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Abstract

Purpose—Shorter breast cancer (BC) survival outcomes persist by neighborhood disadvantage
independent of patient, tumor, and treatment characteristics. This suggests unaccounted
mechanisms by which neighborhood disadvantage “gets under the skin” to impact BC survival
outcomes. Here, we evaluate the relationship between neighborhood disadvantage and clinical and
neuroendocrine markers of stress in BC patients.

Methods—Women with stage O-I11 BC were enrolled 2-10 weeks post-surgery and before
initiating adjuvant treatment in a study examining stress and stress management processes. WWomen
provided an afternoon-evening (PM) serum cortisol sample and were administered the Hamilton
Anxiety Rating Scale (HAM-A). Home addresses were used to determine the Area Deprivation
Index (ADI), a validated measure of neighborhood disadvantage. Multiple regression assessed the
relationship between ADI and PM serum cortisol and the presence of elevated HAM-A symptoms.

Results—Our sample (n = 225) was predominately middle-aged (M7= 50.4 years; range 23-70
years), non-Hispanic White (64.3%), with stage 1 (38.1%), or Il (38.6%) disease. The majority (n
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= 175) lived in advantaged neighborhoods (ADI 1-3). After controlling for age, stage, and surgery
type, women from high ADI (4-10) (vs low ADI) neighborhoods had higher PM cortisol levels (8
=0.19, 95% CI [0.24, 5.00], p= 0.031) and were nearly two times as likely to report the presence
of elevated anxiety symptoms (OR = 1.96, 95% CI [1.00, 3.86], p = 0.050).

Conclusion—Neighborhood disadvantage is significantly associated with higher levels of PM
cortisol and elevated anxiety symptoms suggesting stress pathways could potentially contribute to
relationships between neighborhood disadvantage and BC survival.
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Breast cancer; Social adversity; Neighborhood disadvantage; Health disparities; Cortisol; Stress

Introduction

Neighborhoods represent complex environments with unique cultural, physical, and
economic attributes that impact health and disease. Living in a disadvantaged neighborhood
has been previously linked to an increased risk of breast cancer mortality, even

after accounting for individual-level socioeconomic status (SES) [1-3]. Neighborhood
disadvantage has been linked to increased risk of aggressive breast cancer subtypes and
mortality, but how this occurs is not fully understood [1, 4-10]. Much of the literature
attributes these associations to disparities in access to care or treatment incompletion [9, 11—
13]. However, a study by Goel et al. revealed that neighborhood disadvantage was associated
with lower breast cancer survival above and beyond individual-level factors and access to
care barriers such as stage at presentation and NCCN-guideline treatment [14]. This suggests
that there may be unaccounted biologic mechanisms by which neighborhood disadvantage
“gets under the skin” to impact breast cancer survival outcomes.

Disadvantaged neighborhoods are a byproduct of economic and racial residential
segregation and often have higher rates of crime and violence, less access to green spaces
and sidewalks, and more noise and chemical pollution which have known effects on

overall health, cancer rates, and survival [15, 16]. Chronic stress is thought to contribute

to pathways causing or exacerbating chronic diseases, cancer, and increased mortality [5-8].
This adverse environment leads to chronic stress and negative health behaviors, with a
recent study in breast cancer patients showing that neighborhood deprivation was associated
with lower psychological well-being and quality of life [17]. Additionally chronic stress
actually activates harmful biological mechanisms involving interactions between distress
responses (e.g., anxiety) and the nervous system, leading to changes in neuroendocrine
signaling processes which can affect the immune system and tumor microenvironment [18—
22]. Whether chronic stress associated with neighborhood disadvantage relates to distress
and neuroendocrine indicators in the context of breast cancer have yet to be explored.

To address this gap, we sought to evaluate the relationship between neighborhood
disadvantage and clinician-rated and neuroendocrine markers of distress in breast cancer
patients. By integrating neighborhood disadvantage, clinician-rated anxiety symptoms,
and serum cortisol, we can further delineate the relationship between neighborhood
disadvantage and stress, and potentially identify pathways that could potentially contribute
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to neighborhood disparities in breast cancer outcomes. We hypothesized that women with
higher levels of neighborhood disadvantage would have higher levels of anxiety symptoms
and cortisol.

Population and data

Measures

In this prospective cohort study, women with stage 0-111 breast cancer between 1998 and
2005 were enrolled in a clinical trial for stress management 2-10 weeks post-surgery and
before initiating adjuvant treatment. IRB approval was obtained at our institution, and
patients gave informed consent. Exclusion criteria included a previous diagnosis of cancer
(except minor skin cancer), age > 70 years, metastatic disease, prior hospitalization or
diagnosis for psychosis, major depressive episode, panic disorder, suicidality, or substance
dependency, and non-fluent in English. Participants were also excluded if they had

a comorbid major medical condition, were taking medications with known effects on
endocrine functioning, or if they began adjuvant chemotherapy or radiation treatment.
Patient addresses were used to determine the Area Deprivation Index (ADI), a validated
measure of neighborhood disadvantage. At baseline, women provided a late afternoon to
evening-time serum cortisol sample (between 4 pm and 6:30 pm) (PM cortisol) and were
administered a structured clinical interview of anxiety symptoms (Hamilton Anxiety Rating
Scale; HAM-A) [22]. Our primary exposure was ADI, and our primary outcomes were PM
cortisol and the presence of elevated HAM-A anxiety symptoms.

The ADI is a validated composite measure of multilevel measures of socioeconomic
disadvantage used by the Centers for Medicare & Medicaid Services and is calculated
for each patient using census block group data. The ADI also uses the American
Community Survey (ACS) 5-year Estimates. We used the 2015 ADI, which is a 5-year
average of ACS data from the years 2011-2015. The ADI was determined using cohort
addresses in our database and calculated using the following ADI mapping atlas: https://
www.neighborhoodatlas.medicine.wisc.edu/mapping. The ADI score (1-10) includes factors
from the domains of income/employment (median family income in US dollars, income
disparity, % families below federal poverty level, % population below 150% of federal
poverty level, % civilian labor force population aged 16 years and older who are
unemployed), education (% population aged 25 years or older with less than 9 years of
education, % population aged 25 years or older with at least a high school diploma,

% employed population aged 16 years or older in white-collar occupations), housing
(median home value in US dollars, median gross rent in US dollars, median monthly
mortgage in US dollars, % owner-occupied housing units, % occupied housing units
without complete plumbing), and household characteristics (% Single-parent households
with children younger than 18). State deciles are typically categorized into tertiles where
tertile 1 is the lowest ADI (most advantaged) and tertile 3 is the highest ADI (most
disadvantaged) [23]. For study analyses, we grouped women into those falling into the
lowest tertile (ADI = 1-3) vs those in the top two tertiles (ADI = 4-10) in order to
obtain reasonably sized groups for comparisons. The lowest tertile was defined as living
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in an “advantaged neighborhood” and the top two tertiles as living in a “disadvantaged
neighborhood.”

Serum cortisol was used as a measure of physiological stress. Blood samples for serum
assays were collected between 4 PM and 6:30 PM, as this was the time used in our prior
work to control for circadian fluctuations, and was a time that participants were able to
come in for assessments [24]. Because cortisol levels can be affected by multiple lifestyle
factors we instructed participants to refrain from alcohol use, recreational drug use and
caffeinated beverages on the day of the blood draw. Prior reports of this sample indicated
that among women providing blood samples for cortisol, 93% were nonsmokers, and they
consumed an average of two to three alcoholic beverages per week with half reporting

no alcohol use, and average weekly caffeinated coffee consumption of less than one cup
per day [24]. During assessments, a phlebotomist collected peripheral venous blood via
venipuncture in red-topped vacutainer tubes, which contain no anticoagulants and allow
for the serum to be separated from cells when centrifuged. Cortisol levels in serum were
measured by competitive enzyme-linked immunosorbent assay (ELISA) with kits from
Diagnostic Systems Laboratories (Webster, Texas).

The HAM-A is a clinician-administered interview that assesses 14 symptom-defined
elements, and taps both psychological and somatic symptoms, comprising anxious mood,;
tension (including startle response, fatigability, restlessness); fears (including of the
dark/strangers/crowds); insomnia; ‘intellectual’ (poor memory/difficulty concentrating);
depressed mood (including anhedonia); somatic symptoms (including aches and pains,
stiffness, bruxism); sensory (including tinnitus, blurred vision); cardiovascular (including
tachycardia and palpitations); respiratory (chest tightness, choking); gastrointestinal
(including irritable bowel syndrome-type symptoms); genitourinary (including urinary
frequency, loss of libido); autonomic (including dry mouth, tension headache) and observed
behavior at interview (restless, fidgety, etc.) [25]. Each item is scored on a basic numeric
scoring of O (not present) to 4 (severe). Due to a clerical error, the genitourinary system
cluster was not administered to any patient within this study. As this missingness was
systematic across all participants, it is considered missing at random. Thus, the mean of
the 13 present items was added to the total scores of the HAM-A such that levels were
comparable to the 14-item scale. For the purpose of this study, we focused on the presence
of anxiety symptoms as opposed to a clinical diagnosis of anxiety, therefore the HAM-A
was dichotomized to represent the presence of mild anxiety symptoms using accepted
cut-offs (scores > 7) [26].

Covariates for each model included stage (0-I11), age, and type of surgery (lumpectomy vs.
mastectomy). These covariates were chosen based on known confounders and subject matter
knowledge. Age was included as cortisol levels are known to vary by age group [27-29].
Race was not included as a covariate in our analysis due to the small number of Black
patients living in ADI group 1-3 (n= 3, 1.7%).
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Statistical analysis

Results

Data were analyzed using SPSS statistics version 28. Data were first screened for outliers
and assumptions of normality. Linear regression analysis was used to assess the relationship
between ADI and serum cortisol and binary logistic regression to assess whether ADI group
was associated with the presence of elevated anxiety symptoms per the HAM-A. Statistical
significance was based on a two-sided alpha of 0.05.

Of the 240 women in the parent trial, ADI was collected on 225 (93.8%). Missing ADI data
was due to women who did not provide valid home addresses during the baseline assessment
(e.g., provided a P.O. Box). Our sample (1= 225) was predominately middle-aged (mean
50.4 years; range 23-70 years), non-Hispanic White (64.3%), with stage 1 (38.1%) or Il
(38.6%) disease. The majority lived in advantaged neighborhoods. On the HAM-A, 47.2%
of women reported the presence of elevated anxiety symptoms. The average HAM-A score
was 8.29 (SD = 6.05) and the mean cortisol level was 8.68 pg/dL (SD = 5.93).

There were no significant differences by ADI category on age at diagnosis, stage at
diagnosis, household income, or type of surgery received. However, there was a significant
difference by neighborhood deprivation category on ethnic/racial identity (x2(3) = 15.73, p
= 0.001). Specifically, women in disadvantaged neighborhoods had a higher proportion of
Black and Hispanic patients compared to women in advantaged neighborhoods. In addition,
women in disadvantaged neighborhoods reported fewer years of education (4223) = 1.96,
p=0.025). See Table 1 for baseline medical and demographic variables presented by ADI.
HAM-A mean scores were 7.99 (5.98) for women in advantaged neighborhoods, and 9.41
(6.24) for those in disadvantaged neighborhoods (4213) = — 142, p=0.079). Statistically
significant differences were seen in mean cortisol between ADI categories ({120) = — 2.35,
p=0.020) are shown in Fig. 1.

In a multivariable linear regression controlling for age, stage, and surgery type, women

in disadvantaged neighborhoods had higher cortisol levels than women in advantaged
neighborhoods (5= 0.19, 95% CI [0.24, 5.00], p=0.031). Moreover, in a binary

logistic regression accounting for age, stage, and type of surgery, women in disadvantaged
neighborhoods were nearly two times as likely to report the presence of elevated anxiety
symptoms on the HAM-A (OR = 1.96, 95% CI [1.00, 3.86], p = 0.050). See Table 2 and
Table 3 for full results of the multivariable linear and logistic regressions. On additional
analyses, controlling for age, stage, surgery type, as well as menopausal status and receptor
status, women in disadvantaged neighborhoods continued to have higher cortisol levels than
women in advantaged neighborhoods (B(SE) = 2.68(1.20), p = 0.028).

Conclusion

Our study found that breast cancer patients in disadvantaged neighborhoods had greater
evening cortisol levels and were nearly twice as likely to have elevated anxiety symptoms
than those in advantaged neighborhoods. These findings remained after controlling for age,
stage, and surgery type. Given previous research linking elevated cortisol levels to increased
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breast cancer aggressiveness [30-32], these associations may help explain why women with
breast cancer living in marginalized neighborhoods have disparate outcomes.

An adverse environment, such as a disadvantaged neighborhood, may lead to chronic stress
and negative health behaviors, which are possible pathways to causing or exacerbating
chronic diseases, cancer, and increased mortality [5-8]. Psychological stress can evoke
physiological stress responses via the hypothalamic—pituitary—adrenal (HPA) axis and
sympathetic nervous system (SNS) (Fig. 2) [33]. Activation of these systems leads to

the release of cortisol, epinephrine, and norepinephrine, which have downstream effects
that can promote tumor biology and suppress antitumor immune responses through
catecholamine and glucocorticoid hormone-mediated mechanisms [21]. Stress can also
up-regulate inflammatory signaling and lead to psychological and physical “weathering”
[20, 31, 34]. While neuroendocrine activation of a stress response can affect the tumor
through peripheral circulation, studies in animal models have also shown that tumors can
be directly activated by nerves within tumors which has been linked to worse breast cancer
outcomes [35, 36]. Glucocorticoids specifically can act directly on cancer cells and the
tumor microenvironment to activate cancer cell growth, inhibit apoptosis, and provide an
advantageous environment for tumor progression [30, 37-39].

Through activation of the HPA axis, cortisol plays an important role in stress response

and signaling in women with breast cancer. Cortisol has a diurnal rhythm, with higher
levels in the morning that decrease throughout the day. However, that rhythm can become
dysregulated after exposure to chronic stress, inflammation, or disease [33, 40, 41].
Dysregulation leads to flattening of the cortisol slope and elevations of afternoon-evening
cortisol, the latter of which was seen in our study in women living in more disadvantaged
neighborhoods [40, 41]. In studies on cancer patients, dysregulation of cortisol has been
shown to inhibit protective immune responses, promote inflammation, and may facilitate
resistance of tumor cells to cytotoxic chemotherapy [33, 42]. Studies in patients with
metastatic breast cancer whose night-time cortisol levels were higher had more depressive
symptoms and suppressed cell-mediated immunity, and those with flattened or abnormal
diurnal cortisol rhythms had earlier mortality [40]. Emerging work in a separate cohort

of breast cancer patients from those studied here indicates that greater afternoon—evening
cortisol levels in the weeks after surgery are associated with both elevated cancer-specific
distress and s100A8/A9 levels, an important breast cancer prognostic marker [43]. Given the
current literature, our finding that higher neighborhood deprivation predicts higher levels of
cortisol is not surprising but is still a novel association and brings to light a biobehavioral
pathway that could explain the effects of neighborhood disadvantage on breast cancer
biology and outcomes. These findings add strength to our theoretical model (Fig. 2) that
ADI as a stressor may cause a psychological and biological response, respectively.

Anxiety is a stress-related state that exacerbates one’s response to stressful stimuli [44, 45].
Consistent with our findings, one previous study has shown that neighborhood disadvantage
(measured by ADI) is associated with elevated anxiety symptoms in cancer patients [46].
Studies have also found that neighborhood disadvantage is associated with markers of
biological aging such as DNA methylation patterns and allostatic load in breast cancer
survivors [5, 46]. Anxiety in cancer patients has been linked to decreased physiological
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function, treatment compliance, psychological function, and quality of life, and may even
be an important factor affecting the mortality of breast cancer patients, although studies
have not shown consistent findings [44, 45, 47, 48]. A meta-analysis showed that anxiety

in cancer patients was associated with increased odds of recurrence and all-cause mortality
but not breast cancer-specific survival [44]. One study by Blomberg et al. found that greater
anxiety in breast cancer patients was associated with reduced interleukin-2 production,
which stimulates activation of natural killer cells and is a growth factor for 7 cells, both of
which contribute to protective immune-cell response to cancer cells [49]. Our finding that
women living in disadvantaged neighborhoods were almost twice as likely to have elevated
anxiety symptoms at an early point in their treatment is consistent with current literature
and supports our theoretical model (Fig. 2). It is important to note, while the clinical cutoff
ranges for generalized anxiety disorders for HAM-A are higher than seen in our population,
our goal was to use the HAM-A score to quantify the presence of anxiety symptoms,

rather than a clinical diagnosis of an anxiety disorder, as a measure of psychologic stress.
Additionally, because the HAM-A measures somatic and psychological symptoms, it may
also reflect underlying SNS activation associated with anxiety that is not fully measured by
cortisol.

The importance of our findings lies in the promise they have to guide future interventions.
One approach is through stress reduction interventions for women with breast cancer living
in at-risk neighborhoods (high disadvantage). We have already developed a stress reduction
intervention shown to decrease evening cortisol [24] and leukocyte pro-inflammatory and
pro-metastatic gene expression markers linked with stress, threat, adversity and anxiety
[47]. Breast cancer survivors assigned to this intervention have also shown improved

breast cancer disease-free survival in a randomized clinical trial [50]. In the context

of that study, greater reductions in a leukocyte threat-related gene expression pattern
known as the conserved transcriptional response to adversity (CTRA) [51] showed longer
DFS over the subsequent 11 years [34, 51, 52]. This intervention—cognitive behavioral
stress management (CBSM)—teaches relaxation and cognitive behavioral therapy (CBT)
techniques [53], which may provide tools for dealing with both uncontrollable and
controllable elements of neighborhood stress. Specifically, CBSM techniques such as
relaxation/mindfulness meditation are designed to provide emotion-focused strategies to
deal with uncontrollable stressors including neighborhood-level stimuli (poor esthetic
quality), while cognitive restructuring and interpersonal skills training (assertiveness and
anger management) are designed to provide problem-focused strategies to deal with
controllable elements such as anxiety-generating thoughts and social isolation/disruption,
respectively, which are also aspects of perceived neighborhood stress. CBSM has already
been shown to be feasible, acceptable, and efficacious in improving perceived stress,
cancer-specific anxious thoughts, depressive symptoms, and quality of life in lower-income
Black breast cancer patients [54] though these studies have not been extended to test

for effects on neuroendocrine, immune, tumor biology, and clinical outcomes [22]. The
present study provides key information on the stress experienced by breast cancer patients
in disadvantaged neighborhoods, justifying efforts to tailor a stress management intervention
for this population.
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One strength of our study is the recruitment of women in the 2-10 week post-surgical
period, a time when they had not yet begun their adjuvant therapy regimens, thus, giving

us measures of their stress state free of the confounding effects of chemotherapy and
radiation. Another strength is the use of ADI (as opposed to other measures of neighborhood
socioeconomic status such as the Yost Index). The ADI provides more flexibly in grouping
(as opposed to pre-divided quintiles of the Yost Index); more detailed information integrated
in the housing domains; and a smaller geographic measure in the census block group versus
the broader census tract [55, 56]. The study was limited by the cross-sectional design, by the
generally low-risk nature of the study population as subjects mostly had stage | and Il breast
cancer, and by the fact that the majority of patients were non-Hispanic White and lived in
advantaged neighborhoods (low ADI). Because women in our sample were mostly living in
advantaged neighborhoods, this limits generalizability, as this is not the overall distribution
in our catchment area [57]. We attempted to mitigate the effects of this on the power of

our analyses through our use of ADI grouping. In previous studies, we have used ADI
tertiles, in this study we grouped tertile 2 and 3 together (ADI 4-10 group) against tertile

1 to create more equitably sized groups for comparison [57]. The relative proportion of
advantaged women in our study may be due to self-selection bias of the participants, where
more advantaged patients may be more willing to be involved in research that involves
psychologic interventions, have more time and resources to participate, or have generally
more trust or comfort with being involved in medical research [58, 59]. The results reported
here warrant further investigation in a larger and more diverse cohort. The time period of
our cohort limits HER2 receptor status availability as this marker was not in widespread use
during the accrual period. We lack access to BMI data, as patients were primarily recruited
at community clinics with some incomplete patient information. Another potential limitation
would be the use of cortisol alone as a stress biomarker, rather than a more comprehensive
array of stress and social adversity markers that include measures of autonomic sympathetic
nervous system activity (e.g., norepinephrine levels) or genomic patterns.

To our knowledge, this is the first study to quantify the relationship between breast
cancer patient ADI and biological and clinical interview indicators of stress using cortisol
and anxiety scores, respectively. This study is consistent with the hypothesis that social
adversity-associated stress from a disadvantaged neighborhood leads to biological and
psychological changes that may in turn contribute to increased breast cancer progression
and poorer clinical outcomes. As clinicians, we have a responsibility to our patients to take
their built environment into account when treating them, furthering the goals of precision
oncology. Solutions to a stressful built environment should be considered a fundamental
part of breast cancer care, such as stress management interventions to reduce anxiety and
cortisol levels [47]. Furthermore, our findings can contribute to guiding future therapies,
interventions, and health policies focused on mitigating the deleterious effects that a built
environment can have on the lives and outcomes of our patients.

Dr. Goel is funded by an NIH K12 Paul Calabresi Award (K12CA226330), American Surgical Association
Fellowship Award, American Society of Clinical Oncology Career Development Award, a Cancer Center Support
Grant (5P30 240139-02), and the V foundation Award. Dr. Steve Cole funded by the Breast Cancer Research
Foundation and NIA P30-AG017265. Dr. Antoni is funded by grants from the NIH (R01CA206456, UG3

Breast Cancer Res Treat. Author manuscript; available in PMC 2024 July 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Goel et al. Page 9

CA260317, R61 CA263335, R37 CA255875), PCORI (AD-2020C3-21171), the Florida Breast Cancer Foundation,
and a Cancer Center Support Grant (LP30CA240139-01). Dr. Blomberg is funded by a grant from the NIH (NIH
SBIR R44 AG064107) and the Florida Breast Cancer Foundation.

Data availability

The datasets generated and analyzed during the current study are not publicly available and
were derived at the University of Miami, but are available from the corresponding author on
reasonable request.

References

1. Bhattacharyya O, Li Y, Fisher JL et al. (2021) Low neighborhood socioeconomic status is associated
with higher mortality and increased surgery utilization among metastatic breast cancer patients.
Breast 59:314-320. 10.1016/j.breast.2021.08.003 [PubMed: 34388697]

2. Kish JK, Yu M, Percy-Laurry A, Altekruse SF (2014) Racial and ethnic disparities in cancer
survival by neighborhood socioeconomic status in surveillance, epidemiology, and end results
(SEER) registries. J Natl Cancer Inst Monogr 2014(49):236-243. 10.1093/jncimonographs/Igu020
[PubMed: 25417237]

3. Abdel-Rahman O (2019) Impact of NCI socioeconomic index on the outcomes of nonmetastatic
breast cancer patients: analysis of seer census tract-level socioeconomic database. Clin Breast
Cancer 19(6):e717-e722. 10.1016/j.clbc.2019.06.013 [PubMed: 31519450]

4. Saini G, Ogden A, McCullough LE, Torres M, Rida P, Aneja R (2019) Disadvantaged
neighborhoods and racial disparity in breast cancer outcomes: the biological link. Cancer Causes
Control 30(7):677-686. 10.1007/s10552-019-01180-4 [PubMed: 31111277]

5. Shen J, Fuemmeler BF, Sheppard VB et al. (2022) Neighborhood disadvantage and biological
aging biomarkers among breast cancer patients. Sci Rep 12(1):11006. 10.1038/s41598-022-15260-0
[PubMed: 35773311]

6. Qin B, Babel RA, Plascak JJ et al. (2021) Neighborhood social environmental factors and
breast cancer subtypes among black women. Cancer Epidemiol Biomarkers Prev 30(2):344-350.
10.1158/1055-9965.Epi-20-1055 [PubMed: 33234556]

7. Akinyemiju TF, Pisu M, Waterbor JW, Altekruse SF (2015) Socioeconomic status and incidence
of breast cancer by hormone receptor subtype. Springerplus 4(1):508. 10.1186/s40064-015-1282-2
[PubMed: 26405628]

8. Barber LE, Zirpoli GR, Cozier YC et al. (2021) Neighborhood disadvantage and individual-level life
stressors in relation to breast cancer incidence in US black women. Breast Cancer Res 23(1):108.
10.1186/s13058-021-01483-y [PubMed: 34809694]

9. Coughlin SS (2019) Social determinants of breast cancer risk, stage, and survival. Breast Cancer Res
Treat 177(3):537-548. 10.1007/s10549-019-05340-7 [PubMed: 31270761]

10. DeGuzman PB, Cohn WF, Camacho F, Edwards BL, Sturz VN, Schroen AT (2017) Impact of
urban neighborhood disadvantage on late stage breast cancer diagnosis in virginia. J Urban Health:
Bullet New York Acad Med 94(2):199-210. 10.1007/s11524-017-0142-5

11. Dietze EC, Sistrunk C, Miranda-Carboni G, O’Regan R, Seewaldt VL (2015) Triple-negative
breast cancer in African—American women: disparities versus biology. Nat Rev Cancer 15(4):248—
254.10.1038/nrc3896 [PubMed: 25673085]

12. Newman LA, Kaljee LM (2017) Health disparities and triple-negative breast cancer in African
American women: a review. JAMA Surg 152(5):485-493. 10.1001/jamasurg.2017.0005 [PubMed:
28355428]

13. Linnenbringer E, Geronimus AT, Davis KL, Bound J, Ellis L, Gomez SL (2020) Associations
between breast cancer subtype and neighborhood socioeconomic and racial composition among
black and white women. Breast Cancer Res Treat 180(2):437-447. 10.1007/s10549-020-05545-1
[PubMed: 32002766]

Breast Cancer Res Treat. Author manuscript; available in PMC 2024 July 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Goel et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Page 10

Goel N, Westrick AC, Bailey ZD et al. (2022) Structural racism and breast cancer-specific
survival: impact of economic and racial residential segregation. Ann Surg 275(4):776-783.
10.1097/s1a.0000000000005375 [PubMed: 35081560]

Clark CR, Ommerborn MJ, Hickson DA et al. (2013) Neighborhood disadvantage, neighborhood
safety and cardiometabolic risk factors in African Americans: biosocial associations in the Jackson
Heart study. PLoS ONE 8(5):e63254. 10.1371/journal.pone.0063254 [PubMed: 23691005]

Cubbin C, Hadden WC, Winkleby MA (2001) Neighborhood context and cardiovascular disease
risk factors: the contribution of material deprivation. Ethn Dis Fall 11(4):687-700

Hassan AM, Nguyen HT, Corkum JP et al. (2022) Area deprivation index is associated with
variation in quality of life and psychosocial well-being following breast cancer surgery. Ann Surg
Oncol. 10.1245/s10434-022-12506-z

Hill TD, Ross CE, Angel RJ (2005) Neighborhood disorder, psychophysiological distress, and
health. J Health Soc Behav 46(2):170-186. 10.1177/002214650504600204 [PubMed: 16028456]

Costanzo ES, Sood AK, Lutgendorf SK (2011) Biobehavioral influences on cancer progression.
Immunol Allergy Clin North Am 31(1):109-132. 10.1016/j.iac.2010.09.001 [PubMed: 21094927]

Smith JA, Zhao W, Wang X et al. (2017) Neighborhood characteristics influence DNA methylation
of genes involved in stress response and inflammation: the multi-ethnic study of atherosclerosis.
Epigenetics 12(8):662-673. 10.1080/15592294.2017.1341026 [PubMed: 28678593]

Antoni MH, Dhabhar FS (2019) The impact of psychosocial stress and stress management

on immune responses in patients with cancer. Cancer 125(9):1417-1431. 10.1002/cncr.31943
[PubMed: 30768779]

Antoni MH, Moreno PI, Penedo FJ (2023) Stress management interventions to facilitate
psychological and physiological adaptation and optimal health outcomes in cancer patients and
survivors. Annual Review Psychol. 10.1146/annurev-psych-030122-124119

Corkum J, Zhu V, Agbafe V et al. (2022) Area deprivation index and rurality in relation to financial
toxicity among breast cancer surgical patients: retrospective cross-sectional study of geospatial
differences in risk profiles. J Am Coll Surg 234(5):816-826. 10.1097/xcs.0000000000000127
[PubMed: 35426394]

Phillips KM, Antoni MH, Lechner SC et al. (2008) Stress management intervention reduces serum
cortisol and increases relaxation during treatment for nonmetastatic breast cancer. Psychosom Med
70(9):1044-1049. 10.1097/PSY.0b013e318186fb27 [PubMed: 18842742]

Hamilton M (1959) The assessment of anxiety states by rating. Br J Med Psychol 32(1):50-55.
10.1111/j.2044-8341.1959.tb00467.x [PubMed: 13638508]

Matza LS, Morlock R, Sexton C, Malley K, Feltner D (2010) Identifying HAM-A cutoffs for mild,
moderate, and severe generalized anxiety disorder. Int J Methods Psychiatr Res 19(4):223-232.
10.1002/mpr.323 [PubMed: 20718076]

Wen JH, Sin NL (2022) Perceived control and reactivity to acute stressors: variations by age, race
and facets of control. Stress Health 38(3):419-434. 10.1002/smi.3103 [PubMed: 34626157]
Roelfsema F, Pijl H, Keenan DM, Veldhuis JD (2012) Diminished adrenal sensitivity and ACTH
efficacy in obese premenopausal women. Eur J Endocrinol 167(5):633-642. 10.1530/eje-12-0592
[PubMed: 22909443]

Moffat SD, An 'Y, Resnick SM, Diamond MP, Ferrucci L (2020) Longitudinal change in cortisol
levels across the adult life span. J Gerontol A Biol Sci Med Sci 75(2):394-400. 10.1093/gerona/
gly279 [PubMed: 31714574]

\Volden PA, Conzen SD (2013) The influence of glucocorticoid signaling on tumor progression.
Brain Behav Immun 30:526-31. 10.1016/j.bbi.2012.10.022 [PubMed: 23164950]

Antoni MH, Lutgendorf SK, Cole SW et al. (2006) The influence of bio-behavioural factors

on tumour biology: pathways and mechanisms. Nat Rev Cancer 6(3):240-248. 10.1038/nrc1820
[PubMed: 16498446]

Cash E, Sephton SE, Chagpar AB et al. (2015) Circadian disruption and biomarkers of tumor
progression in breast cancer patients awaiting surgery. Brain, Behav, Immun 48:102-114. 10.1016/
J.bbi.2015.02.017 [PubMed: 25728235]

Breast Cancer Res Treat. Author manuscript; available in PMC 2024 July 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Goel et al.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Page 11

Chang A, Sloan EK, Antoni MH, Knight JM, Telles R, Lutgendorf SK (2022) Biobehavioral
pathways and cancer progression: insights for improving well-being and cancer outcomes. Integr
Cancer Ther 21:15347354221096080. 10.1177/15347354221096081 [PubMed: 35575281]

Cole SW, Nagaraja AS, Lutgendorf SK, Green PA, Sood AK (2015) Sympathetic nervous system
regulation of the tumour microenvironment. Nat Rev Cancer 15(9):563-572. 10.1038/nrc3978
[PubMed: 26299593]

Huang D, Su S, Cui X et al. (2014) Nerve fibers in breast cancer tissues indicate aggressive

tumor progression. Medicine (Baltimore) 93(27):e172. 10.1097/md.0000000000000172 [PubMed:
25501061]

Pundavela J, Roselli S, Faulkner S et al. (2015) Nerve fibers infiltrate the tumor microenvironment
and are associated with nerve growth factor production and lymph node invasion in breast cancer.
Mol Oncol 9(8):1626-1635. 10.1016/j.molonc.2015.05.001 [PubMed: 26009480]

Flaherty RL, Owen M, Fagan-Murphy A et al. (2017) Glucocorticoids induce production of
reactive oxygen species/reactive nitrogen species and DNA damage through an iNOS mediated
pathway in breast cancer. Breast Cancer Res 19(1):35. 10.1186/s13058-017-0823-8 [PubMed:
28340615]

Moran TJ, Gray S, Mikosz CA, Conzen SD (2000) The glucocorticoid receptor mediates a survival
signal in human mammary epithelial cells. Cancer Res 60(4):867-872 [PubMed: 10706096]

Obradovi¢ MMS, Hamelin B, Manevski N et al. (2019) Glucocorticoids promote breast cancer
metastasis. Nature 567(7749):540-544. 10.1038/s41586-019-1019-4 [PubMed: 30867597]

Focke CMB, Iremonger KJ (2020) Rhythmicity matters: circadian and ultradian patterns of HPA
axis activity. Mol Cell Endocrinol 501:110652. 10.1016/j.mce.2019.110652 [PubMed: 31738971]

Adam EK, Quinn ME, Tavernier R, McQuillan MT, Dahlke KA, Gilbert KE (2017) Diurnal
cortisol slopes and mental and physical health outcomes: a systematic review and meta-analysis.
Psychoneuroendocrinology 83:25-41. 10.1016/j.psyneuen.2017.05.018 [PubMed: 28578301]
Sephton SE, Sapolsky RM, Kraemer HC, Spiegel D (2000) Diurnal cortisol rhythm as a predictor
of breast cancer survival. JINCI: J Nat Cancer Inst 92(12):994-1000. 10.1093/jnci/92.12.994
[PubMed: 10861311]

Taub CJ, Diaz A, Blomberg BB et al. (2022) Relationships between serum cortisol,
RAGE-associated s1I00A8/A9 Levels, and Self-reported cancer-related distress in women with
nonmetastatic breast cancer. Psychosom Med 84(7):803-807. 10.1097/psy.0000000000001109
[PubMed: 35980780]

Wang X, Wang N, Zhong L et al. (2020) Prognostic value of depression and anxiety on breast
cancer recurrence and mortality: a systematic review and meta-analysis of 282,203 patients. Mol
Psychiatry 25(12):3186-3197. 10.1038/s41380-020-00865-6 [PubMed: 32820237]

Singer S (2018) Psychosocial impact of cancer. Recent Res Cancer Res 210:1-11.
10.1007/978-3-319-64310-6_1

Rosenzweig MQ, Althouse AD, Sabik L et al. (2021) The association between area deprivation
index and patient-reported outcomes in patients with advanced cancer. Health Equity 5(1):8-16.
10.1089/heq.2020.0037 [PubMed: 33564735]

Antoni MH, Lutgendorf SK, Blomberg B et al. (2012) Cognitive-behavioral stress management
reverses anxiety-related leukocyte transcriptional dynamics. Biol Psychiatry 71(4):366-372.
10.1016/j.biopsych.2011.10.007 [PubMed: 22088795]

Ballenger JC, Davidson JR, Lecrubier Y, Nutt DJ, Jones RD, Berard RM (2001) Consensus
statement on depression, anxiety, and oncology. J Clin Psychiatry 62:64—-67 [PubMed: 12108825]
Blomberg BB, Alvarez JP, Diaz A et al. (2009) Psychosocial adaptation and cellular immunity

in breast cancer patients in the weeks after surgery: an exploratory study. J Psychosom Res
67(5):369-376. 10.1016/j.jpsychores.2009.05.016 [PubMed: 19837199]

Antoni MH, Bouchard LC, Jacobs JM et al. (2016) Stress management, leukocyte transcriptional
changes and breast cancer recurrence in a randomized trial: An exploratory analysis.
Psychoneuroendocrinology 74:269-277. 10.1016/j.psyneuen.2016.09.012 [PubMed: 27689900]
Cole SW (2019) The conserved transcriptional response to adversity. Curr Opin Behav Sci 28:31-
37.10.1016/j.cobeha.2019.01.008 [PubMed: 31592179]

Breast Cancer Res Treat. Author manuscript; available in PMC 2024 July 16.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Goel et al.

52.

53.

54.

55.

56.

57.

58.

59.

Page 12

Cole SW (2013) Social regulation of human gene expression: mechanisms and implications for
public health. Am J Pub Health 103(1):S84-92. 10.2105/ajph.2012.301183 [PubMed: 23927506]
Michael H, Antoni P (2003) Stress management intervention for women with breast cancer. Am
Psychol Assoc. 10.1037/10488-000

Lechner SC, Whitehead NE, Vargas S et al. (2014) Does a community-based stress management
intervention affect psychological adaptation among underserved black breast cancer survivors?

J Natl Cancer Inst Monogr 2014(50):315-322. 10.1093/jncimonographs/lgu032 [PubMed:
25749598]

Yost K, Perkins C, Cohen R, Morris C, Wright W (2001) Socioeconomic status and breast cancer
incidence in California for different race/ethnic groups. Cancer Causes Control 12(8):703-711.
10.1023/a:1011240019516 [PubMed: 11562110]

Kind AJH, Buckingham WR (2018) Making neighborhood-disadvantage metrics accessible—
the neighborhood atlas. N Engl J Med 378(26):2456—2458. 10.1056/NEJMp1802313 [PubMed:
29949490]

Goel N, Hernandez A, Thompson C et al. (2023) Neighborhood disadvantage

and breast cancer-specific survival. JAMA Netw Open 6(4):e238908-e238908. 10.1001/
jamanetworkopen.2023.8908 [PubMed: 37083666]

Unger JM, Gralow JR, Albain KS, Ramsey SD, Hershman DL (2016) Patient income level and
cancer clinical trial participation: a prospective survey study. JAMA Oncol 2(1):137-139. 10.1001/
jamaoncol.2015.3924 [PubMed: 26468994]

Saphner T, Marek A, Homa JK, Robinson L, Glandt N (2021) Clinical trial participation assessed
by age, sex, race, ethnicity, and socioeconomic status. Contemp Clin Trials 103:106315. 10.1016/
j.cct.2021.106315 [PubMed: 33626412]

Breast Cancer Res Treat. Author manuscript; available in PMC 2024 July 16.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Goel et al. Page 13

Baseline Means of Serum Cortisol by ADI
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Fig. 1.
Baseline means of serum cortisol by area deprivation index (ADI) groups
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Fig. 2.
Theoretical model of how neighborhood disadvantage-associated stressors activate

neuroendocrine stress signaling pathways to affect tumor biology
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Multiple regression illustrating relationship between ADI and serum cortisol

Table 2

Evening-time serum cortisol

Variable Unstandardized Standardized

B SE  B[95% Cl] B p
ADI (REF = low ADI 1-3 (v. high ADI 4-10) 2.62 120 [0.24,5.00] 019 go31*
Age -014 006 [-026,-002] -021 ggx*
Surgery type (REF = lumpectomy (v. mastectomy)) 054 112 [-1.67,2.74] 0.05 0.632
Stage (0-111) 0.07 069 [-1.29,1.44] 0.01 0916

Total model adjusted RZ = .07, F[4,117] =3.13, p=.017

SE standard error; C/confidence interval, AD/ area deprivation index

*
p<.05
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Table 3

Logistic regression illustrating relationship between ADI and elevated anxiety on HAM-A clinical interview

Variable HAM-A presence of anxiety symptoms (score > 7)
Unstandardized  Standardized pss
B SE OR OR[95% ClI]
ADI (REF = Low ADI 1-3 (v. high ADI 4-10) 068 035 1.96 [1.00,3.86] 0.050*
Age -003 002 097 [0.94,1.01] 0.061
Surgery type (REF = lumpectomy (v. mastectomy)) -0.05 0.30 095 [0.53,1.71] 0.873
Stage (0-111) 012 017 113 [0.80,1.59] 0.482

Total model Cox and snell 2 = .04, x*(4) = 9.34, p=.053,

HAM-A hamilton anxiety rating scale; SE standard error; C/ confidence interval; OR odd’s ratio; AD/ area deprivation index

*
p<.05
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