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Abstract

Background: Breast cancer is the most common cancer among women in the US, and women 

of low socioeconomic status (SES) show markedly poorer outcomes than those of high SES. 

SES may influence health through inflammation, although links between SES and inflammatory 

biomarkers have not been investigated in women with breast cancer. This study tested the 

hypothesis that breast cancer patients of lower SES would show higher levels of inflammation 

than those of higher SES. BMI was examined as a mediator of this association.

Methods: Women recently diagnosed with early-stage breast cancer (N=194) were recruited 

before neoadjuvant or adjuvant therapy. Participants completed questionnaires and provided blood 

samples for immune assessment. SES was indexed by participants’ self-reported education and 

annual household income, BMI was determined by height and weight measurements, and blood 

was assayed for inflammatory biomarkers linked with cancer outcomes: IL-6, CRP, TNF-α, 
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and sTNF-RII. General linear models tested associations between SES and inflammation, and 

mediation models examined indirect effects through BMI.

Results: Consistent with hypotheses, education status was associated with CRP, (F(2,185) = 

4.72, p = 0.001), and sTNF-RII, (F(2,185) = 4.19, p = 0.02), such that lower education was 

associated with higher levels of both biomarkers. Further, BMI mediated the associations between 

education and CRP, (95% CIs [−0.62, −0.11; −0.76, −0.21]), sTNF-RII, (95% CIs [−0.09, −0.01; 

−0.10, −0.02]), and IL-6, (95% CIs [−0.32, −0.05; −0.38, −0.09]). Annual household income was 

not significantly associated with inflammation (ps > 0.25), and indirect effects on inflammation 

through BMI were not significant.

Conclusions: Lower education was associated with higher levels of inflammation in this 

sample, which may presage poor breast cancer-related and clinical outcomes. SES should inform 

the development of interventions targeting BMI and inflammation in breast cancer.
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1. Introduction

Striking evidence reveals that socioeconomic status (SES) is associated with mental and 

physical health outcomes across the lifespan. SES is defined as a composite of economic, 

social, and work status and can be measured using income, education, and occupational 

status (Adler et al., 1994a). In particular, education and income are commonly used to 

measure SES given that these variables are easy to report and allow researchers to construct 

meaningful groups to categorize participants (Muscatell, 2018). Research findings indicate 

an inverse linear relationship between SES and health such that individuals of low SES 

have an elevated risk of morbidity and mortality across a variety of diseases, including 

breast cancer (Adler and Ostrove, 1999; Chen et al., 2002; Marmot et al., 1991; Matthews 

and Gallo, 2011). Indeed, empirical evidence from a population-based study showed that 

among women with breast cancer, those in the highest income category had more favorable 

breast cancer-related and overall survival rates than those in the lowest income category 

(Ji et al., 2020). Similarly, higher mean neighborhood income was associated with better 

overall survival in women with breast cancer, controlling for demographic and treatment-

related factors (Kumachev et al., 2016). Researchers have identified biological pathways 

to develop a better understanding of disparities in health outcomes linked to SES (Chen 

and Miller, 2013; Matthews and Gallo, 2011; Seeman et al., 2010). In the breast cancer 

population, however, there is a paucity of research that examines pathways that may 

elucidate associations between SES and health outcomes.

Systemic chronic inflammation is linked to heightened risk for various diseases (Furman 

et al., 2019), including cancer onset and progression (Grivennikov et al., 2010; Hanahan 

and Weinberg, 2011). In women with breast cancer, inflammation is associated with poor 

behavioral and physical health outcomes, including depression (Bortolato et al., 2017), 

fatigue (Bower, 2019; Schubert et al., 2007), and increased risk for breast cancer recurrence 

and mortality (Pierce et al., 2009). Importantly, studies have consistently shown that SES 
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is associated with alterations in inflammation. In a recent meta-analysis, lower income and 

education were associated with higher levels of interleukin-6 (IL-6) and C-reactive protein 

(CRP) in non-clinical samples (Muscatell et al., 2018), and studies assessing other indicators 

of SES show similar relationships (Liu et al., 2017; O’Connor et al., 2009). However, to our 

knowledge, no studies have investigated the link between SES and inflammation in women 

with breast cancer, despite potential relevance for long-term health and well-being in this 

population.

Researchers have begun to examine biobehavioral pathways through which SES may 

influence inflammation, with recent studies focusing on obesity. Obesity, defined as a 

body mass index (BMI) ≥ 30kg/m2, is a risk factor for a range of poor health outcomes 

(James, 2004). Higher BMI is associated with higher levels of inflammatory cytokines 

(e.g., IL-6) (Fantuzzi, 2005) and predicts worse clinical outcomes in women with breast 

cancer, including higher risk for breast cancer recurrence and mortality (Jiralerspong 

& Goodwin, 2016; Picon-Ruiz, Morata-Tarifa, Valle-Goffin, Friedman, & Slingerland, 

2017). Research also indicates that SES is associated with BMI, with lower educational 

attainment and income linked to higher obesity rates among women in the United States 

in non-breast cancer (Drewnowski and Specter, 2004) and breast cancer samples (Cheng 

et al., 2015; Hastert et al., 2016). A few studies have directly tested the mediating role 

of BMI in the association between SES and inflammation and found that BMI mediates 

associations with CRP (Hagger-Johnson et al., 2012; Matthews et al., 2016) and IL-6 (Gallo 

et al., 2012). Of note, researchers have also shown that SES can moderate the effect of 

behavioral interventions, with women of low income showing greater improvements in 

physical function following a physical activity intervention than women of higher income 

(Rogers et al., 2016). Despite evidence showing that there are links between SES, BMI, and 

inflammation, these relationships have not been examined in the breast cancer population. 

Examination of this mechanism may facilitate the identification of modifiable targets to 

improve health outcomes in this population. This is particularly important given that 

education and income are more likely to be fixed indicators of social status for women older 

than age 40, the age at which breast cancer incidence increases (Howlader et al., 2019).

The goal of this study was to examine the association between two key indicators of SES, 

education and income, and markers of inflammation among women recently diagnosed 

with early-stage breast cancer. We focused on women early in the cancer trajectory, after 

diagnosis but prior to onset of adjuvant therapy, to avoid potential confounding effects 

of radiation and chemotherapy on inflammatory processes. Based on previous research 

linking SES and inflammation in other samples, we hypothesized that lower SES would 

be associated with higher levels of inflammation (Muscatell et al., 2018). Furthermore, 

we hypothesized that the relationship between SES and inflammation would be mediated 

by BMI given links between SES and BMI (Hastert et al., 2016) and between BMI and 

inflammatory biology (Choi et al., 2013; Deng et al., 2016).
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2. Material and methods

2.1 Participants

Women were recruited from oncology practices to participate in a longitudinal, 

observational study designed to identify predictors of cancer-related fatigue (RISE study) 

(Bower et al., 2019). Women who were recently diagnosed with Stage 0-IIIA breast cancer 

and had not yet started adjuvant or neoadjuvant therapy with radiation, chemotherapy, or 

endocrine therapy were eligible to participate. Exclusion criteria included diagnosis with 

metastatic breast cancer and initiation of neoadjuvant or adjuvant therapy prior to study 

enrollment. UCLA and Cedars Sinai Medical Center were the primary recruitment sites, 

and the Institutional Review Boards from each site approved the study. The current study 

focused on the initial (i.e., baseline) study visit. Of the 270 women who were recruited to 

participate in the study, 194 women who provided blood samples for immune assessment 

were included in analyses.

2.2 Procedures

Baseline assessments for the RISE study were conducted after diagnosis, but before onset 

of adjuvant or neoadjuvant therapy with radiation, chemotherapy and/or endocrine therapy. 

Trained research staff administered questionnaires, collected blood samples, and measured 

height and weight. Blood draws were scheduled to coincide with clinic visits, when possible, 

and typically took place before noon.

2.3 Measures

2.3.1 Demographics.—Participants self-reported socioeconomic status including 

highest level of educational attainment and annual household income, two key components 

of SES (Adler et al., 1993). Educational categories on the questionnaire included: grade 

school, some high school, high school graduate, vocational or training school after high 

school graduation, some college, associate degree, college graduate, some college or 

professional school after college graduation, completed master’s degree, completed doctoral 

degree. Annual household income categories included: <$15,000, $15,000–30,000, $30,001-

$60,000, $60,001-$100,000, >$100,000. Other demographic characteristics included age, 

race/ethnicity, and marital status.

2.3.2 Disease and treatment-related information.—Medical records were used 

to obtain participants’ breast cancer stage at diagnosis (i.e., Stage 0-IIIA) which was 

determined by the 7th edition of the American Joint Committee on Cancer staging manual. 

Type of surgery received (i.e., lumpectomy, mastectomy) was also determined from medical 

records.

2.3.3 Body mass index.—At study entry, participants’ height and weight were assessed 

to calculate body mass index (BMI). Guidelines specify four BMI categories: underweight 

(i.e., < 18.5kg/m2), normal weight (i.e., 18.5 – 24.9kg/m2), overweight (25.0 – < 29.9 kg/

m2), and obese (i.e., ≥ 30kg/m2) (Centers for Disease Control and Prevention (CDC), 2020).
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2.3.4 Inflammatory Biomarkers.—Blood was collected to assess circulating 

concentrations of inflammatory biomarkers relevant for breast cancer survivorship: IL-6, 

TNF-α, CRP, and sTNF-RII. IL-6 and TNF-α are canonical proinflammatory cytokines 

that play distinct roles in the inflammatory cascade and are each linked with breast cancer 

outcomes. In particular, empirical evidence suggests that IL-6 is a negative prognostic 

marker in breast cancer (Knupfer and Preib, 2007), with studies showing that high 

circulating levels of IL-6 predict shorter survival (Bachelot et al., 2003; Salgado et al., 

2003). Similarly, there is evidence that TNF-α plays a pro-metastatic role in the context 

of breast cancer (Cruceriu et al., 2020; Martínez-Reza et al., 2017). CRP and sTNF-RII 

were also of interest as downstream markers of IL-6 and TNF-α activity. CRP is an acute 

phase protein produced by the liver in response to stimulation by IL-6 (Genest, 2010), and 

sTNFR-II is shed from the cell surface after stimulation by TNF-α (Diez-Ruiz et al., 2009). 

These markers may provide a more accurate and stable representation of the cytokines 

that induce their production than the cytokines themselves. In addition, these markers are 

associated with prognosis and behavioral symptoms in breast cancer. Specifically, CRP is 

associated with breast cancer recurrence (McAndrew et al., 2021) and shorter survival in 

breast cancer survivors (Pierce et al., 2009; Villasenor et al., 2014) and has been linked with 

cancer-related fatigue (Bower et al., 2009; Pertl et al., 2013). Further, studies have shown an 

association between sTNF-II and fatigue in women with breast cancer (Bower et al., 2011, 

2002; Xiao et al., 2017).

Blood samples for biomarkers were collected by venipuncture into EDTA tubes and placed 

on wet ice, and plasma aliquots were prepared and frozen at −80°C prior to batch testing. 

All samples were assayed in duplicate, and an internal quality control sample was included 

on every plate. CRP and sTNF-RII were measured by Human Quantikine ELISA (R& 

D Systems, Minneapolis, MN) according to the manufacturer’s protocols, with some 

modifications. Samples with CRP concentrations above the range of the standard curve 

(25 mg/L) were estimated using extrapolated values. IL-6 and TNF-α were measured in a 

multiplex assay utilizing a V-PLEX Custom Human Cytokine Proinflammatory Panel on the 

Meso Scale Discovery (MSD) electrochemiluminesence platform and Discovery Workbench 

software (MSD, Rockville, MD). For all plasma biomarkers, inter-assay coefficients of 

variation were less than or equal to 10% and mean intra-assay coefficients of variation were 

less than 5%. The distributions for IL-6, CRP, TNF-⍺, and sTNF-RII were skewed; natural 

logs of each inflammatory biomarker were included in all analyses.

2.3.5 Behavioral Symptoms.—Participants completed questionnaires assessing 

behavioral symptoms that have been linked to inflammation, including depressive 

symptoms, perceived stress, and sleep disturbance (Bower et al., 2007; Liu et al., 2012; 

Osimo et al., 2020). The Center for Epidemiologic Studies Depression Scale (CES-D) was 

used to assess depressive symptoms in the past two weeks (Radloff, 1977), the Perceived 

Stress Scale (PSS) was used to assess stress over the past month (Cohen et al., 1983), and 

the Pittsburgh Sleep Quality Index (PSQI) was used to assess subjective sleep quality over 

the past month (Buysse et al., 1991).
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2.3.6 Comorbidities.—Participants completed the Charlson Comorbidity Index, a 

reliable and valid measure, to report precancer medical comorbidities. This questionnaire 

includes various chronic diseases, including asthma, diabetes, and autoimmune disease 

(Katz et al., 1996).

2.3.7 Health Behavior.—Participants reported smoking habits, a health behavior that 

has been linked with SES (Department of Health and Services, 2014) and inflammation 

(O’Connor et al., 2009), as a potential confound. Participants responded to two items 

to indicate lifetime and current smoking behaviors (i.e., “Have you smoked at least 100 

cigarettes in your entire life?”; “Do you smoke now?”).

3. Statistical Analysis

Previous research has shown differences in health outcomes along the SES continuum 

with unique indicators of SES (e.g., occupation, education) (Adler et al., 1994b). Thus, 

we were interested in assessing graded associations between individual indicators of SES 

and levels of inflammation. Levels of education and income were divided into three 

groups of approximately equal size: ‘less than college degree’ (i.e., grade school, high 

school vocational school, some college, associate degree), ‘college degree’ (i.e., college 

degree, some professional school after college graduation), and ‘post-graduate degree’ 

(i.e., completed masters’ degree, completed doctoral degree) for education; ‘<$60K, ‘$60K-

$100K’, and ‘>$100K’ for income.

Bivariate associations between demographic and cancer-specific variables were examined 

using the Pearson correlation coefficient for continuous variables and the χ2 test of 

independence for categorical variables. General linear models (GLMs) were fit to compare 

differences in inflammatory biomarkers among women in the low, middle, and high 

education and income groups.

The PROCESS macro for SPSS (Hayes, 2017) was used to test BMI as a mediator of the 

association between indicators of SES and inflammatory markers. This statistical approach 

examines associations between each independent variable (educational attainment or annual 

income), the mediator (BMI), and the dependent variable (biomarkers of inflammation). 

Regression coefficients correspond to distinct pathways that characterize: 1) the total effect 

of the independent variable on the dependent variable (c path); 2) the direct effect of the 

independent variable on the dependent variable when the mediator is included in the model 

(c’ path); 3) the effect of the independent variable on the mediator (a path); 4) the effect of 

the mediator on the dependent variable (b path); and 5) the indirect effect of the mediator on 

the association between the independent and dependent variables (ab path). The primary test 

of our hypothesis was the significance of the ab path. The PROCESS macro generates 95% 

bootstrap confidence intervals for the indirect effects using 10,000 bootstrap samples. If zero 

is not included in these bootstrap confidence intervals, the indirect effect can be considered 

significant and mediation – by BMI in this study– can be inferred. In each model, ‘less than 

college degree’ was used as the reference group to compare levels of inflammation among 

individuals in the ‘low’ (i.e., less than college degree), ‘middle’ (i.e., college degree), and 

‘high’ (i.e., post-graduate degree) education groups. Similarly, ‘< $60K’ was used as the 
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reference group to compare levels of inflammation among individuals in the ‘low’ (i.e., < 

$60K), ‘middle’ (i.e., $60K-$100K), and ‘high’ (i.e., >$100K) income groups.

Adjusted models controlled for demographic and disease-related factors as potential 

confounds, including race/ethnicity, age, marital status, breast cancer stage, type of 

breast cancer surgery, and smoking status, given potential links with key predictor 

and outcome variables (Knupfer and Preib, 2007; O’Connor et al., 2009). Additional 

models controlled for demographic, disease-related, and behavioral factors, including race/

ethnicity, age, marital status, breast cancer stage, type of breast cancer surgery, smoking 

status, comorbidities, perceived stress, depressive symptoms, and sleep quality. Categorical 

variables were created for race (non-Hispanic White, other race/ethnicity), smoking status 

(current/former, never smoker), surgery type (no surgery, lumpectomy, mastectomy), and 

breast cancer stage at diagnosis (Stage 0/I, Stage II/III), and comorbidities (0, 1, 2, 3). 

Non-Hispanic White, current smoker, no surgery, Stage 0/I, and 0 were the reference groups 

for each of these variables. IBM SPSS Version 25 was used to conduct all analyses.

4. Results

4.1 Demographics, Disease- and Treatment-Related Characteristics

Patient characteristics are shown in Table 1. The average age of women at study enrollment 

was 55.3 years, and approximately 75% of participants were non-Hispanic White. The 

majority of participants were diagnosed with Stage I or Stage II breast cancer and had 

undergone a lumpectomy. A small percentage (9.8%) of women were scheduled to undergo 

neoadjuvant chemotherapy before surgery and thus had not undergone surgery prior to 

enrollment. In addition, the average BMI of participants was 25.4 kg/m2, a score that 

is defined as overweight (Centers for Disease Control and Prevention (CDC), 2020). On 

average, participants reported elevated scores on the PSQI, indicating poor sleep quality 

(Buysse et al., 1988). The average score for depressive symptoms was 13.2, which is below 

the cut off score for clinical depression (Radloff, 1977).

The sample was well-educated on average – 70% had completed college – though there 

was considerable variability in educational attainment, which ranged from grade school to 

completed doctoral degree. Annual household income was relatively high, with over 50% 

reporting an annual income greater than $100,000.

4.2 Associations Between SES and Demographic and Treatment-Related Variables

The two measures of SES, educational attainment and annual household income, were 

significantly positively associated, (χ2(4, N = 191) = 31.98, p < 0.0001). SES variables 

were also associated with demographic, treatment-related, and behavioral characteristics. As 

shown in Table 2, women in the high education or income group generally had lower BMI 

and were less likely to smoke than those in the low SES groups. Women in the middle 

education group also had lower BMI than women in the low education group. Women in 

the high annual household income group were also more likely to be married, though no 

differences in marital status were noted across education groups. Women in the high annual 

household income group reported fewer depressive symptoms and better sleep quality than 
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women in the low annual household income group. However, there were no differences in 

depressive symptoms or sleep across education groups. Age, surgery type, breast cancer 

stage at diagnosis, comorbidities, and perceived stress did not differ across education or 

annual household income groups.

Analyses also indicated significant associations between covariates and inflammatory 

biomarkers. Older age was significantly correlated with higher IL-6, (r(192) = 0.25, p = 

0.001), CRP, (r(192) = 0.21, p = 0.003), TNF-α, (r(192) = 0.29, p < 0.0001), and sTNF-RII, 

(r(192) = 0.37, p < 0.0001). Higher BMI was also significantly correlated with higher levels 

of IL-6, (r(192) = 0.43, p < 0.0001), CRP, (r(192) = 0.52, p < 0.0001), TNF-α, (r(192) = 

0.19, p = 0.01), and sTNF-RII, (r(192) =0.29, p < 0.0001). Women who did not have surgery 

prior to enrollment in the study had significantly lower levels IL-6, TNF-α, and sTNF-RII 

than women who had a mastectomy or lumpectomy (all ps < 0.05). Women with Stage 0 

or I breast cancer had significantly higher levels of TNF-α and sTNF-RII than women who 

were diagnosed with Stage II or III breast cancer (ps <.05), but there was no association 

with IL-6 or CRP (ps > 0.07). Non-Hispanic, White women had significantly higher levels 

of sTNF-RII than women of other races/ethnicities, (b = 0.12, p = 0.02), but there was 

no association with IL-6, CRP, or TNF-α (ps > 0.15). Inflammatory biomarkers were not 

significantly associated with marital status, smoking status, comorbidities, perceived stress, 

depressive symptoms, or sleep quality (ps > 0.13).

4.3 Associations Between SES and Inflammatory Biomarkers

4.3.1 Education—GLMs were fit to test hypotheses about the associations between 

educational attainment and IL-6, CRP, TNF-α, and sTNF-RII. In unadjusted models, there 

were significant differences between education groups in levels of IL-6, (F(2, 191) = 3.16, 

p = 0.04), CRP, (F(2, 191) = 5.88, p = 0.003), and sTNF-RII, (F(2, 191) = 7.41, p = 0.001), 

and a marginally significant difference in TNF-α, (F(2, 191) = 2.91, p = 0.06). Pairwise 

comparisons indicated that participants in the high education group (post-graduate degree) 

had significantly lower levels of IL-6, CRP, TNF-α, and sTNF-RII than participants in 

the low education group (less than college degree). In addition, participants in the middle 

education group (college degree) had lower levels of TNF-α and sTNF-RII (ps <0.05) than 

participants in the low education group. The middle and high education groups did not differ 

significantly in any of the inflammatory biomarkers. However, the high education group had 

lower levels of CRP than the middle education group, and this difference was marginally 

significant (p = 0.05).

In adjusted models controlling for potential confounds (race/ethnicity, age, cancer stage, 

surgery, marital status, smoking status), similar findings were observed with significant 

differences for sTNF-RII, (F(2, 185) = 4.19, p = 0.02), and CRP, (F(2, 185) = 4.72, p 
= 0.01), but not IL-6 or TNF-α (Figure 1). Pairwise comparisons indicated that women 

in the middle education group (college degree) had significantly lower levels of sTNF-

RII than women in the low education group (less than college degree) (p = 0.004). In 

addition, women in the high education group (post-graduate degree) had significantly lower 

levels of CRP than women in the low education group (less than college degree) (p = 

0.003). Models controlling for demographic, disease-related, and behavioral confounds 
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(race/ethnicity, age, cancer stage, surgery, marital status, smoking status, comorbidities, 

perceived stress, depressive symptoms, sleep quality) did not alter associations between 

educational attainment and inflammatory biomarkers. Specifically, there were significant 

differences between education groups in levels of sTNF-RII and CRP, but not IL-6 or TNF-

α. Further, pairwise comparisons indicated similar significant differences between women in 

the middle and low education groups for sTNF-RII and between women in the high and low 

education groups for CRP.

4.3.2 Income—In unadjusted models, income groups differed significantly in levels of 

sTNF-RII, (F(2,188) = 3.19, p = 0.043). Specifically, participants in the high income group 

(>$100K) had lower levels of sTNF-RII than participants in the low income group (<$60K). 

This association was no longer significant in adjusted models controlling for demographic 

and disease-related confounds (Figure 2) or in models controlling for demographic, disease-

related, and behavioral confounds. Income was not significantly associated with IL-6, CRP, 

or TNF-α in adjusted or unadjusted models (ps > 0.21).

4.4 BMI as a Mediator of the Relationship Between SES and Inflammatory Biomarkers

4.4.1 Education—PROCESS models were fit to test indirect effects of BMI on the 

relationships between educational attainment and inflammatory biomarkers, controlling for 

demographic and disease-related confounds (Table 3). Consistent with bivariate analyses 

and with previous research, lower educational attainment was significantly associated with 

higher BMI (a path), and higher BMI was significantly associated with higher levels of IL-6, 

CRP, TNF-α, and sTNF-RII (b paths).

As hypothesized, the mediated effect (ab path) of educational attainment on inflammatory 

biomarkers through BMI was significant. Participants in the high education group (post-

graduate degree) had lower levels of IL-6, CRP, and sTNF-RII through BMI relative to 

participants in the low education group (less than college degree). In addition, participants 

in the middle education group (college degree) had lower levels of IL-6, CRP, and sTNF-RII 

through BMI relative to participants in the low education group (less than college degree). 

Adjusting for demographic, disease-related, and behavioral confounds did not alter the 

associations between educational attainment, BMI, and inflammatory biomarkers.

4.4.2 Income—PROCESS models were fit to test indirect effects of BMI on the 

relationships between annual household income and inflammatory biomarkers, controlling 

for demographic and disease-related confounds (Table 4). The high annual income group 

(> $100K) was significantly associated with lower BMI (a path) relative to the low annual 

income group (<$60K), and higher BMI was significantly associated with higher levels 

of IL-6, CRP, TNF-α, and sTNF-RII (b paths). However, the mediated effect (ab path) of 

annual income on inflammatory biomarkers through BMI was not significant. Adjusting 

for demographic, disease-related, and behavioral confounds did not alter the associations 

between annual household income, BMI, and inflammatory biomarkers.
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5. Discussion

The current study examined the association between SES (operationalized as education or 

income) and inflammation, a known risk factor for poor physical and behavioral health, in 

women with breast cancer. In addition, we tested BMI as a mediator of this relationship. 

Consistent with hypotheses, educational attainment was associated with inflammation such 

that women with college degrees had lower levels of sTNF-RII than women without college 

degrees, and women with post-graduate degrees had lower levels of CRP than women 

without college degrees. In contrast, there were no significant differences in inflammatory 

biomarkers across income groups. The pattern for education is consistent with previous 

literature on SES and health outcomes (i.e., mortality) in women with breast cancer 

(Sprague et al., 2011). Similarly, higher education was associated with lower levels of 

inflammation in healthy samples (Muscatell et al., 2018). Significant associations between 

education and CRP, relative to IL-6 and TNF-α, are also consistent with results from a 

study that examined associations between education and multiple inflammatory biomarkers 

across multiple samples (Maurel et al., 2020). Previous research has also indicated differing 

results between indicators of SES and inflammation such that education, but not income, 

was associated with inflammation in a sample of individuals with hepatocellular carcinoma 

(Cheng et al., 2019). However, to our knowledge, this is the first study to show this 

association in a breast cancer population. These findings are particularly relevant for this 

population because elevated levels of inflammation are associated with worse prognosis, 

higher risk of cancer recurrence, and mortality (Allin et al., 2011; Pierce et al., 2009).

In addition to demonstrating a link between SES and inflammation, we found that BMI 

mediated the association between education and three of the four inflammatory markers 

assessed: IL-6, CRP, and sTNF-RII. Similar findings have been reported in non-cancer 

samples, with BMI mediating the association between indicators of SES and inflammatory 

biomarkers in older adults (Matthews et al., 2016; Pollitt et al., 2009), adolescents (Pietras 

and Goodman, 2013), and pregnant women (Finy and Christian, 2018). The present 

findings extend these results to a breast cancer population and help to elucidate the 

mechanisms through which SES may contribute to disparities in cancer-related outcomes. 

The relationship between BMI and inflammation may be particularly meaningful in this 

population given links between obesity and poor breast cancer-related health outcomes, 

including prognosis and survival (Jiralerspong & Goodwin, 2016; Picon-Ruiz et al., 2017). 

Indeed, a meta-analysis showed that obese women with breast cancer had poorer overall 

and breast cancer-specific survival in comparison to non-obese women with breast cancer 

(Protani et al., 2010). Our findings suggest that obesity is tied to SES and may influence 

health in women with breast cancer through links with inflammation. Thus, higher BMI and 

its socioeconomic determinants may be targets for improving inflammation and, potentially, 

physical health for women of lower SES.

Examination of two indicators of SES is a strength of this study and revealed their 

unique relationships with inflammatory biomarkers. In particular, lower education was 

associated with higher CRP and sTNF-RII whereas household income was not significantly 

associated with any of the four inflammatory markers. In previous research, education 

and income, although correlated, show independent effects on health (Schnittker, 2004). In 
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general, education may reflect individuals’ abilities to navigate various resources (Ross and 

Mirowsky, 1999) whereas income may reflect a lack of material resources to promote health 

(Braveman et al., 2011). In the current sample, women of higher education may be more 

effectively mobilizing resources to engage in positive health behaviors and maintain a lower 

BMI, leading to lower inflammation. Further, low educational attainment is associated with 

low health literacy which can be a hinderance to seeking preventive care and engaging in 

health promoting behaviors (Zonderman et al., 2014). Given that previous research shows 

that lower education is associated with weight gain (Rock et al., 1999), it is possible 

that individuals with low educational attainment may be missing opportunities to obtain 

resources and recommendations from physicians to prevent diseases such as obesity. In 

contrast, nonsignificant effects of income on inflammation suggest that annual household 

income is a weaker predictor of behaviors that influence BMI in this sample. It is also 

possible that links between income, BMI, and inflammation may be more apparent in 

lower income samples, and that our ability to capture links with income was restricted by 

the upper bound of the item ($>100K annual income). In this study, unique associations 

between indicators of SES and inflammation underscore that educational attainment and 

annual household income reflect unique domains of health. Thus, further research is needed 

to identify how distinct components of SES may uniquely affect women’s risk for worse 

breast cancer-related health outcomes and to develop resources to address socioeconomic 

health disparities in this population.

There are several limitations in this study. Given that we examined cross-sectional links 

between SES, BMI, and inflammation, causality cannot be determined. Another limitation 

of this study is the use of BMI as a measure of obesity, which lacks specificity in terms 

of measurement of body fat percentage and visceral fat. There were also limitations 

in the measurement of SES given that participants reported educational attainment and 

annual household income using categories on a questionnaire. Further examination of these 

factors as continuous variables (e.g., years of education, annual household income amount) 

may provide more accuracy in understanding associations between SES and inflammatory 

biomarkers. Although there was variability across indices of SES, participants reported 

relatively high education and income and the majority were non-Hispanic White. Thus, the 

generalizability of findings requires examination in more diverse groups. Indeed, studies 

have shown that there are racial/ethnic differences in indicators of pro-inflammatory activity 

(Martin et al., 2009). Relatedly, race/ethnicity may moderate the association between SES 

and inflammation (Fuller-Rowell et al., 2015), which we were unable to examine in this 

sample. The inclusion of diverse groups is particularly important given that breast cancer 

survival rates are significantly higher in White women relative to Black women (Siegel 

et al., 2019), highlighting the importance of understanding biobehavioral pathways among 

individuals of different racial and ethnic backgrounds.

Overall, results from the current study are largely consistent with research showing that 

lower SES is associated with worse health outcomes for individuals with breast cancer 

(Byers et al., 2008; Sprague et al., 2011) and identify a biological pathway through which 

SES may influence outcomes in this context. Findings underscore the need to identify 

additional malleable pathways through which SES may influence inflammatory biology in 

breast cancer survivors. BMI may be a useful target to improve health outcomes for women 
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with breast cancer by reducing inflammation. In this study, controlling for behavioral 

confounds, including sleep, stress, and depressive symptoms, did not have an impact on 

the relationship between SES and inflammation. This suggests that future research should 

prioritize examination of factors that more directly contribute to BMI in women with breast 

cancer such as physical activity and diet. Several randomized and non-randomized trials 

show that behavioral interventions, ranging two to 18 months in duration, can yield weight 

loss of five percent or greater in breast cancer survivors (Reeves et al., 2014). For example, 

the Women’s Intervention Nutrition Study, a randomized trial, showed that women who 

consumed a low-fat diet had significant weight loss at one and five years and were at a 

lower risk for breast cancer recurrence than women in the control group (Chlebowski et 

al., 2006). Relatedly, empirical evidence shows that exercise with weight loss is associated 

with decreases in pro-inflammatory biomarkers, including TNF-A (Byers and Sedjo, 2011) 

and IL-6 (Byers and Sedjo, 2011; Dethlefsen et al., 2017; Neilson et al., 2009; Pakiz et 

al., 2011). Given that physical activity and dietary behaviors are important contributors of 

BMI, these findings underscore the importance of targeting these factors to improve breast 

cancer-related health outcomes for women of low SES.

Previous studies have aimed to lower BMI in women with breast cancer through exercise 

and dietary changes (Ligibel and Strickler, 2013). However, socioeconomic disparities in 

BMI highlight the need to tailor interventions based on unique socioeconomic-related needs 

(e.g., health-related knowledge). Qualitative research shows that obese women of low SES 

identify costs of maintaining weight-loss practices (e.g., expenses to prepare healthy meals, 

family size) and presentation of health-related information as barriers to weight loss (Coupe 

et al., 2018; Davis et al., 2005). Thus, in order to promote health equity among women with 

breast cancer and survivors, interventions should adapt strategies to modify health behaviors, 

including dietary changes, meal planning, and exercise (Travier et al., 2013), and tailor 

resources (Demark-Wahnefried et al., 2014) to reduce BMI in individuals of lower SES. In 

addition, thoughtful consideration of contextual factors that contribute to obesogenic status 

such as access to healthful food retailers and recreational facilities (Anekwe et al., 2020) is 

needed to sustain health behavior changes. Developing an understanding of biobehavioral 

and contextual characteristics that contribute to higher risk for worse breast cancer prognosis 

and survival may be particularly useful in improving long-term health outcomes for women 

of low SES with breast cancer.
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Figure 1. 
Adjusted mean levels (± SE) of inflammatory biomarkers for women in each education 

group. *Significant difference in levels of inflammatory biomarkers p < 0.05. Note. Non-

natural log transformed values of inflammatory biomarkers are shown; natural log values 

of IL-6, CRP, TNF-α, and sTNF-RII were used in statistical analyses. GLM tests indicated 

significant differences in sTNF-RII and CRP across education groups. Post-hoc analyses 

indicated lower levels of CRP for the Post-grad group relative to the < College group and 

lower levels of sTNF-RII for the College group relative to the < College group. Analyses 

controlled for race/ethnicity, age, marital status, breast cancer stage at diagnosis, surgery, 

and smoking status.
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Figure 2. 
Adjusted mean levels (± SE) of inflammatory biomarkers for women in each annual 

household income group. Note. Non-natural log transformed values of inflammatory 

biomarkers are shown; natural log values of IL-6, CRP, TNF-α, and sTNF-RII were used 

in statistical analyses. GLM tests did not indicate significant differences in inflammatory 

biomarkers across income groups. Analyses controlled for race/ethnicity, age, marital status, 

breast cancer stage at diagnosis, surgery, and smoking status.
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Table 1.

Characteristics of study participants (N=194)

Demographic, Behavioral, and Cancer-Related Characteristics

Age: Mean (SD) [range], years 55.3 (11.2) [27—83]

Race/ethnicity: N (%)

 White, non-Hispanic 139 (71.6)

 Asian 21 (10.8)

 Hispanic 20 (10.3)

 Black 8 (4.1)

 Other 6 (3.1)

Marital Status: N (%)

 Married/Living as married 126 (64.9)

 Divorced/separated 33 (17.0

 Widowed 8 (4.1)

 Single (never married) 27 (13.9)

Educational Attainment: N (%)

 Less than college 57 (29.4)

 College degree 76 (39.2)

 Post-graduate degree 61 (31.4)

Annual Household Income: N (%)

 ≤ $60,000 48 (24.7)

 $60,001–$100,000 40 (20.6)

 ≥$100,000 103 (53.1)

Smoking Status: N (%)

 Smoked 62 (32.0)

 Never Smoked 132 (68.0)

Depressive Symptoms (CES-D): Mean (SD) 13.2 (10.3)

Perceived Stress Scale (PSS): Mean (SD) 15.5 (6.7)

Sleep Quality (PSQI): Mean (SD) 7.53 (4.1)

Charlson Comorbidity Index: Mean (SD) 0.25 (0.6)

Cancer Stage: N (%)

 0 25 (12.9)

 I 90 (46.4)

 II 49 (25.3)

 IIIA 7 (3.6)

 Indeterminable (neoadjuvant or missing pathological 
information)

19 (9.8)

Surgery type: N (%)

 No surgery prior to enrollment 19 (9.8)

 Lumpectomy 116 (59.8)
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Demographic, Behavioral, and Cancer-Related Characteristics

 Mastectomy 59 (30.4)

BMI: Mean (SD) [range], kg/m2 25.4 (5.8) [14.9—45.6]

Categories of BMI: N (%)

 Underweight (<18.5 kg/m2) 10 (5.2)

 Normal (18.5 to <25 kg/m2) 97 (50.0)

 Overweight (25 to <30 kg/m2) 52 (26.8)

 Obese (>30 kg/m2) 35 (18.0)

Inflammatory Biomarkers: Median (25th, 75th percentile)

 IL-6, pg/mL 0.6 (0.4, 1.0)

 CRP, mg/L 1.5 (0.6, 3.8)

 TNF-α, pg/mL 1.90 (1.6, 2.4)

 sTNF-RII, pg/mL 1973 (1606, 2479)

Note. Data for breast cancer stage at diagnosis were unavailable for four participants.

Note. Income data were unavailable for three participants.

Abbreviations. BMI = body mass index. IL = interleukin. CRP = C-reactive protein. TNF-α = tumor necrosis factor alpha. sTNF-RII = soluble 
tumor necrosis factor receptor II.
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