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Abstract

Purpose: We tested the hypothesis that individual- and neighborhood-level measures of 

socioeconomic status (SES) are more concordant in urban than rural areas, and we used the 

previously established association between obesity and self-rated health to illustrate the effect of 

residual confounding by individual-level SES when only neighborhood-level SES is considered.

Methods: Using data from two population-based surveys, we calculated Spearman’s rank 

correlations between household income and neighborhood socioeconomic advantage across eight 

Pennsylvania counties. We applied multivariable Poisson regression models with robust variance 

estimates to each county to estimate the degree that individual SES confounds the association 

between obesity and self-rated health when the analysis accounts for neighborhood SES only and 

examined how this confounding varied by county urbanicity.

Results: Concordance between household income and neighborhood advantage increased with 

county urbanicity (ρ = 0.16–0.26 vs. 0.31–0.45 vs. 0.47 in medium metro/micropolitan, suburban, 

and large metro counties, respectively). Conversely, confounding by individual SES on the obesity 

and self-rated health association decreased with urbanicity (15–22% vs. 6–13% vs. 3% in medium 

metro/micropolitan, suburban, and large metro counties, respectively).

Conclusion: Individual- and neighborhood-level SES measures are poorly correlated outside of 

urban areas, suggesting that neighborhood-level measures inadequately account for individual SES 

in rural settings.
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Introduction

The socioeconomic status (SES) of individuals and their neighborhood environments are 

important social determinants of health that impact many health indicators and outcomes.1–5 

Low SES has been associated with increased exposure to environmental hazards, pollutants 

and allergens, as well as negative life events and chronic stress.6–8 As a result, SES can 

confound exposure-outcome relationships, and SES-related measures are included as 

covariates in many epidemiological studies.

The use of SES measures is often limited by data availability, and multilevel analyses that 

incorporate both individual- and neighborhood-level indicators are not always possible. For 

example, individual-level SES is seldom documented in large health datasets, including 

disease registries, claims databases, and electronic health records. A common approach for 

overcoming these data limitations is to use neighborhood-level measures to capture SES 

when individual-level measures are unavailable.9–11 However, because individual- and 

neighborhood-level SES are distinct constructs with independent effects on health,3–5 use of 

neighborhood-level measures may not capture all relevant aspects of SES confounding 

exposure-outcome relationships. Figure 1 contains path diagrams illustrating possible 

relationships that individual and neighborhood SES may have with an exposure and an 

outcome. Adjusting for only neighborhood SES is appropriate when individual SES does not 

act as a confounder (Fig. 1b). However, when individual SES does act as a confounder (Fig. 

1a and 1c), adjusting only for neighborhood SES leaves residual confounding by individual 

SES – especially absent a strong correlation between these variables.

Although many studies use neighborhood-level measures of SES as the sole SES measure in 

analyses, the relationship between individual- and neighborhood-level SES is not always 

clear. Reported agreement between individual- and neighborhood-level SES measures has 

varied. Research in the U.S. found that agreement between individual- and neighborhood-

level measures of SES was lower in a mixed urban-rural county in Minnesota than in an 

urban county in Missouri (Cohen’s κ = 0.15–0.22 vs. 0.26–0.36).12,13 Similarly, a study 

assessing the association between self-reported income and an area-based measure of 

income in a patient cohort from Alberta, Canada found little concordance (κ = 0.07) in this 

rural area,14 while agreement was higher in studies conducted in metropolitan Vancouver 

(Spearman’s ρ = 0.23–0.35)15 and Montreal (ρ = 0.31–0.39).16 Analysis of a pediatric 

asthma cohort in Rome, Italy found moderate agreement between parental education and 

neighborhood SES (ρ = 0.47–0.48).17

While these previous results suggest that neighborhood-level measures of SES are more 

correlated with individual-level measures in urban versus rural areas, the association 

between individual and neighborhood SES agreement and regional urbanicity has not been 

formally investigated. Here, we measured the correlation between individual- and 

neighborhood-level SES measures across eight counties in Pennsylvania with varying 

degrees of urbanization and determined whether the correlation between these measures 

increased with county urbanicity. We then assessed the extent to which the use of 

neighborhood-level SES measures results in residual confounding by individual-level SES, 

using the association between obesity and self-rated health as an illustrative example.
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Materials and Methods

Study population and survey implementation

We obtained data from two population-based community health surveys administered by the 

Public Health Management Corporation (PHMC) in eight contiguous counties of 

Southeastern Pennsylvania: Southeastern Pennsylvania Household Health Survey (SEPA-

HHS) and Berks-Lancaster-Schuylkill Household Health Survey (BLS-HHS). SEPA-HHS 

and BLS-HHS were approved by the PHMC Institutional Review Board, and PHMC 

obtained informed consent from all participating individuals. SEPA-HHS was administered 

in 2010 and 2012 to residents of urban Philadelphia County, which is coterminous with the 

City of Philadelphia, as well as residents of the neighboring suburban counties of Bucks, 

Chester, Delaware, and Montgomery (Supplemental Fig. 1). BLS-HHS was administered to 

residents of these eponymous outlying counties in 2011. SEPA-HHS and BLS-HHS were 

administered using similar survey instruments and procedures.18–20 Both surveys aimed to 

capture the health status and personal health behaviors of local residents through telephone 

interviews with people 18 years or older. Sampling in all cycles was stratified by geographic 

subareas (54 for SEPA-HHS and 13 for BLS-HHS), and balancing weights were provided to 

account for differences in response rates and ensure respondents were demographically 

representative of their areas of residence.

To understand the demographic and socioeconomic characteristics of the eight counties 

surveyed, we obtained county-aggregated summary measures from the American 

Community Survey 5-year estimates for 2009–2013.21 The level of urbanization for each 

county was determined using the 2006 National Center for Health Statistics (NHCS) Urban-

Rural Classification Scheme for Counties, which divides U.S. counties into six classes: large 

central metro (1), large fringe metro (2), medium metro (3), small metro (4), micropolitan 

(5), and noncore (6).22 The eight surveyed counties fell into NCHS classes 1, 2, 3 and 5, 

which we’ve labeled large metro, suburban, medium metro and micropolitan, respectively.

Individual-level SES measures

Individual-level SES measures captured by the surveys included self-reported household 

income and educational attainment. Household income was an ordinal variable with 24–29 

levels (i.e., income categories), which we transformed to a continuous variable by averaging 

upper and lower bounds for middle income categories and assigning the single boundary 

value for highest and lowest income categories. Educational attainment was an ordinal 

variable with the following levels: less than high school (equivalent to 0–11 years of 

education), high school graduate (12 years), some college (13–15 years), and college 

graduate or higher (≥16 years). We excluded respondents less than 25 years old to reduce the 

risk of exposure misclassification, as individuals in this age group were least likely to have 

completed their education.

Unadjusted household income may be an unreliable measure of SES because a family’s 

financial resource requirements vary substantially by household size and composition. To 

allow income to be more readily compared between households, we determined the 

household-specific poverty threshold for each respondent based on: (1) the number of 
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related adults and children reported to be living in the household by the respondent and (2) 

federal poverty threshold tables released by the U.S. Census Bureau corresponding to the 

years of survey administration.23 We then calculated each household’s relative income by 

dividing unadjusted income by the household-specific poverty threshold.

Neighborhood-level SES measure

The Area Deprivation Index (ADI) is a composite measure of neighborhood socioeconomic 

disadvantage that captures multiple socioeconomic domains, including education, income, 

employment, and housing quality (Supplemental Table 1). First formulated by Singh in 

2003,24 the ADI has been validated for detecting socioeconomic disparities in a number of 

health outcomes, including all-cause, cardiovascular, cancer, and childhood mortality,24–28 

hospital readmission risk29,30 and cytomegalovirus seropositivity during pregnancy.31 We 

sourced 2013 ADI (calculated using variables from the American Community Survey 5-year 

estimates for 2009–2013) for all block groups in our study area from the Neighborhood 

Atlas online portal.32,33 Because the surveys reported residence at the level of census tracts, 

rather than block groups, we derived census tract-level ADI as the median ADI of nested 

block groups and assigned values to respondents according to their residential census tracts. 

To facilitate comparison with relative income and education, where higher values represent 

greater advantage, we transformed ADI (reported as a percentile ranking taking integer 

values 1–100) by subtracting it from 101 to derive a measure of neighborhood advantage.

Evaluating agreement between individual- and neighborhood-level SES measures

We calculated Spearman’s rank correlation coefficients (ρ) between individual-level SES 

measures (i.e., relative income and education) and neighborhood advantage, while 

stratifying respondents by their county of residence. To evaluate whether individual and 

neighborhood SES agreement differed according to regional urbanicity, we plotted county-

wide agreement (ρ) against log-transformed county population density (a proxy for 

urbanicity) and computed Spearman’s rank correlation coefficients. We similarly assessed 

trends in correlation between individual and neighborhood SES versus NCHS class. 

Weighted correlations were obtained with the wCorr R package using survey weights 

provided by PHMC, and statistical significance was assessed via permutation tests.34

Residual confounding by individual-level SES after adjustment for neighborhood-level SES

To illustrate residual confounding by individual-level SES that may remain when only 

neighborhood-level SES is accounted for, we estimated the degree to which individual SES 

confounded the relationship between obesity and self-rated health. We chose self-rated 

health as our outcome variable because it is a validated measure of general health status35–37 

and has been shown to be independently associated with both obesity and individual SES.
38–42 Given the evidence linking low income and educational attainment to obesity,43–45 we 

reasoned that individual SES is likely to confound the association between obesity and self-

rated health. SEPA-HHS and BLS-HHS asked respondents to rate their health as excellent, 

good, fair, or poor, and we dichotomized this variable as excellent/good or fair/poor. Body 

mass index (BMI) was calculated using self-reported height and weight measures and 

dichotomized as obese or not obese, where obesity was defined as BMI ≥ 30.
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Confounding of the association between obesity and self-rated health by individual SES was 

assessed as follows. First, we determined whether individual-level SES was independently 

associated with both obesity and self-rated health in each county: after stratifying 

respondents by county of residence, we used multivariable Poisson regression models with 

robust variance estimates46 to estimate the relative risk of fair/poor health associated with 

education and relative income, while adjusting for age, sex, race/ethnicity and neighborhood 

advantage. Relative income and neighborhood advantage were categorized by quartiles, and 

age was categorized to seven ordinal levels (25–34, 35–44, 45–54, …, ≥85). We repeated 

this analysis with obesity as the dependent variable. Only counties for which individual-level 

SES was independently associated with obesity and self-rated health (according to two-sided 

alpha = 0.05 level) were included in the next step, as absence of these associations indicated 

that individual SES did not confound the obesity/self-rated health association. Second, we 

created multivariable Poisson regression models with robust variance estimates to estimate 

the relative risk of fair/poor health associated with obesity, stratified by county. Two relative 

risk estimates were derived for each county: model 1 included covariate adjustment for 

demographic variables (i.e., age, sex, race/ethnicity) and neighborhood-level SES (i.e. 

neighborhood advantage), while model 2 additionally included adjustment for two 

individual-level SES variables (i.e. relative income and respondent education). The 

magnitude of residual confounding by individual-level SES was quantified for each county 

as the percentage difference between the two relative risk estimates for the obesity/self-rated 

health association: 100*(RR1 − RR2)/RR2, where RR1 and RR2 were the relative risks 

estimated from models 1 and 2, respectively.

Results

Characteristics of counties based on ACS 5-year estimates for 2009–2013 are provided in 

Table 1. Philadelphia was a large metro characterized by high population density and 

roughly equal proportions of black and white residents. Compared to Philadelphia, the 

neighboring suburban counties of Bucks, Chester, Delaware, and Montgomery were less 

populated, predominantly white, and more socioeconomically affluent. The medium metro/

micropolitan counties of Berks, Lancaster, and Schuylkill were predominantly white, more 

sparsely populated than the suburban counties, and had median income and poverty rates 

between those of the suburban counties and Philadelphia.

A total of 23,024 respondents were surveyed by SEPA-HHS and BLS-HHS in 2010–2012. 

Of these, 1,289 (5.6%) respondents were excluded for being less than 25 years old, 4,764 

(21.9%) were excluded for missing income information, 1,690 (10.0%) were excluded for 

missing address or geocode information, and 147 (0.6%) were excluded for other 

missingness, leaving 15,134 (65.7%) complete cases for assessing individual and 

neighborhood SES agreement. Respondents who were excluded due to missing income were 

generally older and less educated but did not differ substantially by race/ethnicity compared 

to those with complete variable information (Supplemental Table 1), while respondents who 

were excluded due to incomplete address information did not differ substantially from those 

with complete variable information (Supplemental Table 2).
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Characteristics of the 15,134 respondents included in analyses are provided in Table 2. 

Respondent characteristics generally reflected county characteristics although females were 

over-represented. Respondents from Philadelphia were more likely to be black and low-

income than those of other counties, while respondents from suburban counties tended to 

have higher levels of educational attainment and higher household incomes. The medium 

metro/micropolitan counties had similarly high proportions of white respondents as 

suburban counties, although the average educational attainment of these respondents was 

lower and followed distributions similar to those of Philadelphia.

Spearman’s rank correlations between individual-level SES measures and neighborhood 

advantage are provided in Table 3. Agreement (ρ) between household income and 

neighborhood advantage generally increased with county urbanicity (Fig. 2). Agreement was 

low in micropolitan Schuylkill county (ρ = 0.26) and medium metro Berks and Lancaster 

counties (ρ = 0.16–0.31), low to moderate in suburban Bucks, Chester, Delaware, and 

Montgomery counties (ρ = 0.33–0.45), and moderate in the large metro of Philadelphia (ρ = 

0.47). The correlation between relative income-neighborhood advantage agreement and 

county urbanicity was high, whether urbanization was represented by county population 

density (Spearman’s ρ = 0.86) or NCHS class (ρ = −0.89). The correlations between 

respondent education-neighborhood advantage agreement and county urbanicity were 

similar to those obtained for relative income (Supplemental Fig. 2; ρ = 0.83 for county 

population density and ρ = −0.89 for NCHS class). However, the magnitude of the 

agreement between individual-level SES and neighborhood advantage was lower for all 

counties when education, rather than income, served as the individual-level SES indicator (ρ 
= 0.05–0.39 vs. 0.16–0.47; Table 3). With the exception of the correlation between education 

and neighborhood advantage in Lancaster (p = 0.16), all correlations were significant with p 
< 0.001.

Individual-level SES measures (relative income and education) were associated with fair/

poor health and obesity in all counties (p < 0.05), with the exception of Schuylkill county, 

where individual-level SES measures were not associated with obesity (Supplemental Table 

3 and Supplemental Table 4). Schuylkill county residents were thus excluded from the 

analysis of residual confounding. Fair/poor health was significantly associated with obesity 

in all models for the remaining counties (p<0.05), and point estimates from models that only 

adjusted for neighborhood-level SES were larger than those that additionally adjusted for 

individual-level SES (RR1 > RR2; Fig. 3a and Supplemental Table 5). Furthermore, the 

estimated magnitude of residual confounding by individual-level SES decreased with county 

urbanicity: it was highest in the medium metro counties (15–22%), intermediate in the 

suburban counties (6–13%), and lowest in Philadelphia (3%; Fig. 3b).

Discussion

When individual-level measures of SES are unavailable for the secondary analysis of health 

datasets (such as data derived from administrative databases9,10 or electronic health 

records11), a common approach is to use neighborhood-level measures alone to represent 

SES. Our results suggest that when individual SES acts as a confounder, adjusting only for 

neighborhood-level SES can lead to significant residual confounding by individual-level 
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SES, particularly outside of urban areas where correlations between individual- and 

neighborhood-level SES tend to be low.

The greater agreement between individual and neighborhood SES measures in urban areas 

may be expected, as Census tracts drawn by the U.S. Census Bureau, which aim to capture 

~4,000 inhabitants that are “as homogeneous as possible” with respect to demographic and 

socioeconomic characteristics,47 tend to be smaller and more uniform in urban areas. 

Summary measures of neighborhood environments are relatively good proxies for 

individual-level measures in urban areas, and thus neighborhood-level SES measures may be 

able to account for the confounding effects of individual SES in urban centers like 

Philadelphia. In less urbanized areas, however, the use of neighborhood-level measures to 

represent individual SES is likely to result in considerable measurement error. Because 

controlling for mis-measured variables results in incomplete covariate adjustment,48 

adjusting only for neighborhood-level SES measures may result in significant residual 

confounding by individual SES when individual- and neighborhood-level measures are 

weakly correlated.

These findings carry implications for multi-site studies or analyses of state- or nation-wide 

databases that encompass multiple areas spanning the urban-rural spectrum. If individual 

SES confounds the exposure-outcome relationship under study, adjustment for 

neighborhood-level SES measures only will result in varying degrees of residual 

confounding by individual SES, with rural areas generally exhibiting more confounding. If 

this residual confounding biases results in a systematic way (e.g., away from the null as in 

the present analysis), then stratified analyses may spuriously demonstrate effect modification 

by regional urbanicity. Using the present study as an example, one might conclude from 

analyses using only neighborhood-level SES measures that the link between obesity and fair/

poor health weakens with increased urbanization when this trend can be attributed to the 

greater effects of residual confounding in rural areas.

Our results are subject to limitations. The analysis was restricted to eight counties in 

Southeastern Pennsylvania, and the extent that results can be generalized to other regions of 

the United States is unknown. The surveys captured only one rural (i.e., non-metro) county, 

and the trend between urbanicity grade and individual-neighborhood SES agreement was 

determined across mostly metro areas rather than areas ranging the full urban-rural 

spectrum. However, agreement is likely minimal in very remote areas, where census tract 

boundaries encompass large, disparate areas; thus, we expect the trend between urbanicity 

and individual-neighborhood SES agreement to be even more pronounced across a full 

urban-rural spectrum. Neighborhood SES was derived at the census tract level, and our 

results are likely to depend on the choice of neighborhood aggregation boundary (an issue 

known as the modifiable areal unit problem49). Nevertheless, the urban-rural gradient in 

individual vs. neighborhood SES agreement was still evident in analyses where Zip Code 

Tabulation Areas formed the geographic unit used to derive neighborhood SES 

(Supplemental Table 7, Supplemental Fig. 3), suggesting this trend was not solely driven by 

the use of census tracts as the neighborhood aggregation boundary. Income was subject to 

self-reporting bias and missing for 22% of respondents, consistent with income nonresponse 

rates noted in other health surveys.50,51 Respondents excluded for income nonresponse were 
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generally older and had less education than those who reported their income, and this 

selective nonresponse may have biased our results.

In conclusion, neighborhood-level measures of SES were poorly correlated with individual-

level measures outside of large metro or suburban areas, suggesting that analyses that 

include only neighborhood-level measures may result in significant residual confounding by 

individual-level SES in less urban settings. When SES is suspected to confound an exposure-

outcome relationship, the results of regression models that include covariate adjustment for 

neighborhood-, but not individual-, level SES measures should be interpreted cautiously, 

particularly for studies of rural populations or analyses of state-or nation-wide databases that 

cover a spectrum of rural and urban environments.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Path diagrams illustrating hypothetical situations where an exposure-outcome relationship is 

confounded by individual-level SES only (a), neighborhood-level SES only (b), or both 

individual- and neighborhood-level SES (c).
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Fig. 2. 
County-level agreement (Spearman’s ρ) between respondents’ relative household income 

and neighborhood advantage. PHI = Philadelphia, BUC = Bucks, CHE = Chester, DEL = 

Delaware, MON = Montgomery, BER = Berks, LAN = Lancaster, and SCH = Schuylkill.
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Fig. 3. 
Estimated magnitude of residual confounding by individual-level SES when only 

neighborhood-level SES was accounted for. Fig. 3a shows the relative risk (RR) of self-rated 

fair/poor health associated with obesity according to multivariable Poisson regression 

estimated using model 1, which included demographic variables and neighborhood 

advantage and model 2, which included demographic variables, neighborhood advantage, 

relative household income and respondent education. Fig. 3b shows the magnitude of 

confounding by individual-level SES estimated as 100*(RR1 − RR2)/RR2, where RR1 and 

RR2 were estimated using models 1 and 2, respectively. PHI = Philadelphia, BUC = Bucks, 

CHE = Chester, DEL = Delaware, MON = Montgomery, BER = Berks, LAN = Lancaster, 

and SCH = Schuylkill.
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Table 1

Characteristics of counties included in the Southeastern Pennsylvania Household Health Survey and Berks-

Lancaster-Schuylkill Household Health Survey

County Survey 
region

Population 

density
a,b

NCHS 

class
c

Percentage 

white
b

Percentage 

black
b

Median 

income
d

Poverty 

rate
d

Philadelphia SEPA 4,393.6 1 41.0 43.4 37,192 26.5

Bucks SEPA 399.5 2 89.2 3.6 76,555 5.4

Chester SEPA 256.6 2 85.5 6.1 86,050 6.9

Delaware SEPA 1,173.9 2 72.5 19.7 64,041 10.3

Montgomery SEPA 639.3 2 81.1 8.7 79,183 6.1

Berks BLS 185.5 3 83.2 4.9 55,170 13.9

Lancaster BLS 212.5 3 88.6 3.7 56,483 10.5

Schuylkill BLS 73.5 5 94.4 2.7 45,012 12.8

Pennsylvania -- 109.6 -- 81.9 10.8 52,548 13.3

United States -- 33.7 -- 72.4 12.6 53,046 15.4

a
Population density is expressed as population per square kilometer of land area;

b
County-, state- and national-level population density and racial composition are taken from the 2010 Decennial Census;

c
2013 National Center for Health Statistics (NCHS) Urban-Rural Classification Scheme for Counties categories are: 1 - large central metro, 2 - 

large fringe metro, 3 - medium metro, 4 - small metro, 5 - micropolitan, and 6 - noncore;

d
County-, state- and national-level median income, expressed in 2013 inflation-adjusted dollars, and poverty rate, expressed as the percent 

population below poverty level, are taken from the 2013 ACS 5-year estimates.
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Table 3

Agreement (ρ) between individual SES indicators (indicated by column name) and neighborhood advantage 

for counties surveyed by SEPA-HHS and BLS-HHS. Bolded values are significant with p < 0.001.

County Urbanicity (NCHS class
a
) Rel. income

b Education

Philadelphia Large metro (1) 0.472 0.385

Bucks Suburban (2) 0.332 0.311

Chester Suburban (2) 0.390 0.320

Delaware Suburban (2) 0.447 0.354

Montgomery Suburban (2) 0.356 0.283

Berks Medium metro (3) 0.308 0.239

Lancaster Medium metro (3) 0.156 0.045
c

Schuylkill Micropolitan (5) 0.256 0.154

a
2013 National Center for Health Statistics (NCHS) Urban-Rural Classification Scheme for Counties categories are: 1 - large central metro, 2 - 

large fringe metro, 3 - medium metro, 4 - small metro, 5 - micropolitan, and 6 - noncore;

b
Rel. income (relative income) refers to the factor by which reported household income is above or below the federal poverty line determined for 

that household;

c
Not significant at alpha = 0.05 level
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