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Abstract

Introduction—Considering the joint association of neighborhood socioeconomic environment 

and individual-level health behaviors with health outcomes may help officials design effective 

disease prevention strategies. Herein, the joint influences of neighborhood socioeconomic 

environment and individual health behaviors on mortality are evaluated in a cohort primarily 

comprising persons with low individual-level SES.

Methods—The prospective Southern Community Cohort Study includes 77,896 white and 

African Americans recruited in the years 2002–2009; 55% of participants had a household income 

<$15,000 at baseline interview. Mortality from cancer (n=2,471), cardiovascular diseases 

(n=3,005), and all-causes (n=10,099) was identified from the National Death Index through 

December 31, 2013 (median follow-up, 8 years). Data were analyzed in the years 2016 and 2017. 

Associations were assessed between mortality, a neighborhood deprivation index composed of 11 

census tract-level variables, five health behaviors, and a composite healthy lifestyle score.

Results—Living in a neighborhood with the greatest socioeconomic disadvantage was associated 

with higher all-cause mortality in both men (hazard ratio=1.41, 95% CI=1.27, 1.57) and women 

(hazard ratio=1.77, 95% CI=1.57, 2.00). Associations were attenuated after adjustment for 

individual-level SES and major risk factors (hazard ratio for men=1.09, 95% CI=0.98, 1.22, and 
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hazard ratio for women=1.26, 95% CI=1.12, 1.42). The dose–response association between 

neighborhood disadvantage and mortality was less apparent among smokers. Nevertheless, 

individuals who lived in disadvantaged neighborhoods and had the unhealthiest lifestyle scores 

also experienced the highest mortality.

Conclusions—Disadvantaged neighborhood socioeconomic environments are associated with 

increased mortality in a cohort of individuals of low SES. Positive individual-level health 

behaviors may help negate the adverse effect of neighborhood disadvantage on mortality.

INTRODUCTION

Epidemiologic studies report associations between disadvantaged neighborhood 

socioeconomic environments and mortality.1–7 The relations between neighborhood 

socioeconomic environment and individual-level health outcomes may reflect correlations 

with individual-level SES, residents’ self-selection into neighborhoods, influences on 

resident health behaviors, access to health care, or the social environment, including 

neighborhood violence.8 Studies show residents of disadvantaged neighborhood 

socioeconomic environments report that they have less social support9 and their 

neighborhoods have lower social capital,10 both of which are associated with higher 

mortality.11–13 Proposed mechanisms by which neighborhoods may affect health behaviors 

include the influence of social and cultural norms around health behaviors; the ease of 

access to alcohol, energy-dense foods, and tobacco; and the level of difficulty in engaging in 

outdoor physical activity.14–18

Few published studies have evaluated potential interactions between neighborhood 

socioeconomic environment and individual-level health behaviors in association with 

mortality. Previous studies conducted using data from the NIH-AARP Diet and Health Study 

found the association between neighborhood socioeconomic environment and mortality is 

not modified by smoking status or consumption of red or processed meat.19,20 No previous 

study has evaluated the combined influence of health behaviors and neighborhood 

socioeconomic environment on mortality, in African American or socioeconomically 

disadvantaged populations. Considering the joint influence of neighborhood socioeconomic 

environment and individual-level health behavior on health may help health officials design 

effective disease prevention strategies to reduce mortality.

The Southern Community Cohort Study (SCCS) provides a unique opportunity to evaluate 

associations between neighborhood socioeconomic environment, individual-level health 

behavior, and mortality in a racially diverse low-SES population. A previous SCCS 

publication reported higher mortality associated with low individual SES and disadvantaged 

neighborhood socioeconomic environment.21 Herein, the mortality follow-up time is 

expanded, increasing the numbers of deaths by more than 65%, and the joint associations of 

neighborhood disadvantage with five behavioral (and one composite) health indicators on 

mortality is assessed.
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METHODS

Study Population

Data available for analysis arise from 84,514 adults enrolled in the previously described 

prospective SCCS.22,23 Participants were eligible for enrollment if they were aged 40–79 

years, English-speaking, and were not under treatment for cancer within the past year. 

Participants were recruited during 2002–2009, primarily from community health centers24 

(86%) where trained interviewers collected information on lifestyle factors and 

demographics. The remaining cohort was enrolled using an identical mailed questionnaire 

sent to stratified random samples of residents in the same states. The SCCS was approved by 

IRBs at Vanderbilt University and Meharry Medical College. All participants provided 

written informed consent.

Measures

Vital status was obtained via linkage to the Social Security Administration’s Death Master 

File. Cause of death was ascertained from the National Death Index through December 31, 

2013. Causes of death were grouped according to ICD-10 codes and were classified as 

cardiovascular diseases (CVD) (I00–I69), cancer (C00–C97), and all other-causes excluding 

CVD, cancer, and external causes, including accidents and injuries (deaths with codes 

beginning with the letter V, W, X or Y).

The previously developed neighborhood deprivation index variable21,25 was used as a 

measure of neighborhood socioeconomic environment. Briefly, the index was constructed 

through principal components analysis and incorporates 11 census tract-level variables that 

capture five domains including education, employment, housing, occupation, and poverty, 

described in more detail in Appendix Table 1 and a previous publication.21 The variables 

were obtained from 2000 U.S. Census data26 and linked to the geographic coordinates of 

participant’s residential address.27

Joint associations were evaluated between neighborhood socioeconomic environment and 

self-reported health behaviors at cohort entry for smoking status, alcohol intake, physical 

activity, sedentary behavior, diet quality, and a healthy lifestyle variable. For each 

participant, the healthy lifestyle score was created by counting and summing (0–4) the 

number of current public health guidelines followed by the participant for: alcohol intake, 

physical activity, sedentary behavior, and diet quality (Appendix Table 2).28–30 These 

behaviors were chosen due to their strong established associations with risk of premature 

death. Detailed information on health behavior ascertainment and variable categorization in 

statistical models can be found in Appendix Methods.

Statistical Analysis

Frequency distributions of participant characteristics were tabulated for the total sample and 

stratified by sex and race. Hazard ratios and 95% CIs were estimated using Cox proportional 

hazard models for the association between neighborhood deprivation index and mortality 

with age as the time scale. Cox models included robust variances based on the sandwich 

estimator to account for the potential of non-independence between participants because of 
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clustering within census tracts. Entry time was defined as age at baseline interview and exit 

time as age at death or December 31, 2013, whichever came first.31 Comparison groups for 

the neighborhood deprivation index were created by dividing participants into quartiles 

based on the distribution of neighborhood deprivation index values of all census tracts in the 

12 states that encompass the SCCS recruitment area. As expected by study design, a large 

number of SCCS participants fell in the quartile group for the most deprived neighborhood 

deprivation index. The joint associations of neighborhood deprivation index with five health 

behaviors and a healthy lifestyle score on all-cause mortality were evaluated. The behavioral 

variables were categorized as follows: smoking status (never, former, current smoker of <20 

years or <20 cigarettes/day, current smoker of ≥20 years and ≥20 cigarettes/day), alcohol 

intake (non-drinker, moderate drinker, heavy drinker), physical activity (sex-specific 

tertiles), sedentary behavior (tertiles), and Healthy Eating Index diet quality (quartiles). 

Participants with missing Healthy Eating Index data (n=4,061) were set to the race, sex, and 

smoking status-specific medians. Statistical models were stratified by birth year (categorized 

into 10-year age groups) and adjusted for the following variables selected a priori: 

enrollment source, race, education, income, marital status, and insurance status. Missing 

covariate data were set to the race and sex-specific medians (mode for marital status and 

insurance status). Sample sizes for participants missing covariate data are as follows: 

education n=243, household income n=239, marital status n=347, and insurance coverage 

n=47. Analyses were conducted separately by sex because the association between lower 

neighborhood deprivation index and poorer mortality outcome was stronger in women (p for 

interaction=0.02). P‐values for trend tests were calculated using an ordinal variable 

representing neighborhood deprivation index quartiles in the model. The proportional 

hazards assumption was evaluated graphically and considered met. Interactions between 

neighborhood deprivation index X factors of interest were assessed by likelihood ratio tests 

to compare main effects models with and without the addition of cross-product terms. 

Statistical analyses were performed using SAS statistical software, version 9.4. Data analysis 

was conducted in the years 2016 and 2017.

RESULTS

Participants with <1 year of follow-up time (n=364) and those missing data on neighborhood 

deprivation index (n=1,223), smoking status (n=2,085), alcohol intake (n=2,933), physical 

activity (n=3,086), and sedentary behavior (n=2,535) were excluded from analysis. Data 

from 77,896 SCCS participants were available for analysis after these, not mutually 

exclusive, exclusions.

The majority of the cohort was African American, had household income <$15,000 at 

baseline, and did not have educational attainment beyond high school (Table 1). In 

comparisons with women, men were more likely to be current smokers, heavy drinkers, and 

have met the public health recommendation for physical activity.

The range of neighborhood deprivation index values was wider, and on average more 

disadvantaged for African American participants than white participants (interquartile range, 

African Americans, 1.65, whites, 0.99). The median neighborhood deprivation index value 

for African American men (1.11) was higher than the median neighborhood deprivation 
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index value for African American women (0.92), suggesting more socioeconomically 

disadvantaged neighborhood conditions for African American male participants. Men and 

women participants of white descent tended to live in neighborhoods with similar 

neighborhood deprivation index scores (median, white men, −0.11, white women, −0.12).

Individuals with neighborhood deprivation index values that indicated greater neighborhood 

disadvantage were at higher risk of death (Table 2), with stronger associations among 

women than men. Sex-specific associations were more evident in African Americans than in 

white participants. The higher risk associated with higher neighborhood deprivation index 

was attenuated after adjustment for individual-level SES variables, particularly among men 

and white women. Hazard ratios for the associations between neighborhood deprivation 

index and mortality were largely unchanged with additional adjustment for individual health 

behaviors. However, all covariates included in statistical models (potential confounders, 

individual-level SES, and health behavior variables) were associated with mortality at 

statistical significance p<0.05. There was no statistical differences in the associations 

between neighborhood deprivation index and all-cause mortality in African Americans and 

whites (p-interaction=0.58 in men and p-interaction=0.38 in women). Among men, point 

estimates were similar for the associations of neighborhood deprivation index with CVD, 

cancer, and all other non-external causes of mortality, however, CIs were wider due to 

smaller sample sizes (Appendix Table 3). In women, stronger significant trends with were 

observed for associations between neighborhood deprivation index with CVD and other-

cause mortality than for cancer.

Participants with values in the quartile for least deprived neighborhood index tended to have 

higher (better) diet quality scores, were more likely to meet the physical activity 

recommendation and less likely to be current smokers (Appendix Table 4). Notably, the 

majority (60%) of men falling in the quartile for highest neighborhood deprivation index 

were current smokers compared with 35% of the men falling in the quartile for lowest 

neighborhood deprivation index. In general, the patterns observed between the deprivation 

index and all-cause mortality tended to hold within strata of the behavioral variables, 

although some significant interactions were observed. Specifically, weaker trends in current 

smokers, especially heavy smokers (Figure 1 and Appendix Table 5), and stronger trends in 

both female heavy alcohol drinkers (p-interaction=0.03), and less physically active men (p-

interaction=0.001). The association between neighborhood deprivation index and all-cause 

mortality was consistent in each strata of the healthy lifestyle variable, where participants 

who exhibited fewer healthy behaviors and resided in neighborhoods with more deprived 

neighborhood deprivation index values were at the highest risk of death (Appendix Tables 6–

9).

DISCUSSION

This cohort study demonstrates an independent association between residing in a 

disadvantaged neighborhood socioeconomic environment and higher mortality in low-SES 

Americans. The association remains after adjustment for individual-level SES and 

individual-level health behaviors. Previous studies also report that neighborhood-level 

socioeconomic factors are associated with increased mortality.1–7,32 In the current study, the 
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association between disadvantaged neighborhood socioeconomic environment and mortality 

was stronger in women than men, particularly for non-cancer mortality. The reasons for a 

stronger association in women than men are unclear. However, it is likely that the sex 

differences in the association may be partially explained by differences in neighborhood 

characteristics, reliance on their neighborhood for healthful resources (outdoor activity), or 

coping strategies in relation to neighborhood-related stressors. Most studies have not 

specifically evaluated whether the association between neighborhood socioeconomic 

environment and mortality varies by sex, but find inverse associations between 

neighborhood and mortality in both sexes when analyses are stratified by sex.2,19

The strongest associations observed between neighborhood socioeconomic environment and 

cause-specific mortality were observed for CVD and other-cause mortality (including 

diabetes). Associations between neighborhood socioeconomic environment and cancer 

mortality were not strong in men or women. Lifestyle factors generally have stronger 

associations with incidence of CVD and diabetes than with incidence of cancer. 

Additionally, previous studies report residing in a disadvantaged neighborhood 

socioeconomic environment has been linked to higher incidence of obesity, CVD, and 

diabetes.8,33

Many investigators stratify analyses by race because of differences in individual-level SES 

by race, U.S. residential racial segregation, and potentially non-overlapping distributions of 

neighborhood characteristics of African American and white participants. In stratified 

analyses, these studies find neighborhood socioeconomic environment–mortality 

associations in both whites and African Americans.1,4 In the current study, the association 

between disadvantaged neighborhood socioeconomic environment and mortality was not 

modified by race. The study design of the SCCS allows for more sufficient control of 

confounding by individual-level SES, in that the majority of both African American and 

white participants are low-income and have minimal education. Additionally, the range of 

neighborhood deprivation index values for African American participants largely overlapped 

the range for white participants, although on average African Americans lived in more 

disadvantaged neighborhoods.

A hypothesized mechanism explaining the association between neighborhood 

socioeconomic environment and health outcomes is that disadvantaged neighborhoods 

position individuals at higher risk of choosing unhealthy behaviors. For instance, 

neighborhoods with more access to alcohol, energy-dense foods, and tobacco may facilitate 

residents’ consumption of these products.14–17 A recent meta-analysis finds associations 

between residing in more disadvantaged neighborhoods with higher smoking and physical 

inactivity.34 The current study provides evidence in line with these findings. Residents 

falling in the quartile for most-deprived neighborhood deprivation index were more often 

current smokers, heavy drinkers, physically inactive, and had poorer diet quality scores. The 

social standards of a neighborhood and the prevalence of healthy behaviors may affect an 

individual’s health behaviors by influencing what residents consider as acceptable 

behavioral norms.8,35

Andersen et al. Page 6

Am J Prev Med. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Few published studies have evaluated interactions between neighborhood socioeconomic 

environment and individual-level health behaviors. In the NIH-AARP Diet and Health 

Study, which includes participants of relatively high SES, investigators find no evidence of 

effect modification of the association between neighborhood socioeconomic environment 

and mortality by smoking status or by consumption of red or processed meat.19,20 The 

current study’s analyses show the relation between neighborhood socioeconomic 

environment and mortality varies by individual-level smoking behavior, being most apparent 

in never smokers and weakest in heavy smokers. Non-smokers are at lower risk of death than 

smokers are and thus the effects of additional mortality risk factors, such that disadvantaged 

neighborhood socioeconomic environment, result in a more apparent association with risk of 

mortality than in smokers. Smokers, regardless of the community they lived in, experience a 

higher risk of death than never smokers, with heavy smoking apparently dominating any 

effect of disadvantaged neighborhood socioeconomic environment. Interactions were 

observed between neighborhood socioeconomic environment and alcohol consumption and 

physical activity, but they are not consistent between men and women. No interactions were 

observed with sedentary activity, the dietary index, or the healthy lifestyle score. However, 

in analyses that combine neighborhood socioeconomic environment and individual health 

behaviors, individuals who live in disadvantaged neighborhood socioeconomic environments 

and meet few public health recommendations for health behaviors are at substantially higher 

risk of death, suggesting that lifestyle modification of health behaviors could reduce 

mortality risk, irrespective of neighborhood SES. Maintaining a healthy lifestyle was 

associated with lower risk of death in all strata of neighborhood socioeconomic 

environment.

Limitations

This study has notable strengths and limitations. Strengths include complete detailed 

information provided by cohort members at baseline on individual-level health behaviors, 

including diet, physical activity, alcohol, and smoking, which allows for comprehensive 

analyses of these variables. Additionally, the cohort’s linkage with the National Death Index 

for vital status allows for complete ascertainment of individual-level outcomes that are 

obtained objectively. The SCCS sample consists primarily of low-SES Americans and the 

majority of the participants are African Americans. These groups have been 

underrepresented in previous neighborhood epidemiologic investigations. This study also 

has certain limitations. The neighborhood deprivation index used in this study is derived 

from census tract-level variables and represents an approximation for the participants’ 

neighborhood-level exposures. This study uses a census tract measure, instead of participant-

defined neighborhoods or direct measurement of specific neighborhood characteristics, 

because of the systematic and standardized data collection methods employed by the U.S. 

Census Bureau. Additionally, this type of index has been frequently used in previous studies 

and consistently associated with health outcomes.2,21,25,36 However, a limitation of using 

census tract-level data is the inability to determine how closely the neighborhood deprivation 

index variable aligns with the participants’ experiences in their self-defined neighborhoods. 

In using a composite variable that encompasses the domains of neighborhood-level 

education, employment, housing, occupation, and poverty, this study is unable to identify 

any singular causal mechanism of the association between neighborhood socioeconomic 
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environment and mortality. Currently, it is not known exactly how these neighborhood-level 

socioeconomic factors are related to health. Associations may be reflective of truly causal 

conditions or may represent residents’ self-selection into neighborhoods because of 

individual-level socioeconomic position, or personal preferences, possibly related to access 

to amenities, racial composition, or social/cultural norms.8 Associations may also be 

attributed to residual confounding by individual-level SES, such as household income. 

Another limitation is the large number of statistical tests conducted in order to evaluate 

potential effect modification of health behaviors on the association between neighborhood 

depreciation index and mortality. However, using a Bonferroni adjusted p-value of 0.0002 

(0.05/256 [the number of statistical tests conducted]) would lead to similar conclusions 

about the nature of the associations between neighborhood socioeconomic environment, 

healthy lifestyle, and mortality. Lastly, single baseline measurements of participants’ health 

behaviors and neighborhood-level exposures were used. Future studies taking into account 

exposures over the life course may improve upon the study design.

CONCLUSIONS

Residing in a neighborhood with greater socioeconomic disadvantage is associated with 

higher mortality for low income and African American residents, especially women. 

Individuals living in disadvantaged neighborhood socioeconomic environments and who 

exhibit unhealthy behaviors experienced the greatest increase in all-cause mortality. Positive 

individual-level health behaviors could substantially negate the effect of disadvantaged 

neighborhood socioeconomic environment on mortality. Maintaining a healthy lifestyle is 

associated with lower mortality in all socioeconomic environments. Identifying individual-

level health behaviors that modify associations between disadvantaged neighborhood 

socioeconomic environment and health outcomes is of public health significance and could 

help prioritize future policy. Health policies and interventions should be implemented with 

the goal of improving socioeconomic position in disadvantaged communities, such as 

programs to improve high school graduation rates, decrease community-level unemployment 

rates, and move residents out of poverty.33 This study provides evidence for comprehensive 

approaches for lifestyle modification and community improvement to reduce the risk of 

death in African Americans and low-income populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
The joint associations of the Neighborhood Deprivation Index and health behaviors with all-

cause mortality by sex, the Southern Community Cohort Study.

Notes: The top portion of the figure displays the associations between smoking status and 

neighborhood deprivation index with all-cause mortality. Participants who have never 

smoked and live in the least deprived neighborhoods are used as the reference group. Panel 

(A) includes men and panel (B) includes women. The lower portion of the Figure displays 

the joint associations of a healthy lifestyle score and neighborhood deprivation index with 

all-cause mortality. The healthy lifestyle score is a composite variable for number of public 

health guidelines met for alcohol intake, physical activity, diet quality, and sedentary time. 

Participants who met three or more public health guidelines and lived in the least deprived 

neighborhoods were used as the reference group. Panel (C) includes men and panel (D) 

includes women. Hazard ratio and 95% CIs are located in Appendix Tables 5 and 6.
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