followed around in stores, treated with less respect 
than others; α = .95) [28]. Responses were scored using 
a six-point Likert scale ranging from “never” to “almost 
every day.” Scores were summed across the 10 items to 
create a summary score (10–60) with higher scores rep-
resenting greater experiences of everyday racial discrim-
ination. Everyday racial discrimination was assessed as a 
continuous variable.

Institutional racial discrimination

The Experiences of Discrimination scale asked respond-
ents if  they have ever been unfairly treated, judged, 
limited, hassled, or made to feel inferior based on their 
race, ethnicity, or skin color in eight domains (e.g., by 
police/courts, getting hired; α  =  .92) [29]. Responses 
were measured on a five-point Likert scale ranging from 
“never” to “6 or more times.” A  summary score was 
generated by summing the eight survey items (8–40) 
with higher scores reflecting more institutional experi-
ences. Institutional racial discrimination was evaluated 
continuously.

Outcome Variable

DNA extraction and measurement

Genomic DNA (gDNA) was extracted from buffy coats 
using QiaAmp DNA blood mini kit (Qiagen) according 
to manufacturer recommendations. The concentra-
tion of extracted gDNA was measured by absorbance 
at 260  nm, and the A260/280 was used to determine 
its purity using NanoDrop 2000 Spectrophotometer 
(Thermo Scientific). Only gDNA samples having 260/280 
ratios close to 1.8 were used for quantitative polymerase 
real-time chain reaction (qPCR). All gDNA samples 
were stored at −20°C for long-term storage.

Relative telomere length measurement

qPCR was used to assess relative telomere length (RTL) 
for each participant using previously implemented 
protocols adapted for this study [30–32]. For qPCR as-
says 1x Power and Fast SYBR Green Master Mixes, pri-
mers (sequence available upon request) [31], and 20 ng 
of DNA per reaction well were used. A standard curve 
was created using threefold serial dilutions of standard-
ized reference DNA ranging from 81 to 1  ng [31, 32]. 
Genomic DNAserved as template, and the amount of 
telomere repeats (T) and the hemoglobin gene (S) that 
exists as a single copy across all chromosomes was meas-
ured. Analysis of melting curves was used to verify speci-
ficity of products. The RTL was determined as the ratio 
of telomere repeat to single-gene products (T/S) [30].

Covariates

Theoretical and empirically based covariates expected 
to confound the association between racial discrimin-
ation and telomere length were identified using a dir-
ected acyclic graph (DAG; Supplementary Fig. S1) [6, 
9, 17, 22, 33]. Age, SES, marital status, and perceived 
stress were identified as confounders. Identified medi-
ators (e.g., behaviors) were excluded from the analysis 
to avoid bias (i.e., over-controlling). All covariates 
were coded such that higher values represent higher 
risk. The Perceived Stress Scale asked respondents 
how often they felt various stress-related feelings or 
thoughts over the past month across 10 items (e.g., felt 
nervous or stressed, unable to control important things 
in your life) using a five-point Likert scale ranging from 
“never” to “very often,” and a summary score was gen-
erated (10–50; α = 0.88) [34]. Age and perceived stress 
were assessed continuously, while data restrictions re-
quired dichotomous variables (0/1) for the remaining 
covariates; marital/partnership status (1  =  unmar-
ried/not partnered), educational attainment (1 = ≤HS 
diploma), employment status (1  =  unemployed), and 
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poverty status (1 = ≤100% federal poverty threshold). 
A composite SES variable comprised of  all three SES 
predictors was generated (range 0–3) and assessed 
continuously.

Statistical Analysis

All statistical analyses were conducted using STATA IC 
16 (College Station, TX). Among the 208 respondents, 
blood was collected from 140 women that consented to 
DNA analysis. Bivariate analyses (e.g., χ 2) assessed stat-
istical differences between all variables and differences in 
sample characteristics between DNA consenting groups. 
Confounders were selected a priori using our DAG. 
Adjusted linear regression was used to estimate associ-
ations of racial discrimination and RTL with interaction 
terms using bootstrapped standard errors (1,000 repe-
titions). Nonlinearity of the main associations was as-
sessed using cubic splines and quadratic discrimination 
measures. Wald tests evaluated the presence of inter-
actions. Postestimation analyses assessed the presence of 
outliers and point estimates for interaction coefficients. 
Sensitivity analyses evaluated the influence of adding 
identified mediators to our final models. Only significant 
interactions are interpreted if  present (p < .05).

Results

Sample Characteristics

Sample distributions of participant characteristics and 
RTL are presented in Table  1 and Fig.  1, respectively 
(N = 140). Precisely 75% of participant RTL fell within 
one standard deviation of the mean and were considered 
to be in the “standard” range, 11% were below the 
standard range (i.e., “short”), and 14% were above the 
standard range (i.e., “long”).

Bivariate Analyses

Significant bivariate associations are reported at p < 
.05. There were no differences in RTL by everyday 
and institutional racial discrimination, or covariates 
(Supplementary Table S1). Everyday and institutional 
experiences were highly but not perfectly correlated (r = 
.76), institutional racial discrimination was weakly cor-
related with age (r = .17) and perceived stress (r = .28), 
everyday racial discrimination was weakly correlated 
with marital/partnership status (r = .20) and perceived 
stress (r = .28), and educational attainment and em-
ployment status were moderately correlated (r = .33; 
Supplementary Table S2), and were the only categorical 

covariates that were associated using cross tabulation. 
Apart from racial discrimination, there were no differ-
ences in the distribution of sample characteristics be-
tween DNA consenting groups (Supplementary Table 
S3). We later discuss the potential implications of con-
senting group variation in self-reported discrimination.

Multivariable Linear Regression

Linear trends between the main associations were de-
tected using cubic splines and quadratic discrimination 
terms, hence discrimination measures were evaluated 
continuously. Significant interactions were detected 
in institutional but not everyday racial discrimination 
models (p < .05). Postestimation analyses identified four 
observations as extreme outliers (beyond 3 standard de-
viations of the mean), which were consequently dropped 
from all models. Final analyses were conducted on ob-
servations for which there were complete data, resulting 
in an analytic sample of 134 women.

Table 1. AAWHHS study sample characteristics (N = 140)

n %

Everyday discrimination (EDS)a

(range 10–60), mean (SD) 28.69 (13.14)

Experiences of discrimination (EOD)a

(range 8–40), mean (SD) 18.39 (8.55)

Age

(range 31–51), mean (SD) 41.58 (5.88)

Educational attainment

 >High school diploma 93 66.43

 ≤High school diploma 47 33.57

Employment status

 Employed 74 52.86

 Not employed 66 47.14

Poverty status

 >100% federal household threshold 112 80.00

 ≤100% federal household threshold 28 20.00

Socioeconomic status

(range 0–3), mean (SD) 1.00 (0.93)

Marital/partnership status

 Married/partnered 41 29.29

 Unmarried/not partnered 99 70.71

Perceived stress

(range 10–50), mean (SD) 30.10 (7.27)

Relative telomere length

(range 0.3–2.8), mean (SD) 0.93 (0.36)

AAWHHS African American Women’s Heart & Health Study; 
EDS Everyday Discrimination Scale; EOD Experiences of 
Discrimination; SD standard deviation.
aN = 138.
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Tables 2 and 3 show everyday and institutional racial 
discrimination–interaction estimates, respectively. No 
racial discrimination interactions were found in models 
using the composite SES measures. Everyday racial dis-
crimination did not interact with any independent SES 
measures. Significant interactions were found for institu-
tional racial discrimination with educational attainment 
and employment status whereas age and poverty inter-
actions were nonsignificant. Interaction plots illustrate 
statistical interaction of institutional racial discrimin-
ation with education and employment (Fig. 2). Our sen-
sitivity analyses showed that adding mediators to our 

models did not meaningfully change study estimates or 
statistical precision, lending support for our decision to 
exclude them from the analysis (Supplementary Tables 
S4 and S5).

Given that age and poverty were nonsignificant in 
our final institutional racial discrimination model, 
we applied the change in mean-squared error (MSE) 
approach to assess whether a model without age and 
poverty interactions would improve model fit [35]. The 
change in MSE was negative, therefore excluding both 
nonsignificant interactions decreased the MSE. Put 
another way, removing age and poverty interactions 

Fig. 1. Relative telomere length (RTL) distribution among African American Women’s Heart & Health Study (AAWHHS) participants 
(N = 140). Participant RTL was considered “standard” if  within one standard deviation of the mean, “short” if  below one standard devi-
ation of the mean, “long” if  above one standard deviation of the mean.

Table 2. Linear regression of everyday racial discrimination on relative telomere length in AAWHHS, including interactions (N = 134)

aModel A bModel B (SES)

β LB UB β LB UB

95% CI 95% CI 95% CI 95% CI

EDS × age 0.000 −0.001 0.001 0.000 0.000 0.001

EDS × ≤HS diploma −0.008 −0.018 0.002    

EDS × not employed 0.006 −0.005 0.016    

EDS × poverty 0.000 −0.009 0.008    

EDS × SES    −0.001 −0.005 0.003

EDS −0.001 −0.025 0.024 −0.005 −0.029 0.018

Age 0.004 −0.017 0.024 0.000 −0.019 0.019

≤HS diploma 0.262 −0.050 0.573    

Not employed −0.109 −0.416 0.197    

Poverty 0.165 −0.149 0.479    

SES    0.096 −0.039 0.231

Marital status 0.043 −0.067 0.152 0.055 −0.054 0.164

Perceived stress −0.003 −0.011 0.004 −0.003 −0.010 0.004

Intercept 0.720   0.841   

Note: Estimates correspond to high-risk groups. AAWHHS African American Women’s Heart & Health Study; CI confidence interval; 
EDS Everyday Discrimination Scale; HS high school; LB lower bound; SES socioeconomic status; UB upper bound.
aIntercept: 95% CI = −0.135, 1.58.
b Intercept: 95% CI = 0.017, 1.67.
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Fig. 2. Interaction plots of the adjusted estimates for relative telomere length for institutional racial discrimination (EOD) and age, edu-
cational attainment, employment status, and poverty among African American Women’s Heart & Health study participants (N = 134). 
The 5-level ordinal EOD categories represent increasing lifetime exposure to institutional racial discrimination; never (<9), once (9–16), 
2–3 times (17–24), 4–5 times (25–32), and 6 or more times (33–40). Nonparallel lines provide evidence of statistical interaction.

Table 3. Linear regression of institutional racial discrimination on relative telomere length in AAWHHS, including interactions (N = 134)

aModel A bModel B (SES)

β LB UB β LB UB

95% CI 95% CI 95% CI 95% CI

EOD × age 0.000 −0.001 0.001 0.000 −0.001 0.001

EOD × ≤HS diploma *−0.019 −0.036 −0.003    

EOD × not employed *0.018 0.002 0.035    

EOD × poverty 0.000 −0.014 0.014    

EOD × SES    0.000 −0.007 0.007

EOD 0.005 −0.042 0.052 0.002 −0.043 0.048

Age 0.006 −0.017 0.029 0.004 −0.018 0.027

≤HS diploma *0.383 0.077 0.688    

Not employed −0.286 −0.608 0.036    

Poverty 0.143 −0.186 0.473    

SES    0.061 −0.090 0.212

Marital status 0.047 −0.061 0.154 0.050 −0.059 0.160

Perceived stress −0.004 −0.011 0.003 −0.003 −0.010 0.003

Intercept 0.656   0.687   

Note: Estimates correspond to high-risk groups. AAWHHS African American Women’s Heart & Health Study; CI confidence interval; 
EOD Experiences of Discrimination; HS high school; LB lower bound; SES socioeconomic status; UB upper bound.
aIntercept: 95% CI = −0.315, 1.63.
bIntercept: 95% CI = −0.241, 1.62.

*p < .05.
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increased model precision without introducing bias. 
Hence, our final estimates are reported with education 
and employment interactions only (Supplementary 
Table S6).

Table 4 shows the point estimates for associations of 
institutional racial discrimination and RTL at the re-
maining four levels, adjusted for covariates. We found 
no association between institutional experiences and 
RTL among employed women with higher education 
or among unemployed women with lower education. 
Among employed women with lower education, a one-
unit increase in institutional racial discrimination was as-
sociated with shorter RTL (β = −0.020; 95% confidence 
interval = −0.036, −0.003). Among unemployed women 
with higher education, a one-unit increase in institu-
tional racial discrimination was associated with longer 
RTL (β = 0.017; 95% confidence interval = 0.003, 0.032).

Discussion

Summary of Findings

We found statistical interaction of institutional ra-
cial discrimination with educational attainment and 
employment status associated with cellular aging in a 
community sample of middle-aged AA women. Racial 
discrimination did not interact with age, poverty, or 
composite SES measures to modify associations with 
telomere length. Interactions between independent SES 
variables were nonsignificant for everyday discrimination 
whereas institutional discrimination interacted with edu-
cational attainment and employment status to modify 
telomere length. Among employed women with lower 
education, increased racial discrimination was associ-
ated with shorter telomere length. Among unemployed 
women with higher education, increased discrimination 
was associated with longer telomere length. Overall, our 
findings suggest that factors related to having a post-HS 
education are protective against the negative effects of 

racism on cellular aging for AA women whether they are 
in or out of the workforce.

Interaction With Educational Attainment

Building on prior studies [17–21] and consistent with our 
hypothesis, we found inverse institutional racial discrim-
ination–telomere length associations among employed 
women with less education, a previously unreported 
SES predictor. Using data from the Healthy Aging in 
Neighborhoods of Diversity across the Life Span study, 
Pantesco et  al. and Beatty Moody et  al. found inverse 
associations between institutional racial discrimination 
and telomere length in higher SES women using a com-
posite measure comprised of education and income (i.e., 
poverty) in AAs [21] and in AA and White women [20], 
respectively. Our result more closely aligns with prior 
work among AAWHHS participants where educational 
attainment modified the association of institutional ra-
cial discrimination and allostatic load leaving lower edu-
cated women at higher risk of disease [27]. Together, 
these findings provide additional evidence that having 
a post-HS education in itself  may play a unique role in 
buffering the association between institutional racism 
and worse health for AA women, including accelerated 
aging among working women.

Interaction With Employment Status

Our finding that nonworking women with higher edu-
cation reporting more experiences of  institutional ra-
cial discrimination had longer telomeres was novel 
while aligning with our hypothesis for testing this as-
sociation. Racial discrimination is a prominent psy-
chosocial stressor for AA women [13, 14]. Further, 
workplace discrimination is among the most fre-
quently reported form of  racial discrimination among 
AA women [14, 36], and racial discrimination is linked 
to shorter telomeres [19, 20]. Pervasive racial discrim-
ination in the workplace may be especially deleterious 

Table 4. Associations of institutional racial discrimination with telomere length within strata of education and employment in AAWHHS 
(N = 134)

β LB UB

95% CI 95% CI

High education and employed 0.000 −0.008 0.008

Low education and employed *−0.020 −0.036 −0.004

High education and unemployed *0.017 0.003 0.032

Low education and unemployed −0.002 −0.012 0.008

Note: Estimates are adjusted for covariates. AAWHHS African American Women’s Heart & Health Study; CI confidence interval; LB 
lower bound; UB upper bound.

*p < .05.
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for educated Black women compared with other in-
stitutional domains that it leads to faster telomere at-
trition for those in the workforce. This may explain 
why we found longer telomeres among educated yet 
unemployed women reporting higher institutional ra-
cial discrimination. It is also conceivable that highly 
educated women who are unemployed may have less 
exposure to social and economic stressors in gen-
eral and have better access to resources to cope with 
the stressors to which they are exposed. Indeed, un-
employed women in our sample were more likely to be 
married/partnered than employed women (76% and 
63%, respectively), and therefore may have greater fi-
nancial resources and social support. Our result sug-
gests that educated AA women in the workforce may 
have an additional burden of  telomere shortening re-
lated to institutional racism, though the mechanism is 
unclear.

Interaction With Poverty

To our knowledge, we are the first to evaluate whether 
poverty modifies associations of racial discrimination 
and telomere length. Our nonsignificant findings were 
surprising, given that poverty, a strong predictor of 
shorter telomeres [9], has been shown to interact with 
race/ethnicity to influence telomere length among Black, 
White, and Mexican adults in Detroit, after controlling 
for socioeconomic, psychosocial, coping, and behavioral 
factors [33]. We identified psychosocial, coping, and be-
havioral factors as mediators. However, this does not ex-
plain our differing finding: including mediators did not 
change our estimates. It is more conceivable that our 
nonsignificant result is due to our sample being restricted 
to midlife AA women in the Bay Area, suggesting that 
poverty may interact with racism differentially across ra-
cial/ethnic and gender groups, and by region to impact 
telomere length.

Interaction With SES

Consistent with our hypothesis, the composite SES 
measure did not modify any associations between racial 
discrimination and telomere length despite strong inter-
actions of racial discrimination with independent SES 
measures. As previously described [20, 21], prior studies 
have shown that SES modifies the association of institu-
tional racial discrimination and telomere length however 
these SES measures were comprised of two indicators: 
education and poverty. Our conflicting results may be ex-
plicated by our use of SES comprised of three indicators; 
education, poverty, and employment, since employment 
and education had different associations. In the current 
study, educational attainment was protective for working 

and nonworking women, which was masked when com-
bined in our composite measure. Future studies should 
minimize the use of SES composite measures when 
examining the effects of racism on cellular aging and 
focus on specific socioeconomic factors associated with 
extending the life expectancy of AA women.

Interaction With Age

Contrary to our hypothesis, we found no age inter-
action with racial discrimination. This finding is con-
sistent with other work reporting no significant age 
interaction between everyday racial discrimination and 
other forms of discrimination (e.g., major lifetime ex-
periences) associated with telomere length [37, 38]. 
However, one investigation reported that higher insti-
tutional racial discrimination predicted shorter telo-
meres in younger White males and longer telomeres in 
older White men [21]. Given our nonsignificant findings 
among AA women, telomere attrition associated with 
everyday and institutional racism-related stress may be 
considerable for AA women by midlife, conceivably re-
sulting in middle-aged groups having more similar telo-
mere lengths. To assess this assumption in our sample, 
we estimated unadjusted and adjusted models including 
quadratic and cubic age-transformed variables to assess 
potential variation in associations, and the findings re-
mained nonsignificant, offering some empirical support 
for this notion (Supplementary Fig. S2).

Institutional Versus Everyday Racial Discrimination

Unlike institutional racial discrimination, no 
socioeconomic indicators modified the association be-
tween everyday racial discrimination and telomere 
length, which was also unexpected yet similar to prior 
findings among AA women [20, 21]. Since AA women 
report racial discrimination as a particularly salient 
chronic stressor across SES groups [13, 14], everyday 
experiences, as connoted by the name, may be more 
commonplace than institutional experiences over the 
life course. Stressors that are commonplace can become 
more predictable and hence less stressful [39]. Similarly, 
cumulative exposure to daily racism for AA women 
over time can plausibly become more predictable, less 
stressful, and less impactful on telomeres independent of 
socioeconomic position. In other words, everyday racism 
that occurs in public (e.g., poorer service in restaurants, 
being followed around in stores) may be less differential 
between high and low SES AA women by midlife. This 
may explain, in part, why the link between experiences of 
everyday racial discrimination and telomere length was 
not modified by educational attainment, employment, or 
poverty status among women in our sample.
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Potential Pathways and Recommendations

Our work adds to a growing body of  evidence 
demonstrating important biopsychosocial modifiers 
and mediators along the physiologic stress regula-
tion pathway that may buffer the negative impacts 
some forms of  racism appear to have on telomeres. 
For instance, Chae et  al. found that institutional ra-
cial discrimination interacts with having an anti-Black 
bias [18] and with depression [17] to predict shorter 
telomeres among AA men, implying potential cogni-
tive and affective pathways. Furthermore, Lu et  al. 
reported that AA women who did not discuss their 
experiences of  everyday racial discrimination had 
shorter telomeres, suggesting coping strategies may be 
important [19]. We too reported that actively coping 
with chronic racism modified the association between 
everyday racial discrimination and hypertension risk 
among AAWHHS participants [40]. Finally, Alexeeff  
et  al. found that individual and neighborhood SES 
were associated with shorter telomeres, albeit among 
Whites, proposing socio-environmental mechan-
isms [41]. Our findings suggest that factors related to 
higher education could reflect better access to health-
promoting resources to cope with institutional racism-
related stress for working and nonworking AA women, 
though the mechanism is not well understood. Thus, 
multiple biopsychosocial mechanisms may minimize 
racism-related telomere shortening across various ra-
cial/gender groups, meriting further study in nation-
ally representative samples of  AA women.

Given the totality of the current evidence, we offer 
two recommendations for future investigations to better 
understand how higher education and being unemployed 
“get under the skin” to protect AA women against racism-
related biological deterioration: Researchers should (a) 
examine SES variables as independent (vs. composite) 
predictors of telomere length, especially post-HS educa-
tion, to avoid masking the unique effect that each may 
have in relation to experiences of racial discrimination, 
and (b) evaluate the effect of psychosocial mediators 
on the biological stress regulation pathway (e.g., coping 
strategies) related to experiencing racist events to eluci-
date whether and to what extent various forms of racism 
contribute to cellular aging for AAs, particularly women.

Limitation and Strengths

Due to the cross-sectional study design, causal inference 
is precluded. We used purposive sampling hence study 
findings are not generalizable. However, according to the 
2013 American Community Survey [42] the distribution 
of the educational attainment and employment status 
of middle-aged AA women residing in the same San 

Francisco Bay Area counties were comparable to our 
sample. Importantly, average racial discrimination scores 
were slightly yet significantly higher among women who 
did not (vs. did) give consent for DNA analysis: everyday 
(32.7 vs. 28.7) and institutional racial discrimination 
(21.5 vs. 18.4), which could bias study estimates. For 
selection bias to occur, both racial discrimination and 
telomere length must be a cause of consent, and telo-
mere length as a cause is implausible. Nevertheless, if  an 
unmeasured confounder contributed to both telomere 
length and consent, specifically health status or worry 
of irresponsible handling of one’s DNA, selection bias 
could occur. Since all women consented to physical 
exams and blood draws, it is unlikely that health status 
impacted consent. If  worry impacted consent, we likely 
accounted for it, at least in part, by adjusting for per-
ceived stress. Additionally, while poor recall is a limita-
tion for any observational design using self-report, our 
utilization of two commonly used validated discrimin-
ation scales strengthened internal validity and allowed 
for comparability across studies. Internal validity was 
further strengthened by our theory-based approach to 
address confounding, though unmeasured confounding 
certainly exists. Last, potential misclassification of the 
outcome was considerably reduced by using the ratio of 
telomere repeat to hemoglobin gene products because 
the hemoglobin gene is conserved as a single copy in all 
persons [30].

Conclusion

Racial discrimination contributes to accelerated aging in 
AA women. The current study provides novel evidence 
that post-HS education may offer protection against the 
adverse effects that institutional racism has on cellular 
aging for AA women whether they are in or out of the 
workforce, though the mechanism is unclear. Mediation 
analyses using longitudinal data from a nationally repre-
sentative sample would help elucidate important psycho-
social and socioeconomic factors that connect racism to 
telomere length among healthy AA women.

Supplementary Material

Supplementary material is available at Annals of Behavioral 
Medicine online.
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