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Abstract

Study objective: To examine the associations of education and income and blood pressure (BP) 

in a socioeconomically diverse cohort of African-American (AA) women attending community BP 

screenings.

Design, setting, and participants: This cross-sectional analysis used data from AA women 

(n = 972) 53 ± 14 years, enrolled between 2015 and 2019 in the 10,000-women hypertension 

community screening project in the metropolitan Atlanta area. OLS linear regression were used 

to examine the associations between SES (education and income) and BP after adjusting for age, 

body mass index (BMI), smoking, and lipids.

Main outcomes and measures: Outcomes were systolic and diastolic BP (SBP, DBP). 

Measures of SES included education [high school ≤(HS), some college, and ≥college] and 

income-[<$24,000, $24,000–<$48,000, $48,000–$96,000, and ≥$96,000]. Sociodemographics, 

health history, anthropometrics and point of care non-fasting lipids were obtained.
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Results: Compared to women earning <$24,000, an income of ≥$96,000 (β = −5.7 mmHg, 

95% CI: −9.9, −1.5, p = .01) was associated with a lower SBP in the minimally adjusted model. 

Subsequent adjustment for cardiovascular risk factors attenuated the association and was no longer 

significant. College and above versus ≤HS education was associated with a higher DBP in the 

minimally (ß = 2.7 mmHg, 95% CI: 0.2, 5.2, p = .03) and fully adjusted models (ß = 3.4 mmHg, 

95% CI: 0.2, 6.5, p = .04).

Conclusion: Income of ≥$96,000 was associated with a lower SBP while a college and 

above education was associated with a higher DBP. Findings underscore the need for increased 

cardiovascular risk awareness and education targeting higher SES AA women attending 

community BP screenings.
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1. Introduction

Hypertension (HTN) is recognized as a major risk factor for cardiovascular disease (CVD) 

and affects approximately 121 million adults in the United States [1]. Moreover, striking 

disparities by race and sex exist in the diagnosis and management of HTN, especially among 

African American women [2,3]. According to NHANES 2015–2018 data, the prevalence 

of HTN in African American women 20 years and older exceed both non-Hispanic White 

and Hispanic women, respectively (51%, 40.8%, 57.6%) [1]. African American women also 

have a higher prevalence of comorbidities such as obesity, diabetes, and chronic kidney 

disease [1,3–5], are less likely to engage in health behaviors that reduce CVD risk [6], and 

are less likely to be aware of HTN as a heart disease risk factor [7]. Furthermore, this group 

is more likely to experience socioeconomic adversity compared to white women [8–10]; 

even so, higher socioeconomic status (SES) African American women are less likely to 

experience health gains from their socioeconomic resources compared to white women of 

similar or equal SES [11–13].

Multilevel strategies such as community health screenings are considered a critical and 

viable solution to increase awareness, assessment, and detection of various comorbid 

conditions such as HTN, cancer, and HIV [14–16]. Community health screenings targeting 

cardiovascular health provide an opportunity to increase the detection of HTN and 

educate at-risk groups on factors such as blood pressure (BP), cholesterol, diabetes, poor 

diet, obesity, and physical activity [17,18]. Additionally, they provide access to care 

for those who may not seek or have established medical care and offer an avenue for 

strategic partnerships with faith-based, civic, and community organizations fostering health 

promotion [18–20]. Although studies have documented the impact of various community 

health interventions targeting cardiovascular health among African American women 

[14,21,22], less is known regarding the relationship between SES and BP outcomes among 

its attendees.

Although there is robust evidence supporting a heightened risk for adverse CVD outcomes 

between low versus high SES groups [23,24], this risk is considered unequal for African 
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American adults relative to White adults [12,25]. For example, Wendell and colleagues 

found that among African American women, high versus low SES was associated with 

greater subclinical CVD in the form of carotid intima media thickness and arterial 

stiffness, a pattern that was absent among White women [26]. These compelling findings 

underscore the significance and clinical implications of underestimating CVD risk and 

its deleterious consequences on cardiovascular health among high SES African American 

women. Additional investigation of individual SES measures and their association with 

BP may provide a better understanding of which subgroups are at greatest risk for poor 

cardiovascular health outcomes.

The purpose of the current analysis was to examine the associations of SES, education 

and income, and BP in African American women attending community BP screenings. 

Since prior studies have primarily focused on the efficacy and impact of BP reduction 

interventions [27–29], we were especially interested in examining whether the association 

between SES and BP would be different for high (versus low) SES women. While higher 

SES is generally associated with better health [13,23], extant literature suggests the SES-

health gradient among higher SES African Americans is weaker or absent [25,30–32]. Thus, 

we hypothesized that the magnitude of association between SES and BP outcomes would be 

different and stronger for low versus high SES African American women.

2. Methods

2.1. Study population

Participants were African American women 18–92 years of age enrolled in the ongoing 

10,000 Women HTN project which aims to screen 10,000 African American women for 

CVD risk factors in the metro Atlanta and surrounding communities. Participants were 

recruited and enrolled from various screening events held in conjunction with African 

American churches and community organizations. The current study focused on data from 

2015 to 2019. A total of 972 participants were enrolled. Of these, 111 participants were 

excluded due to missing data on age, income, education, and BP variables leaving an 

analytic sample of 861 participants. Women were eligible if they self-identified as African 

American/Black, 18 years of age and older, and were English speaking. All participants 

provided written informed consent. The study was approved by the Institutional Review 

Board (IRB) at Emory University.

2.2. Procedures

All study measures were obtained by trained clinical staff and project volunteers and 

included sociodemographic data, height, weight, body mass index (BMI), systolic and 

diastolic blood pressure (SBP, DBP), and lipid assays. Sociodemographic variables were 

collected via self-reported questionnaires, or if required, by an interview by the study staff.

Outcome
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2.3. Blood pressure

SBP and DBP were measured with participants in a seated position after resting for 5 min, 

using automated BP monitors (Omron series 10) by experienced and trained personnel. 

BP was analyzed as a continuous outcome in the regression models and categorized as 

follows: 1) normotensive: <120/80 mmHg; 2) elevated: −120–129/<80 mmHg; 3) stage 1: 

130–139/<90 mmHg; 4) stage 2: ≥140 or ≥90 mmHg; and 4) Hypertensive crisis defined as 

SBP > 180 &/or DBP >120 mmHg for descriptive purposes based on the 2017 American 

College of Cardiology and American Heart Association Blood Pressure Guidelines [33]. 

Women with a BP ≥160/90 mmHg during the screening event had their BP re-taken after 

a 5-min rest period and if their BP remained elevated, they were examined by medical 

volunteers and referred for primary care follow-up.

2.4. Measures

2.4.1. Socioeconomic status—SES was measured using self-reported highest 

education level and annual household family income. Guided by the 2015 US Census 

poverty threshold [34], household family income categories were: <$24,000 (n = 189), 

$24,000–$47,999 (n = 231), $48,000–$96,000 (n = 311), and above $96,000 (n = 130). 

Education level was defined as the highest grade or year of school completed and divided 

into three categories: high school or less (n = 123), some college (n = 212), and college & 

above (n = 526).

2.4.2. Other measures—Demographic measures included age determined by 

participants date of birth, and health insurance ascertained by self-report and coded (0 = 

no, 1 = yes). Height was obtained via self-report, body weight was obtained via self-report 

from women that had reported completing a physical assessment by their provider within the 

current week or measured by having participants stand on a scale, and BMI was calculated 

as measured weight in kilograms divided by height in meters squared (kg/m2). Blood 

pressure medication use was ascertained by self-report and coded (0 = no, 1 = yes). Reported 

comorbidities coded (0 = no, 1 = yes) were determined by asking participants if they had 

ever been told or had a history of CVD (including history of myocardial infarction [MI], 

stroke), or diabetes. A comorbid categorical variable was computed by summing the ‘yes’ 

responses.

Lipid profiles were obtained via finger stick and collected via pipette using valid and reliable 

point of care testing (Cholestech LDX Analyzer/Alere), and included total cholesterol, 

high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), 

and triglycerides.

2.5. Statistical analysis

Characteristics of the study population were examined by calculating the means for 

continuous variables and proportions for categorical variables by BP categories. Significance 

testing was performed using Analysis of Variance (ANOVA) between continuous variables 

and chi-square tests for categorical variables. Separate multivariable models using Ordinary 

Least Square (OLS) linear regression were constructed to examine the relationships between 

SES measures of education level and household income, and continuous BP outcomes (SBP 
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and DBP) separately, while adjusting for possible confounders. Models were sequentially 

adjusted for: (model 1) age and health insurance; (model 2) model 1 + CV risk factors 

including BMI, comorbidities, smoking and BP meds; and (model 3) model 2 + clinical 

factors including lipids (total cholesterol, triglycerides, HDL-C, and LDL-C).

We conducted exploratory analyses to determine whether the estimates between SES and BP 

differed based on reported BP medication use. Statistical significance was defined a priori as 

a two-sided P-value of <0.05. All statistical analyses were conducted using STATA, version 

SE 16.0 (StataCorp LP: College Station, TX, USA) software.

3. Results

Descriptive statistics and variable distribution of participants attending the 10,000 women 

HTN screening project are presented in Table 1. The median age of the sample was 53 

± 14 years with 41% of women classified as having stage 2 HTN. Participants were 

socioeconomically diverse with 61% of women reporting a college and above education. 

Across educational level, women with a college and above education had the highest 

proportion of ‘Elevated’, ‘Stage 1’, and ‘Stage 2’ HTN. Women reporting annual household 

incomes of $24,000–$47,999 and $48,000–$96,000 had the highest proportion of ‘Elevated’, 

‘Stage 1’, and ‘Stage 2’ HTN, and most women had health insurance.

The overall mean SBP and DBP were 133 ± 19.8 mmHg and 83 ± 12.1 mmHg, respectively. 

The mean BMI was 32 ± 7.2 and was highest among women with stage 2 HTN. Majority 

of the cohort were non-smokers, and few reported taking antihypertensive medications. Total 

cholesterol and LDL-C were highest among women with stage 1 and 2 HTN, and severe 

HTN. There were no significant differences between mean HDL-C and triglycerides across 

the BP groups. Of the self-reported comorbidities, diabetes was higher particularly among 

women with stage 1, stage 2 HTN and severe HTN compared to those with normal BP.

3.1. Relationship between education level and household income with systolic blood 
pressure

We first examined the relationship between two SES variables, education level and income, 

and SBP measurement at the time of the screening event. Linear regression models for 

the association between individual measures of SES (education level and income) and SBP 

are presented in (Table 2). In the minimally adjusted (model 1), including age and health 

insurance, educational level was not a significant predictor of SBP. Adjustment of additional 

CV risk factors including smoking, BP medication use, BMI, comorbidities (model 2), and 

lipids (model 3), demonstrated that education remained nonsignificant.

After adjusting for age and health insurance (model 1), women reporting a household 

income of >$96,000 compared to those earning <$24,000, had a lower mean SBP (β = 

−5.7 mmHg (95%CI: −9.9, −1.5). Likewise, household incomes of $24,000–$47,999 and 

$48,000–<$96,000 were also inversely associated with SBP (ß = −0.92 mmHg [95%CI: 

−4.5, 2.7]), (ß = −0.83 mmHg [95%CI: −4.3, 2.6]), although the association was not 

significant. Subsequent adjustment for CV risk factors (model 2) attenuated the association 

among women earning $>96,000 and was no longer significant. In the fully adjusted model 
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including lipids (model 3), none of the income categories were significant predictors of 

SBP. However, compared to women earning <$24,000, women earning $24,000-$ < $48,000 

and $48,000–$96,000 had a higher mean SBP (ß = 1.2 mmHg [95%CI: −3.2, 5.6]), (ß = 

2.5 mmHg [95%CI: −1.7, 6.7]) although the association was not significant. The adjusted 

mean of SBP across all income categories was also highest among women earning $48,000–

$96,000 relative to those in the lower and highest (>$96,000) income categories (Fig. 1).

3.2. Relationship between education level and income and diastolic blood pressure

The regression coefficients for the association between education level, income, and DBP 

are presented in (Table 3). In the minimally adjusted model for age and health insurance, 

education level was not associated with DBP (model 1). After adjusting for CV risk factors 

(model 2) those with some college (ß = 2.8 mmHg [95% CI: 0.12, 5.5]) and college and 

higher education levels (ß = 2.7 mmHg [95% CI: 0.23, 5.2]) had a higher DBP compared 

to those with a HS or less education. This association persisted for those in the college 

and higher education group (ß = 3.4 mmHg [95% CI: 0.23, 6.5]) but was attenuated and 

no longer significant among women with some college education (model 3). Conversely, 

there was no significant association between income and DBP (models 1–3). Although not 

significant, effect sizes between income and DBP were slightly larger for women earning 

$48,000–$96,000 compared to women with incomes of $24,000–< $48,000 per year.

Exploratory analyses stratified by women taking BP medications are shown in Tables 4 and 

5. In the minimal and subsequently adjusted models, education level was not associated 

with SBP or DBP with smaller effect sizes compared to the full cohort. Income was also 

not associated with SBP or DBP; however, estimates for SBP were larger for each income 

category and most pronounced for women earning $48,000–$96,000 for both SBP and DBP.

4. Discussion

In this cross-sectional study of African American women participating in community BP 

screenings, we evaluated the associations between measures of SES and BP. Higher income 

was associated with lower SBP, while higher education was associated with higher DBP. 

Contrary to our study hypothesis, we found a stronger association between moderately 

higher income, $48,000–$96,000, and higher SBP and DBP that was smaller among 

women earning less although not significant. The results of this study suggest that other 

important factors merit additional study to better elucidate potential mechanisms that may 

underlie and explain the SES-BP association among African American women higher on the 

socioeconomic strata.

Due to the paucity of empirical studies focusing on intra-racial socioeconomic disparities 

and cardiovascular health outcomes in African American populations [32,35], less is 

known regarding the differential SES-BP patterns among African American women. To 

our knowledge, this is the first study to characterize and examine SES and BP in a 

large community cohort of middle-aged African American women attending community 

BP screenings. Findings from this study contribute to an existing literature that has 

largely focused on the efficacy of interventions targeting cardiovascular health across 
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various domains including lifestyle changes, BP control, education awareness, and screening 

evaluations in community settings [14,27,29,36].

Consistent with a prior study that identified an absence of protective effects associated with 

both higher income and educational attainment on SBP for African American adults [37], 

our findings did not show a lower SBP among women reporting a moderately higher income 

range of $48,000–$96,000/year. Although we did not observe a statistically significant 

association, the magnitude of the estimates between income and SBP as well as DBP was 

strongest for women earning $48,000–$96,000 in both the primary analysis and stratified 

analysis of self-reported BP medication use. Further, this group also had the highest SBP 

after adjusting for potent CV risk factors compared to women reporting household income 

earnings in the highest group (>$96,000), which had the lowest SBP. Our findings are 

comparable to results that showed upper middle income, defined as > than 1.5 but < than 

3.5 times the poverty level with no absolute income values reported, was associated with 

a greater risk of HTN while affluent income, 3.5 times the poverty level, was protective 

against HTN in a cohort of African American adults [35]. Likewise, we found after 

accounting for CV risk factors and lipids, women with a college and above education had 

an elevated DBP compared to women with lower education levels. Unlike a prior study that 

showed a lower odds of HTN among African American adults with a college and above 

education relative to those with a HS or less education [32], our findings did not reflect this 

pattern. Given the established SES-CV health gradient, [24,38–40] we expected BP levels to 

be inversely related to higher SES in this cohort.

One potential explanation for our observed findings may be due to a greater proportion 

of women with a college and above education and household income range of $48,000–

$96,000/year that were classified as having Stage 1 and 2 HTN. Despite possessing greater 

economic resources which are considered to provide some health protections, upwardly 

mobile African American women are considered unexempt from the economic and social 

stressors that are associated with race and gender [35,41]. Stressors such as goal striving 

stress, discrimination, social isolation, lack of social connections to successfully aid in 

career elevation, providing economic assistance to family members, and experiencing the 

“ceiling effect” for professional success are considered pervasive among upwardly mobile 

African American women [42–44]. Additionally, high SES African Americans are more 

likely to be employed in less racially diverse occupations, thus increasing their vulnerability 

to perceived workplace discrimination resulting in undesirable psychological and physical 

health outcomes including heightened cardiovascular reactivity [45,46]. Future studies are 

needed to examine the potential mediating role of these stressors in addition to health 

behaviors which may explain the differential association between SES and BP among higher 

SES African American women.

Another potential explanation for our observed findings may be due to the Diminished 

Returns of economic resources. The Diminished Returns’ hypothesis posits that minorities 

experience reduced health benefits and protections compared to whites despite possessing 

similar socioeconomic resources [12,31,47,48]. Research in support of this perspective 

suggests that health differences between African American and White adults are greatest 

at the highest levels of SES with White populations benefitting more from higher SES 
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indicators of education, income, and occupational status [25,31,49]. Because few studies 

have examined or reported the association between higher SES and HTN among African 

Americans [32,35], an income threshold that confers protective health benefits against HTN 

has yet to be established and warrants additional study. Researchers have argued these 

differences may also be due to the structural racism that is embedded in American society 

resulting in maximization of SES benefits for Whites, while minimizing the same benefits 

for African American populations and other racial/ethnic minority groups [31]’ [49–51]. 

Further exploration of contextual factors such as discrimination and chronic stressors in 

addition to other measures of SES [52], including neighborhood SES (i.e. county, census 

tract, block group) [53], neighborhood social vulnerability index [54] occupation status, and 

employment type, between African American and White women of both low and high SES 

are needed to fully evaluate these associations over time to identify potential patterns.

This study has several strengths which includes a large socioeconomically diverse cohort 

of African American women representing various ages. Unlike prior studies with an 

overrepresentation of lower SES women, most of the women reported higher education 

levels and represented a diverse income range in this cohort. There are few studies that have 

examined and reported the relationships between SES and BP outcomes in an intra-racial 

cohort of African American women. Examination of education level and household income 

with BP outcomes provides an opportunity to assess which SES indicators have a greater 

impact on cardiovascular health by SES among African American women.

5. Study limitations

There are several limitations that must be acknowledged. This was a cross-sectional 

study so causality cannot be determined, however future studies are needed to examine 

the longitudinal association between SES measures and BP outcomes. BP was only 

measured during the screening event and not taken at multiple visits, nor was ambulatory 

home BP monitoring utilized, increasing the likelihood of inaccurately misclassifying 

women as hypertensive. To facilitate the efficiency of the community screenings, BP 

was measured once as opposed to recording the mean of three BP readings. Height and 

weight were self-reported in some participants and therefore increases the likelihood of an 

imprecise assessment of BMI. Despite women being asked if they were currently taking 

BP medications, BP medication adherence or compliance was not assessed in the parent 

study and may have had an impact on their BP on the day of the screening. Findings 

may not be generalizable to African American women residing in other geographical 

regions. Household income data was self-reported which introduces bias in the form of 

over-or-under-reporting. Unlike education level, income was least likely to be reported by 

participants which could be the result of fear of judgement or hesitancy to provide such 

personal information due to concerns of privacy. Additionally, we were unable to examine 

and compare these associations across other racial/ethnic groups since this was not an 

objective of the parent study. Psychosocial stressors or additional measures of SES including 

wealth, neighborhood SES, and occupation were not measured, and therefore their impact 

on BP was not examined in this cohort. Lastly, although there was a broad representation of 

ages, most of the participants were middle age (>50 years old), which limits our knowledge 

regarding the impact of SES on cardiovascular health in younger and early middle age 
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African American women, a group which is also experiencing increasing rates of CVD 

[3,55–57].

6. Conclusion

In this sociodemographic diverse cohort of African American women, an income of $96,000 

and above was associated with a lower SBP, while moderately higher income range of 

$48,000–$96,000 was associated with elevated SBP; furthermore, a college and above 

education was associated with a higher DBP. The findings from this study underscore the 

importance of increased cardiovascular risk assessment, awareness, and education that also 

targets higher SES African American women. Future empirical investigations are needed 

that expand to include environmental stressors and white as well as Hispanic women to 

more comprehensively evaluate the potential mechanisms that may underlie and explain the 

differential SES-BP gradient in African American women.
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Fig. 1. 
Values are means and error bars represent confidence intervals.
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