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Abstract

Background African American (AA) women navigate the world with multiple intersecting marginalized identities.
Accordingly, AA women have higher cumulative stress burden or allostatic load (AL) compared to other women.
Studies suggest that AA women with a college degree or higher have lower AL than AA women with less than a high
school diploma. We examined the joint effect of educational attainment and AL status with long-term risk of cancer
mortality, and whether education moderated the association between AL and cancer mortality.

Methods We performed a retrospective analysis among 4,677 AA women within the National Health and Nutrition
Examination Survey (NHANES) from 1988 to 2010 with follow-up data through December 31, 2019. We fit weighted
Cox proportional hazards models to estimate adjusted hazard ratios (@HRs) of cancer death between educational
attainment/AL (adjusted for age, income, and smoking status).

Results AA women with less than a high school diploma living with high AL had nearly a 3-fold increased risk
(unadjusted HR: 2.98; 95%C Cl: 1.24-7.15) of cancer death compared to AA college graduates living with low AL.
However, after adjusting for age, this effect attenuated (age-adjusted HR: 1.11; 95% Cl: 0.45-2.74). AA women with
high AL had 2.3-fold increased risk of cancer death (fully adjusted HR: 2.26; 95% Cl: 1.10-4.57) when compared to AA
with low AL, specifically among women with high school diploma or equivalent and without history of cancer.

Conclusions Our findings suggest that high allostatic load is associated with a higher risk of cancer mortality among
AA women with lower educational attainment, while no such association was observed among AA women with
higher educational attainment. Thus, educational attainment plays a modifying role in the relationship between
allostatic load and the risk of cancer death for AA women. Higher education can bring several benefits, including
improved access to medical care and enhanced medical literacy, which in turn may help mitigate the adverse impact
of AL and the heightened risk of cancer mortality among AA women.

Keywords Cancer, life-course, Cumulative stress, Psychosocial stress, Race, Disparities, Allostatic load

*Correspondence:
Justin Xavier Moore
jx.moore@uky.edu

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12905-023-02529-3&domain=pdf&date_stamp=2023-8-24

Li et al. BMC Women's Health (2023) 23:448

Introduction

Chronic stress has been linked to worse health out-
comes for various diseases, from atherosclerosis and
hypertension to depression to hypertension [1, 2]. The
body undergoes physiologic changes to compensate for
chronic stress. There is an increased production of cor-
ticosteroids and catecholamines, an increased inflamma-
tory response, increased levels of oxidative stress, and
DNA damage [3, 4]. Dai et al. suggest that this cumulative
effect and physiologic changes promote tumorigenesis
and cancer development by suppressing immunity and
enhancing inflammation [3].

Allostatic load (AL) measures the cumulative burden
of chronic stress on physiological systems. Chronic stress
can result from major life events, but more importantly,
is the summative effect of ordinary, everyday stressors
such as poor sleep, a lack of exercise, and a lack of access
to healthy food [5]. A cross-sectional study by Allen et
al. found that racial discrimination may be an impor-
tant predictor of cumulative physiologic dysregulation.
[6] Experiences of racial discrimination as a stressor have
been correlated with worse physical and mental health
outcomes [7-9]. The “weathering” hypothesis by Geroni-
mus et al. suggested that systemic stress from cumulative
socioeconomic disadvantage and political marginaliza-
tion contribute greatly to the early and disproportionate
health deterioration of African Americans (AA) [10].

Multiple studies have illuminated that AA men and
women consistently have the highest allostatic load
scores, compared to those of the same age in other racial
groups [10-12]. AA women navigate this world with
multiple, intersectional marginalized identities, meaning
they are subject to multiple forms of layered discrimina-
tion by race, sex, class, and other social group categories.
AA women consistently have higher allostatic load com-
pared to their AA male and White female counterparts
[6, 13]. A longitudinal study by Upchurch et al., observed
that AA women reported higher levels of discrimination,
perceived stress, and hostility, all of which will increase
allostatic load [14]. In a cross-sectional study, Moore et
al. found that AA women had the highest age-adjusted
mean allostatic load scores at the end of 30 years com-
pared to others in their same age group [15]. Consider-
ing that chronic stress and thus allostatic load has been
associated with biological changes that promote tumori-
genesis, it is worthwhile to understand the correlations
between allostatic load in AA women and cancer mortal-
ity [3, 16, 17].

Furthermore, Williams et al. found that AA women
with lower educational attainment had a higher allostatic
load [18]. Therefore, considering educational attainment’s
impact on allostatic load is important in understanding
the specific effects of chronic stress on health outcomes.
AL and chronic stress are directly associated with worse
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health outcomes in multiple disease states, particularly
cancer [3, 16, 17]. The present study explored the joint
effect of educational attainment levels and allostatic load
on the association with long-term risk of cancer mortal-
ity, and the moderating role of educational attainment
on the association between allostatic load and cancer
mortality.

Methods

Study design and participants

We performed a retrospective cohort analysis using
data from the National Health and Nutrition Examina-
tion Survey (NHANES), a representative sample of non-
institutionalized US residents linked with the National
Center for Health Statistics (NCHS) 2019 National Death
Index (NDI) file. The NHANES program oversamples
those aged 60 and older, Latinx and non-Hispanic (NH)-
Black (henceforth, African American or AA) individuals,
and weighted analysis generates generalizable estimates
[19]. The weighted sample of NHANES is comparative
to non-institutionalized United States (U.S.) popula-
tion [20]. Using NHANES survey data from years 1988
through 2010 linked with NDI data (follow-up data
through December 31, 2019) we examined the associa-
tion between the intersectionality of educational attain-
ment and allostatic load with risk of cancer mortality.
The NHANES survey includes information on sociode-
mographics, clinical measurements, and health-related
questionnaires. NHANES participants with data on
biomarkers were used in this analysis. We performed
analysis among NHANES participants with data on bio-
markers and within a fasting subsample (N=95,359).
Patients were excluded if they reported current preg-
nancy or were less than 18 years of age (N=42,791),
were missing AL biomarkers or not linked via NDI
(N=11,360). This resulted in a final analytic sample of
NHANES participants aged 18 and older, correspond-
ing to a total of 41,218 participants over a 22- year study
period, of which 4,677 identified as AA women (Fig. 1).
We completed analyses using domain statements to
account for appropriate estimations of covariance-vari-
ance structures using specific strata, cluster, and weight-
ing procedures as specified by NHANES methodology.
We created a race/ethnicity-sex specific variable based
on the intersectionality of race/ethnicity with sex speci-
fied at survey, and thus we had an eight level variable
containing: [1] AA men, [2] AA women, [3] NH-White
men, [4] NH-White women, [5] Hispanic men, [6] His-
panic women, [7] Other/mixed race men, and [8] Other/
mixed race women. We also note that NHANES did not
collect granular gender identity terms, and thus we are
unable to elucidate whether men/women were cis- or
trans- identifying adults. Mortality status or vital status
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Fig. 1 Flowchart of exclusion criteria and final study population of NHANES participants

for participants was determined through NHANES-NDI
linked file.

Ethical statement

The Institutional Review Boards considered this study
exempt from review because of the use of secondary,
publicly available, and de-identified data.

Educational attainment, effect modifier

This study mirrored methods of our investigative team’s
prior work, Williams et al. (2022), to determine our vari-
ables of interest [18]. We examined educational attain-
ment as an effect modifier on the relationship between

which was determined from the NHANES question
“What is the highest grade or level of school you com-
pleted or highest degree received?”. We then categorized
educational attainment into a four-level variable based on
participants’ that completed [1] less than an high school
(HS) education; [2] high school graduate, general educa-
tion development test (GED), or equivalent; [3] some col-
lege; and [4] college graduate or above [18]. Due to the
NHANES data collection, we could not differentiate by
specific degree types (e.g., MD, PhD, MSN). Educational
attainment was treated as an effect modifier within our
education stratified results examining the association
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between allostatic load and long-term risk of cancer
death.

Allostatic load, primary independent variable

AL has been defined using varying components, although
most incorporate biomarker measures from three differ-
ent categories, including physiologic functioning, which
incorporates cardiovascular, metabolic, and immune
systems [21]. While there is no consensus definition, we
decided to define AL using the Geronimus et al. (2006)
and Moore et al. (2021) taxonomies [10, 15]. AL compo-
nents included body mass index (BMI), diastolic blood
pressure (DBP), glycohemoglobin (hemoglobin Alc),
systolic blood pressure (SBP), total cholesterol, serum
triglycerides, serum albumin, serum creatinine, and
C-reactive protein (CRP). We considered sex as a bio-
logical variable according to National Institutes of Health
guidelines regarding human subjects research [22, 23].
To determine the high-risk thresholds for each AL com-
ponent, we examined the sex reported at survey-specific
distributions of each component among the entire study
sample with complete biomarker data. High-risk thresh-
olds were determined by either being above the 75th
percentile for BMI, CRP, DBP, glycated hemoglobin, SBP,
total cholesterol, serum triglycerides, and serum creati-
nine [24, 25] or below the 25th percentile for serum albu-
min. Therefore, each NHANES participant was scored as
either 1 (high-risk) or 0 (low-risk) based on sex at base-
line survey-specific cutoffs for each component. Total AL
score was calculated by summing the individual compo-
nents, ranging from 0 to 9. Participants were further cat-
egorized with AL scores greater or equal to 3 as having
high AL [21, 26].

Joint effect of allostatic load and educational attainment
After categorizing NHANES participants based on the
distribution of AL components and their self-reported
educational attainment, we created a variable examin-
ing the intersection of AL and educational attainment.
This variable was categorized into eight levels; [1] college
graduate or more living with low AL (n=256), [2] col-
lege graduate or more living with high AL (n=258), [3]
some college with low AL (n=524), [4] some college with
high AL (n=598), [5] HS diploma or equivalent with low
AL (n=662), [6] HS diploma or equivalent with high AL
(n=849), [7] less than HS with low AL (n=473), and [8]
less than HS with high AL (n=1,044).

Primary outcome of interest, cancer death

Our primary outcome of interest was the time to cancer
death. Deaths attributed to malignant neoplasms (ICD-
10 019-043) were included as cancer-related deaths. Our
primary outcome of interest was time to cancer-related
death. Follow-up data for this analysis was available

Page 4 of 10

through December 31, 2019, based on NDI-NHANES
publicly available linkages. The primary determination
of mortality for eligible NHANES participants is based
upon matching survey records to the NDI although addi-
tional redundant sources are also incorporated, includ-
ing the Social Security Administration, the Centers for
Medicare and Medicaid Services, data collection, NCHS’
follow- up surveys (e.g., NHEFS), and ascertainment of
death certificates.

Other variables of interest

We included other variables as covariates based on their
consideration as potential confounders, or their pos-
sible effect on education, cumulative stress, and can-
cer outcomes based on prior studies. These variables
included NHANES baseline survey completion period
(e.g., 1988-1991 through 2009-2010), family poverty-
to-income ratio (PIR), current smoking status, any self-
reported history of cancer, congestive heart failure, and
ever heart attack. PIR was calculated as the ratio of total
family income to poverty threshold values by NHANES
investigators [18]. Participants that reported no income
were given a zero value for PIR [18]. PIR values greater
than 1 are above the poverty level, and values near 5 are
considered very high income, while PIR values less than
1 are considered below the official poverty line [18]. Par-
ticipants who had smoked at least 100 cigarettes in their
lifetime and who were currently smoking during sur-
vey administration were categorized as current smokers
[18]. We determined self-reported diagnoses by doctor
for cancer, congestive heart failure, or heart attack from
NHANES questionnaires on whether “...a doctor or other
health professional ever told you that you had ... (cancer,
angina, congestive heart failure (CHF), or heart attack”
[18].

Statistical analysis

Primary analyses were conducted using NHANES-gen-
erated sampling statistical strata, clusters, and weights as
designated and described in detail within the NHANES
methodology handbook [27]. NHANES only measures
biomarkers among a random sample of participants each
survey period, and in turn creates subsample weights
to account for the probability of being selected into the
subsample component and additional non-response bias.
We combined NHANES weighting variable account-
ing for the 18-years of cross-sectional data (1988-1994
and 1999-2010). The mobile examination center (MEC)
included physical measurements such as blood pres-
sure, a dental examination, and the collection of blood
and urine specimens for laboratory testing. Following
analytic guidelines by the National Center for Health
Statistics (NCHS) [20, 28, 29], we utilized the NHANES
MEC sample weights for NHANES III (years 1988—1994)
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and NHANES 1999-2010 and constructed an adjusted
weight by modifying the weights to have a common
denominator of 18; that is, [1] the six-year weight for
1988-1994 was multiplied by 1/3, [2] the four-year
weight for 1999-2002 was multiplied by 1/4.5, and [3] the
two-year cycle weights for each subsequent NHANES
survey years 2003—2010 were multiplied by 1/9. There are
three methodological assumptions to note when com-
bining these years of data: [1] there are no differences in
the estimates over the time periods being combined; [2]
regarding the interpretation, the estimates are the aver-
age over the period; and [3] NHANES III (1988-1994)
recruited US non-institutionalized population aged 2
months and older, while continuous (1999 and later) has
recruited all ages.

For descriptive statistics we presented categorical
variables as weighted row percentages and continuous
variables as mean and associated 95% confidence inter-
vals using appropriate SAS survey weighted procedures
including PROC SURVEYFREQ, SURVEYMEANS, and
SURVEYREG accordingly [30]. Mean survival times were
estimated using the product-limit method of the Kaplan-
Meier survival estimator. Proportionality assumption was
assessed for our primary variable of interest (education
attainment by allostatic load status) by examining the
proportion of 1000 simulations that contain a maximum
cumulative martingale residual larger than the observed
maximum cumulative residuals using the SAS procedure
‘supremum test. None of our exposure levels had p val-
ues that were statistically significant (p value<0.05), and
therefore none of our residuals were larger than expected
and we did not reject proportional hazards assump-
tions. Relative rates of cancer death by groups of educa-
tional attainment/allostatic load were estimated by fitting
survey-weighted Cox proportional hazards models with
time-to-cancer death as the endpoint'®, Individuals were
censored at the time of their event, death, or end of fol-
low-up (December 31, 2019). Models were sequentially
adjusted first for age, then with age, poverty to income
ratio, and smoking status.

Multiplicative interactions of AL and educational
attainment were examined by introducing an interaction
term within our model and presenting the corresponding
p-value for this association. P-values<0.05 were consid-
ered statistically significant. Additionally, we conducted
all the time-to-cancer death event survival analyses by
allostatic load status (high versus low allostatic load),
stratified by educational attainment. Estimates were
presented from our survey-weighted Cox proportional
hazard models as hazard ratios (HRs) and associated
95% confidence intervals (CIs). We conducted two sets
of sensitivity analyses. We repeated all survival analy-
ses using un-weighted Cox proportional hazard mod-
els and thus treating NHANES participants as a simple
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random sample. In addition, we examined the relation-
ships between the joint effect of education with allostatic
load on cancer death risk, and the moderated effect of
education on the relationship between allostatic load and
cancer death risk while excluding NHANES participants
with a history of cancer. All statistical analyses were per-
formed using SAS (version 9.4, SAS Institute, Inc., Cary,
North Carolina, USA).

Results

Among 4,677 (an estimated 9,381,049) AA women, the
average age of participants was 42.71 years (Standard
Error (SE)=0.33) and the median follow-up time was
15.90 years (Q1-Q3=11.48-21.88) (Table 1). AA women
with less than high school education attainment liv-
ing with high allostatic load were on average older (55.5
years, SE=0.7) than all other groups, while those with
high school diploma or equivalent education attain-
ment living with low allostatic load were on average
younger (32.8 years, SE=—0.6) than all other groups (p
value<0.01). Participants with college graduate or more
educational attainment living with high allostatic load
(mean PIR=3.6, SE=0.1) and living with low allostatic
load (mean PIR=3.5, SE=0.1) had much higher income
than all other groups (p value<0.01). The group of par-
ticipants with highest rate of current smoker status were
those with less than high school educational attainment
and living with high allostatic load (n =267, 28.2%). Gen-
erally, participants living with high allostatic load (4.9%,
5.0%, 5.1%, 5.3%) were more likely to have a history of
cancer compared to those living with low allostatic load
(1.9%, 2.8%, 2.6%, 2.5%), among those with less than high
school, high school or equivalent, some college, and col-
lege graduates or more, respectively (p value<0.01). Par-
ticipants with less than high school attainment and high
allostatic load had the highest prevalence of congestive
heart failure (6.2%) and history of heart attack (5.1%).

Joint effect of educational attainment with allostatic load
AA women with an educational attainment of less than
high school living with high allostatic load had nearly a
3-fold increased risk (unadjusted HR: 2.98; 95% CI: 1.24—
7.15) of dying from cancer compared to college graduates
living with low allostatic load (Table 2). However, after
adjusting for age, we observed that this association atten-
uated (age-adjusted HR: 1.11; 95% CI: 0.45-2.74). We
observed no other statistically significant associations
between educational attainment groups and allostatic
load status with risk of cancer death.

Moderating effect of educational attainment on AL and
cancer death risk

However, when stratified by educational attainment, we
observed that participants with less than a high school
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Table 1 Socio-demographic characteristics, personal health, and medical conditions by allostatic load and educational attainment,
National Health Examination Survey (NHANES) study period. Among 4,677 NHANES survey participants (an estimated 9,381,049 non-
institutionalized African American women) years 1988 through 2010 and follow up through December 31,2019

Living with High Allostatic Load?

Living with Low Allostatic Load

< High High Schoolor Some College < High High Schoolor Some College
School Equivalent College Graduate School Equivalent College Gradu-
or more ate or
more
Unweighted sample size® 1044 849 598 258 473 662 524 256
Weighted sample size® 1,689,042 1,526,515 1360399 561,849 941,705 1,242,292 1,364,856 690,186
Presented as n with (%) or Mean with (SE)¢
Allostatic load total score® 45(004)  42(0.05) 42(006)  44(009 1.1(005 1.2(0.03) 11004 12
(0.05)
Mean age in years 55.5(0.7) 45.7 (0.6) 45.3(0.8) 477 (1.0 36.1(0.7) 328(06) 35.0(0.6) 37.8
0.7)
Age Group
18-29 81(7.1) 154 (16.7) 95 (16.6) 27(114)  226(40.3) 377(47.9) 217 (40.1) 58
(24.0)
30-39 118(12.8)  170(20.1) 115(02)  47(17.5) 99(268) 148(26.8) 138(287) 90
(354)
40-49 149 (18.0) 192 (24.7) 143 (27.2) 58(26.1) 52(144) 72144 99 (19.9) 64
(25.8)
50-59 167 (18.5) 120 (17.0) 91(183) 56 (26.1)  34(93) 32(6.5) 31(6.5) 28
(11.4)
60-69 253 (20.2) 137 (134) 106 (12.1) 42 (109 . 19 (24) 13(2.7)
70+ 276 (23.6) 76 (8.1) 48 (5.7) 28(8.1) 36 (5.6) 14(2.1) 17(2.3) 3(0.7)
Time Period®
1988-1991 245 (21.0) 182 (21.6) 82(9.9) 40 (4.3) 82 (8.4) 146 (17.2) 88 (12.1) 32 (4.8)
1991-1994 342 (24.8) 347 (27.6) 143 (11.1) 72 (64) 77 (5.2) 171(13.3) 90 (7.8) 42 (3.6)
1999-2000 79(185) 39(104) 34(11.2) 13 (3.5 68 (16.7) 47129 48 (17.0) 26 (8.9)
2001-2002 63(13.9) 46 (12.4) 53(15.7) 21(5.9) 67 (1600 57(13.2) 49 (15.5) 21(7.3)
2003-2004 69 (17.0) 51(12.8) 51(15.3) 25(6.9) 47 (106)  68(129) 53(16.6) 22(7.7)
2005-2006 74 (15.0) 59 (12.0) 70(17.5) 28(7.2) 49 (9.0) 60 (9.3) 74(21.1) 34(8.8)
2007-2008 94 (15.5) 69(12.9) 75(154) 33(7.5) 45(9.5) 51(10.7) 63 (154) 52
(13.0)
2009-2010 68 (14.0) 56 (124) 90 (20.5) 26 (6.1) 38(9.5) 62 (15.0) 59(15.4) 27(7.1)
Mean Family PIR 1.5(0.05) 1.9 (0.06) 24(0.08) 36(0.1) 14(0.07) 1.7(0.006) 23(0.098) 35(0.1)
Current smoker status 267 (28.2) 215 (26.8) 113(174) 35(13.1) 136 (34.6) 145(254) 112 (20.7) 19 (6.4))
Any cancer historyf 53(4.9) 38(5.0) 35(5.1) 14 (5.3) 8(1.9) 14 (2.8) 12(2.6) 6 (2.5)
CHF 64 (6.2) 25(29) 20(3.2) 5(1.9) 9(1.7) 3(03) 3(0.6) 1(0.2)
Ever Heart attack 54 (5.1) 27 (2.8) 22 (34) 5(1.8) 8(1.7) 3(0.3) 5(0.9) 1(0.5)

? High Allostatic load is defined as total Allostatic load score greater than or equal to 3 (presented as column percentages and standard errors).

b Unweighted sample size.

¢ Estimated using sampling weights from National Health and Nutrition Examination Survey (NHANES).

d Presented as unweighted column sample size (weighted percentage) or mean (standard error) for continuous variables.

€ Presented as unweighted row sample size (weighted percentage)

fDefined as self-reported response to ever being diagnosed by a doctor or health professional of any cancer or malignancy.

degree with high allostatic load had an approximately
3-fold increase in risk of cancer death when compared to
those with low allostatic load (unadjusted HR: 3.28; 95%
CI: 1.88-5.73). Similarly, among those with a high school
diploma or equivalent, there was over a 3.5-fold increase
in risk of cancer death in those with high allostatic load
compared to those with a low allostatic load (unadjusted
HR: 3.61; 95% CI: 1.92-6.76). However, when adjusted for
age, the risk of cancer death was attenuated for both the

less than high school degree and high school diploma or
equivalent groups (<HS age-adjusted HR: 1.41; CI 0.74—
2.70; HS diploma or equivalent age-adjusted HR: 1.76,
CI: 0.94-3.35). Lastly, among participants with college
graduate degree or more, those with high allostatic load
had a nearly 2-fold increase in cancer death compared to
those with low allostatic load (unadjusted HR: 1.94; 95%
CI: 1.39-2.71). This effect, too, was similarly attenuated
when adjusted for age (age-adjusted HR: 0.82; 95% CI:
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Table 2 Survey weighted Cox proportional hazard models presented as Hazard Ratios (HR) and 95% Confidence Intervals (Cl) for the
association between educational attainment/allostatic load and risk of cancer death, among 4,677 (weighted N=9,381,049) NHANES

African American women with 241 (weighted n=394,768) cancer-related deaths

No. & Mean Hazard Ratio (HR) and 95% Confidence Interval (Cl)

(Weighted %)  Survival

Cancer Months (SE)

Deaths
Educational Attainment and Allostatic Load Status Unadjusted Age Adjusted FuIIy Adjusted
College graduate or more with low allostatic load 6(2.7) 308.6 (1.9) 1.00 (Referent) 1.00 (Referent) 00 (Referent)
College graduate or more with high allostatic load 12 (4.4) 275.5(2.0) 1.62 (0.49-5.30) 092 (0.28-3.02) 0.79 (0.24-261)
Some college with low allostatic load 17 (2.8) 2462 (1.2) 1.02 (0.32-3.26) 1.19(0.37-3.83) 00 (0.30-3.26)
Some college with high allostatic load 28 (34) 235.8(1.2) 1.32 (048~ 366) 0.85(0.30-2.41) 0.70 (0.24— 201)
HS diploma or equiv. with low allostatic load 12(1.7) 260.7 (0.7) 0.55(0.21-1.45) 0.68 (0.26-1.76)  0.53 (0.21-1.35)
HS diploma or equiv. with high allostatic load 55(6.1) 251.8(1.3) 97 (0.75-5.17) 1.25(049-3.18) 0.98 (0.38— 249)
<HS with low allostatic load 15(2.5) 290.7 (1.7) 0.90 (0.33-2.44) 0.87(0.32-241) 0.63(0.22-1.75)
<HS with high allostatic load 96 (7.5) 2948 (2.1) 2.98(1.24-7.15) 1(0.45-2.74) 0.82(0.33-2. 04)
Educational Attainment Stratified Results
Among participants with <HS
Low allostatic load 15(2.5) 290.7 (1.7) 1.00 (Referent) 1.00 (Referent) 00 (Referent)
High allostatic load 96 (7.5) 294.8 (2.1) 3.28(1.88-5.73) 141 (0.74-2.7) 1.39 (0.73-2.66)
Among participants with HS Diploma or Equiv.
Low allostatic load 12(1.7) 260.7 (0.7) 1.00 (Referent) 1.00 (Referent) 00 (Referent)
High allostatic load 55(6.1) 251.8(1.3) 3.61(1.92-6.76) 1.76 (0.94-3.35) 1.76(0.93-3.33)
Among participants with Some College
Low allostatic load 17 (2.8) 2462 (1.2) 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
High allostatic load 28 (34) 235.8(1.2) 1.30 (0.60-2.84) 0.66(0.27-1.62) 066 (0.27-1.62)
Among participants with College Graduate or More
Low allostatic load 6(2.7) 308.6(1.9) 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
High allostatic load 12 (44) 2755 (2.0) 1.94 (1.39-2.71) 0.82(0.25-2.72)  0.75(0.21-2.65)
p-value for interaction between education and allostatic load <001 <0.01 <001

Percentages are weighted. Cox proportional hazard models are estimated using NHANES survey weighting.

Mean survival months are unweighted.

Fully adjusted is for age, family poverty to income ratio, and current smoker status.

0.25-2.72). No other statistically significant associations
between educational attainment groups and allostatic
load status with risk of cancer death were found when
stratified by educational attainment.

Sensitivity analyses

We conducted sensitivity analysis treating NHANES
participants as simple random sample in an unweighted
analysis to examine the joint effect (educational attain-
ment with allostatic load) and moderated effects of edu-
cational attainment on the relationship between high
allostatic load and risk of cancer death. We observed
similar effect measures as main analysis; most noticeably
when limited to AA women with less than high school
education, those with high allostatic load had 3-fold
(unadjusted HR: 3.23; 95% CI: 1.87-5.57) increased risk
of cancer death compared to AA women with low AL
(Supplemental Table 1). Further, among AA women
with high school diploma or equivalent, those with high
allostatic load had nearly 4-fold (unadjusted HR: 3.72;
95% CI: 1.99-6.96) increased risk of cancer death when
compared to women with low allostatic load.

In an additional sensitivity analysis, we examined the
relationships between the joint effect of education with
allostatic load on cancer death risk, and the moderated
effect of education on the relationship between allostatic
load and cancer death risk while excluding NHANES
participants with a history of cancer. When stratified
among AA women with high school educational attain-
ment or GED equivalent; AA women with high allostatic
load had a 4.5-fold increased risk of cancer death (unad-
justed HR: 4.54, 95% CI: 2.11-9.74), a 2.3-fold increased
risk when accounting for age (age-adjusted HR: 2.27, 95%
CI: 1.08-4.74), and 2.3-fold increased risk when fully
adjusted (adjusted HR: 2.26, 95% CI: 1.10-4.57) when
compared to their counterparts with low allostatic load
(Supplemental Table 2). These findings suggest that high
allostatic load is strongly associated with risk of cancer
death in AA women with lower educational attainment.

Discussion

In this study, we examined the relationship between edu-
cational attainment and allostatic load in AA women and
its association with a long-term risk of cancer mortality.
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Our findings suggest that high allostatic load, or ‘wear
and tear’ because of life course stress, is strongly associ-
ated with risk of cancer death in AA women with lower
educational attainment but not in AA women with higher
educational attainment. AA women with education
attainment of less than high school diploma and living
with high allostatic load had nearly a 3-fold increased risk
of dying from cancer when compared to college gradu-
ates living with low allostatic load. However, after adjust-
ing for age, the association between participants having
less than high school educational attainment and living
with high AL attenuated with the risk of cancer death.
When stratified by educational attainment status, we
observed that AA women with less than high school and
a high school degree or equivalent living with high AL
had more than 3-fold increased risk of dying from cancer.
However, AA women with some college or college gradu-
ates or more with high AL had only a 1-2 increased risk
of cancer mortality. We observed that this relationship
also reduced after adjusting for confounders.

Within our unadjusted model among AA women, edu-
cational attainment modified the effect of AL on cancer
mortality. Reductions in AL that may be obtained with
higher education, including increased access to health-
care and better understanding of the healthcare system,
may partially explain the improved cancer mortality. This
means many of the perceived health benefits of a college
education do partially result in improved health out-
comes for AA women with cancer. Previous studies have
found that socioeconomic factors alone are insufficient to
fully explain the effect of race on cancer outcomes among
AA women, consistent with our findings attenuating with
age [16, 17]. Socioeconomic variables in conjunction
with cultural beliefs and attitudes, may largely account
for sustained disparities in cancer mortality among AA
women [31, 32]. Further, increased health literacy for
AA women with higher education, differences in tumor
phenotype, inherited predispositions, comorbidities, and
discrimination and bias experienced by AA women may
also account for sustained cancer mortality rates [33, 34].
Moore et. al’s study found that despite living in closer
proximity to available healthcare services, increased odds
of late-stage diagnosis, no receipt of treatment, and risk
of breast cancer death were sustained for NH-AA women
living in urban environments compared to rural NH-AA
women [35]. One explanation to our findings may be a
relative homogeneity in AL in AA women. Our standard-
ization of AL was based on relative data from all races
from the NHANES survey. Therefore, it may be possible
that differences in high and low AL in AA women were
minimal, and therefore, it is difficult to establish a differ-
ence in cancer mortality between the two groups.

Previously, Williams et al. determined that AA women
with a baccalaureate degree or higher had lower AL [18].
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This finding further confirmed existing data suggesting
that higher education is a social determinant of health [6,
36, 37]. Though we did not have statistical power within
our fully-adjusted statistical models, we observed that
when unadjusted and among AA women, educational
attainment modified the effect of AL on cancer mortality;
as women with high AL compared to women with low
AL were at a 3-fold increased risk of cancer death among
AA women with less than high school education. This
effect was reduced when stratified among AA women
with a college education, corresponding to only a 90%
increased risk of cancer comparing women with high AL
versus those with low AL. Further, these finding show
that higher education reduces the effect of high AL, or
chronic physiologic stress, on cancer death risk. Further,
Moore et al. observed that high AL was associated with
an increased risk of overall cancer death [15]. Our results
mirrored those of Moore et al., finding that AA women
with high AL were more likely to have a history of can-
cer compared to those living with low AL. Accordingly,
future researchers should examine whether the racial
weathering associated with living while AA in the U.S.
wholly obscures the possibilities of educational attain-
ment mitigating cancer death outcomes. Several studies
have shown that AA people generally have the highest
cancer mortality burden [16, 17]. With our findings, it
does appear that increased education changes the rate of
cancer mortality for AA women. The added benefits of
higher education, including possible increased income
and decreased chronic stress, did lead to decreased can-
cer mortality. There may also be other factors at play. It
is possible that AA women’s lived experiences with the
healthcare system may play a role in attenuating any
benefits of higher education and AL may have on cancer
mortality. In addition, a study by Hudson et al. found that
the process of upward social mobility may not lend itself
to improved health outcomes for AA men and women in
the same way that upwardly mobile NH White men and
women experience [38]. Meaning, upward mobility may
instead be associated with greater health burdens for AA
compared to their White counterparts. Indeed, upward
mobility may increase experiences with racism and
decrease social support. Those with higher educational
attainment may attenuate any improvements in cancer
mortality associated with higher education in other races
due to the stress of negotiating these classed spaces while
Black. Future scholars may wish to examine this and
other physician-patient factors and their possible role in
cancer mortality.

The results from this study should be contextualized by
the strengths and limitations of our data. One limitation
to our study includes a subsample of non-Hispanic Black
women. This subsample resulted in a smaller sample
size, which is reflected in the wide confidence intervals
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associated with our hazard ratios. A larger sample size
would help improve the precision of our data. Further,
allostatic load and baseline exposure variables were
attained at a single point in time and not re-assessed. We
cannot elucidate life course factors and events between
exposure and outcomes. Thus, we were unable to include
time-varying measures of education, allostatic load, and
other possible life-course factors that may influence the
etiology cancer mortality (e.g., diagnosis, prognosis, can-
cer treatments). Further, because of our use of publicly
available NDI-linked NHANES data we were unable to
disentangle cancer-specific (e.g., breast, colorectal) mor-
tality. There may be other factors in play between the
time of the survey and interview and the time they passed
from cancer. Another limitation is in the initial collection
of the educational data, wherein there was limited disag-
gregation for those with at least a baccalaureate degree
or higher. Our inability to analyze whether differences at
the baccalaureate versus the postgraduate levels forced us
to make incomplete inferences about educational attain-
ment, AL, and cancer mortality. However, some strengths
of our study include using a nationally representative
sample. This allows us to generalize our findings better.
Further, this is one of the first studies to look at AL and
the risk of cancer death, specifically among AA women.

Conclusion

Previous studies have shown that increased allostatic
load is associated with increased risk of cancer death. In
our study higher educational attainment modified and
reduced the risk of cancer mortality for African Ameri-
can women. However, the role of educational attainment
on AL differences in cancer mortality among AA women
were significantly attenuated once adjusted for age. Our
findings reveal the benefits associated with higher edu-
cation, such as increased access to medical care and
better medical literacy improve but do not fully explain
AA women’s risk of cancer mortality. Further research
is needed to better understand the factors affecting AA
women’s lives that may contribute to higher rates of can-
cer specific mortality and the potential mediating role of
AL.
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AL Allostatic Load

NHANES National Health and Nutrition Examination Survey
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