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Abstract

Objective: To determine the association of socioeconomic status at the census block group level 

with chronic conditions, and to determine whether the associations differ by age, sex, race, or 

ethnicity.

Patients and Methods: Adults aged ≥20 years on April 1, 2015 from 7 counties in Southern 

Minnesota were identified using the Rochester Epidemiology Project records-linkage system. 

We estimated the prevalence of 19 chronic conditions (7 cardiometabolic, 7 other somatic, and 

5 mental health conditions) at the individual level, and a composite measure of neighborhood 

socioeconomic disadvantage (the area deprivation index; ADI) at the census block group level 

(n=249).

Results: Among the 197,578 persons in our study, 46.7% were male, 49.5% were aged ≥50 

years, 12.3% were of non-White race, and 5.3% were Hispanic. The risk of most chronic 

conditions increased with increasing ADI. For each cardiometabolic condition and most other 

somatic and mental health conditions, the pattern of increasing risk across ADI quintiles was 

attenuated, or there was no association across quintiles of ADI in the oldest age group (ages ≥70 

years). Stronger associations between ADI and several cardiometabolic, other somatic, and mental 

health conditions were observed in women.
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Conclusion: Higher ADI was associated with increased risk of most chronic conditions, with 

more pronounced associations in younger persons. For some chronic conditions, the associations 

were stronger in women. Our findings underscore the importance of recognizing the overall and 

potentially differential impact of area-level deprivation on chronic disease outcomes for diverse 

populations.
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INTRODUCTION

Over the past 25 years, health equity has not improved in the United States. The 

Behavioral Risk Factor Surveillance System showed that measures of health equity and 

justice have declined over time, and income disparities have worsened.1 Persons with lower 

socioeconomic status generally experience higher prevalence of chronic conditions and 

multimorbidity, as well as poorer outcomes including increased mortality.2–6 Individual 

measures of socioeconomic status, including income and education, have been widely 

studied in relation to health; however, the effect of neighborhood context on health has 

been gaining attention more recently.

We and others have previously shown that lower neighborhood socioeconomic status is 

associated with higher prevalence of multimorbidity.7–15 Furthermore, our study in a large 

cohort of nearly 200,000 persons found that a measure of neighborhood socioeconomic 

disadvantage, the area deprivation index (ADI), was independently associated with 

multimorbidity after adjustment for individual level of education.12 We also found 

differences in association by age and sex, with stronger associations in younger persons 

and in women.12 However, we did not investigate whether associations differed by race 

or ethnicity, and did not determine whether certain individual chronic conditions exhibited 

stronger associations with neighborhood deprivation than others.

Neighborhood context can affect safety, access to food, health behaviors, education, social 

connections, and stress,16 and may affect a person’s overall health beyond the effect of 

individual measures of socioeconomic status.17 The social-ecological theory recognizes 

that individuals are embedded within larger social systems, and that multiple levels of 

influence beyond biological processes including social, physical, and cultural aspects of an 

environment interact to effect health.18 Furthermore, the influence of the environmental 

context on individual health may differ depending on unique beliefs and practices of 

individuals.18 Thus, we used the social-ecological theory as a conceptual framework to 

guide our study. The purpose of the current study was to investigate the associations of 

a measure of neighborhood socioeconomic deprivation, the ADI, with individual chronic 

conditions in a 7-county region in Southern Minnesota. Acknowledging that the unique 

beliefs, practices, and experiences of individuals may differentially impact the influence of 

neighborhood context with health, we determined whether the associations of ADI with 

chronic conditions differed by age, sex, race, or ethnicity.
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METHODS

Study Population

This study was conducted using the expanded Rochester Epidemiology Project medical 

records-linkage system (E-REP).19 The E-REP captures electronic medical record data 

for the population residing in a 27-county region in Southern Minnesota and Western 

Wisconsin. For this study, we utilized a 7-county high capture region of the E-REP, which 

includes data from 93.8% of the population in the following counties in Southern Minnesota: 

Olmsted, Wabasha, Dodge, Mower, Steele, Waseca, and Freeborn. All adults (aged ≥20 

years) who resided in the 7-county region on April 1, 2015 and who provided authorization 

to use their medical records for research (Minnesota Research Authorization; obtained from 

92% of the REP population) were included in this study (n=206,849). This study was 

approved by the Mayo Clinic and Olmsted Medical Center Institutional Review Boards.

Ascertainment of Chronic Conditions

We electronically searched the diagnostic indices of the REP to identify the International 

Classification of Diseases, Ninth & Tenth Revision codes associated with any health 

care visit (ICD-9 or ICD-10 inpatient or outpatient codes from all providers indexed 

in the REP) from April 1, 2010 through March 31, 2015 (5-year capture frame). The 

ICD-9 or ICD-10 diagnostic codes were used to identify a list of 20 chronic conditions 

defined by the United States Department of Health and Human Services (DHHS).20,21 

Two conditions, autism and human immunodeficiency virus, were later excluded from the 

analyses due to low prevalence in adults (<0.5%). In addition, anxiety was added, because 

it is common in the United States population. The diagnostic codes used to define the 19 

chronic conditions have been defined previously.12 We required 2 occurrences of a code 

(within the disease code set) separated by more than 30 days to decrease the chance of 

false-positive diagnoses. In the presentation of results, the 19 individual conditions were 

grouped into cardiometabolic conditions (hypertension, congestive heart failure, coronary 

artery disease, cardiac arrhythmias, hyperlipidemia, stroke, and diabetes), other somatic 

conditions (arthritis, asthma, cancer, chronic kidney disease, chronic obstructive pulmonary 

disease, hepatitis, and osteoporosis), and mental health conditions (dementia, depression, 

schizophrenia, substance abuse disorders, and anxiety).

Calculation of the Area Deprivation Index (ADI)

Each person’s geolocation was calculated by linking addresses to the TIGER/Line address 

range shapefile provided by the United States Census.22 We successfully geocoded 198,941 

of 206,849 (96.2%) persons. Geocoded data were linked to census block groups (251 census 

block groups), and publicly available data were obtained for ADI at the census block group 

level.23,24 The ADI was not available for 2 of the census block groups, and thus we retained 

249 of the census block groups for our analysis (N=197,578 persons). Specifically, we 

used Version 3 2018 ADI estimates for the year 2015. We obtained the United States ADI 

percentile rankings (1-100), and the distribution of these ADI values were stratified into 

quintiles for analyses. Higher values of the ADI score indicate greater disadvantage.
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Statistical Analysis

Guided by the social-ecological theory framework, we examined individual and area 

level factors and evaluated interactions between levels. Descriptive characteristics at the 

individual level were summarized overall and by age group using number and % for 

categorical variables. Hierarchical logistic regression, with a random effect of census block 

group to adjust for clustering,25,26 was used to model the association of each individual 

condition with the ADI quintiles (with quintile 1 serving as the reference group). For models 

with rare events, Firth penalized likelihood methods were used. Results were presented as 

odds ratios (OR) and 95% confidence intervals (CI). An unadjusted model and a model 

adjusted for age (20-39, 40-49, 50-59, 60-69, 70-79, ≥80 years), sex, race (White, Black, 

Asian, other/unknown), ethnicity (Hispanic, non-Hispanic), and education (high school 

or less, some college, college or advanced degree, unknown) were developed. Two-way 

interactions were tested between ADI and age, sex, race, and ethnicity. Significance of 

the interactions was determined after adjustment for multiple comparisons using the false 

discovery rate (FDR).27 For interactions that reached significance, forest plots were used 

to display the fully-adjusted ORs in graphical form in strata by age (for the age by 

ADI interaction), by sex (for the sex by ADI interaction), by race (for the race by ADI 

interaction), and by ethnicity (for the ethnicity by ADI interaction). For completeness, the 

fully-adjusted ORs in strata by age, sex, race, and ethnicity were presented in tabular format 

for all of the chronic conditions. Analyses were performed using ArcGIS 10.3, SAS 9.4 

(SAS Institute Inc., Cary, NC), and R version 3.2.3. Tests of statistical significance were 

conducted at the two-tailed alpha level of 0.05, and a FDR of 0.05 was used for interaction 

tests.

RESULTS

Of the 206,849 persons in our population, we excluded 6,480 (3.1%) persons because we 

could not geocode their address, and 1,363 (0.7%) persons who resided in the 2 census 

block groups missing ADI. The persons not geocoded were older (median age 53 years) 

whereas persons missing ADI were younger (median age 46 years) compared to persons 

included in our study (median age 49 years). In addition, persons in the census block groups 

missing ADI were more likely to be Hispanic (10.0%) compared to persons included in our 

study (5.3%). Finally, the proportion of persons with multimorbidity (≥2 chronic conditions) 

was lower for persons not geocoded (34.0%) and higher for persons missing ADI (42.9%) 

compared to persons in the final study cohort (39.5%).

Among the 197,578 persons in our study, 46.7% were male, 49.5% were aged 50 years 

and older, 12.3% were of non-White race (3.4% Black, 3.1% Asian, 3.6% other, and 

2.2% unknown race), and 5.3% were Hispanic (Supplemental Table 1). The prevalence of 

all cardiometabolic and most other somatic conditions increased with increasing age. By 

contrast, most of the mental health conditions did not increase in prevalence with increasing 

age except for dementia which was most common among those aged ≥70 years.

The distribution of ADI in our 7-county region was less diverse than in the entire United 

States. Only 7.0% of our population (25 census block groups) were in the most deprived 

quintile using the nationally-ranked ADI. After adjusting for age, sex, race, ethnicity, and 
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individual level of education, an increasing risk of each cardiometabolic condition and each 

mental health condition was observed with increasing ADI (Table 1). All tests for a linear 

trend across ADI quintiles were significant with one exception. No significant trend across 

ADI quintiles was observed for cancer.

Differences in associations of ADI with chronic conditions by age, sex, race, and ethnicity 

were tested using two-way interactions. Results stratified by age (Supplemental Table 2), sex 

(Supplemental Table 3), race (Supplemental Table 4), and ethnicity (Supplemental Table 5) 

are provided for all conditions regardless of statistical significance of the interactions. By 

contrast, figures 1–4 summarize the stratified results only for the interactions that reached 

statistical significance.

Interactions with Age

The associations of ADI with each cardiometabolic condition varied by age (Figure 1). 

An increasing risk of the condition was observed with increasing quintile of ADI in the 

youngest 2 age groups (ages 20-69 years). However, the pattern of increasing risk across 

ADI quintiles was attenuated, or there was no association across quintiles of ADI in the 

oldest age group (ages ≥70 years). For example, the risk of hypertension for those residing 

in the highest deprivation quintile compared to the lowest deprivation quintile (quintile 5 

vs. 1) was approximately 3-fold for ages 20-49 years (OR 3.14, 95% CI 2.32-4.26) and 

2-fold for ages ≥70 years (OR 2.17, 95% CI 1.75-2.68). For diabetes, a more than 2-fold 

increased risk was observed for ages 20-49 years (OR 2.19, 95% CI 1.78-2.69), whereas no 

increased risk was observed for ages ≥70 years (OR 1.19, 95% CI 0.96-1.48). For the other 

somatic conditions, there was evidence of interactions between age and ADI for arthritis, 

chronic kidney disease, hepatitis, asthma, and chronic obstructive pulmonary disease. For 

hepatitis, there was no association across quintiles of ADI in persons aged ≥70 years, but for 

the other conditions the associations attenuated with increasing age. Finally, for the mental 

health conditions, interactions between age and ADI were observed for anxiety, depression, 

schizophrenia, and substance abuse disorders, with attenuated results observed in those ≥70 

years of age.

Interactions with Sex

For the cardiometabolic conditions hyperlipidemia, diabetes, cardiac arrhythmias, and 

coronary artery disease, the patterns were generally similar in men and women, but we 

found stronger associations with increasing ADI quintile in women compared to men 

(Figure 2). For example, in women the risk of hyperlipidemia was 2.2-fold higher for those 

residing in the highest deprivation quintile (quintile 5 vs. 1; OR 2.18, 95% CI 1.79-2.66), 

whereas in men it was 1.6-fold higher (OR 1.61, 95% CI 1.33-1.95). For other somatic 

conditions, stronger associations were observed in women for arthritis and osteoporosis. 

In particular, there was no difference in association across ADI quintiles for arthritis in 

men. For osteoporosis, the wide confidence intervals in men (due to the low prevalence 

of osteoporosis) obscured the pattern of association. Finally, for mental health conditions, 

similar patterns were observed in men and women, with modestly stronger associations in 

women for depression.
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Interactions with Race

An increasing risk of hyperlipidemia with increasing quintile of ADI was observed in 

whites, but was less apparent in non-whites (Figure 3). The large confidence intervals 

in non-whites made it difficult to interpret some of the significant interactions for the 

other somatic and mental health conditions. For example, the associations were generally 

similar across ADI quintile in whites and non-whites for arthritis. An increasing risk of 

hepatitis was observed with increasing quintile of ADI in whites, but the pattern was 

not as pronounced in non-whites. Finally, for the mental health conditions, the increased 

associations with ADI were not as strong in non-whites, particularly for anxiety and 

depression. The pattern appeared similar across race groups for substance abuse disorders 

because the large confidence intervals in non-whites obscured the differences.

Interactions with Ethnicity

The large confidence intervals in Hispanics made it difficult to interpret the significant 

interactions with ethnicity (Figure 4). The pattern of increasing risk across ADI quintiles 

appeared stronger in Hispanics for diabetes. For asthma, anxiety, and depression, similar 

patterns were observed across ethnic groups with modestly stronger associations in non-

Hispanics.

DISCUSSION

In this large population-based study in a 7-county region in Southern Minnesota, using 

the social-ecological theory as a conceptual framework, we studied the associations of 

an area-level measure of socioeconomic status (the ADI) with 19 chronic conditions, and 

determined whether the associations differed by age, sex, race, or ethnicity. An increasing 

risk of most chronic conditions with increasing ADI was observed, except for cancer. We 

observed some differences in associations by age, sex, race, and ethnicity. In particular, we 

observed differences by age for the associations of ADI with each cardiometabolic condition 

and with most other somatic and mental health conditions, with attenuated results or no 

difference across ADI in persons aged ≥70 years. Stronger associations were observed in 

women compared to men between ADI and several cardiometabolic, other somatic, and 

mental health conditions. Some statistically significant interactions by race and ethnicity 

were observed. However, the limited power, reflected in the wide confidence intervals for 

non-whites and Hispanics, made it difficult to interpret some of the interactions.

We have previously shown that lower neighborhood socioeconomic status is associated 

with higher prevalence of multimorbidity, with stronger associations observed in younger 

persons and in women.12 Similarly, our current findings suggest that for the majority of 

chronic conditions considered separately, stronger associations were observed for younger 

persons, with attenuation of the association in persons aged ≥70 years. One possible 

explanation of the observed differences across age is a selective survival effect where the 

most disadvantaged persons may die younger compressing the difference in associations 

across ADI at older ages. In addition, it is possible that as people age, their socioeconomic 

status has less of an impact on disease burden because age itself becomes a more important 

risk factor for the development of chronic conditions.28–31
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For some chronic conditions, we also observed modestly stronger associations in women 

compared to men. However, sex differences in the association with ADI were not observed 

for approximately half of the chronic conditions. This finding is inconsistent with some 

evidence that the socioeconomic gradient is stronger in men for most conditions, perhaps 

with the exception of cardiovascular conditions where the socioeconomic gradient is greater 

in women.32–34

Differences by race and ethnicity in the associations of ADI with chronic conditions were 

less clear because of the small number of non-whites and Hispanics with diagnoses of 

certain chronic conditions. It should be noted that racism or implicit bias, as well as access 

to care, may have differentially affected the diagnosis or treatment of some conditions.35 If 

the most deprived non-whites and Hispanics were less likely to receive diagnoses, this could 

explain the stronger associations between ADI and some chronic conditions in whites and 

non-Hispanics. However, our sample size was limited to further stratify results by race and 

ethnicity. Future research using more racially and ethnically diverse populations is warranted 

to better understand these associations.

We adjusted our models for individual level of education, providing evidence that 

neighborhood socioeconomic status may influence health above and beyond individual 

measures of socioeconomic status. However, future research accounting for other individual 

measures of socioeconomic status may be warranted to better understand the contribution of 

neighborhood and group-level variables vs. individual socioeconomic status on health.

Implications and Future Directions

Disparities in the prevalence of chronic conditions exist in relation to the neighborhood in 

which a person lives. Thus, neighborhood context may provide for critical information when 

targeting interventions for prevention, or for the management of chronic conditions.36,37 

The ADI is a simple measure that can be calculated as long as a person’s address is 

known, and has been made available for 2013 and 2015 for all census block groups in the 

United States by Kind and colleagues at the University of Wisconsin-Madison.23,24 The ADI 

could be used to ensure that health care systems and providers are prepared to care for 

populations that have experienced deprivation, racism, or other social determinants of health. 

The ADI could be used for tailoring patient-centered care, as demonstrated by Intermountain 

Healthcare where the ADI was added to an existing risk score to identify patients who may 

benefit from community-based care management interventions.38 In addition, the ADI could 

be used to identify neighborhoods to solicit stakeholder engagement for guidance on the 

design of research studies, and for the recruitment and retention of research participants to 

ensure adequate representation and inclusion of participants who may benefit most from the 

research findings.

Limitations and Strengths

The following limitations should be acknowledged. First, we required 2 occurrences of 

a code separated by more than 30 days to define each chronic condition. Although this 

rule was employed to reduce false positive diagnoses, it may have resulted in some 

misclassification of chronic conditions. Second, it is important to note that the prevalence 
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of the chronic conditions in our population may be affected by the degree of access to 

the health care system, and by both diagnostic and coding practices. This may vary by 

ADI, and may be affected by structural factors in health care systems and providers, 

which can include implicit biases that affect treatment (and therefore diagnoses). Third, 

the relatively small number of non-whites and Hispanics in our population limited our power 

to detect and interpret interactions by race and ethnicity for some chronic conditions. Thus, 

additional research in more diverse populations may be warranted. Further, the interpretation 

of differences by race and ethnicity needs to consider the role that racism plays in social 

determinants of health and health outcomes. Finally, it is important to note that our region 

is less racially and ethnically diverse and has lower rates of poverty compared to national 

averages.39 It is possible that the relationships we observed between ADI and chronic 

conditions would differ in populations with a greater degree of area deprivation. However, 

to increase the generalizability of our findings, we utilized a nationally-ranked ADI obtained 

from the Neighborhood Atlas.23,24

The following strengths of our study should be noted. First, our population included nearly 

200,000 adults of all ages residing in a 7-county region, which allowed us to explore 

whether associations of ADI with chronic conditions differed by age, sex, race, or ethnicity. 

Second, we were able to successfully geocode >95% of the population to link the ADI, 

a composite area-level measure of socioeconomic status at the census block group level 

(n=249 census block groups). Third, we were able to link individual data on chronic 

conditions from the E-REP to the area-level ADI. Finally, although individual measures 

of socioeconomic status are not widely available in medical records, we had adequate 

information on education, and we found significant residual associations of ADI with 

chronic conditions after adjustment for education, suggesting that neighborhood context 

plays a role in health above and beyond the effect of individual socioeconomic status.

CONCLUSIONS

Higher ADI was associated with increased risk of most chronic conditions considered 

separately. More pronounced associations were generally observed in younger persons, with 

results attenuated in those aged ≥70 years. In addition, stronger associations were observed 

in women between ADI and several cardiometabolic, other somatic, and mental health 

conditions. Differences were less pronounced by race and ethnicity. Our findings underscore 

the importance of recognizing the overall and potentially differential impact of area-level 

deprivation on chronic disease outcomes for diverse populations.
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Figure 1. 
Forest plot showing the odds ratio and 95% confidence interval of chronic conditions across 

quintiles of area deprivation index (ADI) by age groups.

The area deprivation index was estimated at the census block group level. Quintiles were 

defined using national area deprivation index rankings from the Neighborhood Atlas (https://

www.neighborhoodatlas.medicine.wisc.edu/). Quintile 1 (1-20%) served as the reference.
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Only the chronic conditions for which the two-way interactions of area deprivation index by 

age reached statistical significance are presented in the figure (16 chronic conditions). Odds 

ratios were adjusted for sex, race, ethnicity, and individual level of education.

CI, confidence interval.
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Figure 2. 
Forest plot showing the odds ratio and 95% confidence interval of chronic conditions across 

quintiles of area deprivation index (ADI) by sex.

The area deprivation index was estimated at the census block group level. Quintiles were 

defined using national area deprivation index rankings from the Neighborhood Atlas (https://

www.neighborhoodatlas.medicine.wisc.edu/). Quintile 1 (1-20%) served as the reference.

Only the chronic conditions for which the two-way interactions of area deprivation index by 

sex reached statistical significance are presented in the figure (7 chronic conditions). Odds 

ratios were adjusted for age, race, ethnicity, and individual level of education.

CI, confidence interval.
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Figure 3. 
Forest plot showing the odds ratio and 95% confidence interval of chronic conditions across 

quintiles of area deprivation index (ADI) by race.

The area deprivation index was estimated at the census block group level. Quintiles were 

defined using national area deprivation index rankings from the Neighborhood Atlas (https://

www.neighborhoodatlas.medicine.wisc.edu/). Quintile 1 (1-20%) served as the reference.

Only the chronic conditions for which the two-way interactions of area deprivation index by 

race reached statistical significance are presented in the figure (6 chronic conditions). Odds 

ratios were adjusted for age, sex, ethnicity, and individual level of education.

CI, confidence interval.
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Figure 4. 
Forest plot showing the odds ratio and 95% confidence interval of chronic conditions across 

quintiles of area deprivation index (ADI) by ethnicity.

The area deprivation index was estimated at the census block group level. Quintiles were 

defined using national area deprivation index rankings from the Neighborhood Atlas (https://

www.neighborhoodatlas.medicine.wisc.edu/). Quintile 1 (1-20%) served as the reference.

Only the chronic conditions for which the two-way interactions of area deprivation index by 

ethnicity reached statistical significance are presented in the figure (4 chronic conditions). 

Odds ratios were adjusted for age, sex, race, and individual level of education.

CI, confidence interval.
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