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Abstract
Background—Measures of neighborhood deprivation used in health research are typically based
on conventional area-based SES.

Purpose—The aim of this study is to examine new data and measures of SES for use in health
research. Specifically, assessed property values are introduced as a new individual-level metric of
wealth and tested for their ability to substitute for conventional area-based SES as measures of
neighborhood deprivation.

Methods—The analysis was conducted in 2010 using data from 1922 participants in the 2008–
2009 survey of the Seattle Obesity Study (SOS). It compared the relative strength of the
association between the individual-level neighborhood wealth metric (assessed property values)
and area-level SES measures (including education, income, and percentage above poverty as
single variables, and as the composite Singh index) on the binary outcome fair/poor general health
status. Analyses were adjusted for gender, categoric age, race, employment status, home
ownership, and household income.

Results—The neighborhood wealth measure was more predictive of fair/poor health status than
area-level SES measures, calculated either as single variables or as indices (lower DIC measures
for all models). The odds of having a fair/poor health status decreased by 0.85 [0.77, 0.93] per
$50,000 increase in neighborhood property values after adjusting for individual-level SES
measures.

Conclusions—The proposed individual-level metric of neighborhood wealth, if replicated in
other areas, could replace area-based SES measures, thus simplifying analyses of contextual
effects on health.

Socioeconomic status (this term is used here to include socioeconomic position) is an
important determinant of health, affecting the life course through various causal pathways1–4

at the individual, household, and neighborhood levels.5–8 Despite the evident complexity of
the SES construct, U.S. health research often reduces SES measurement to three variables:
educational attainment, employment, and earned income. The present study introduces a
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metric of wealth to capture multiple aspects of SES, including those of economic security
and life-long access to resources. 4 Publicly available data were used on assessed residential
property values at the tax parcel level. A test was made of their suitability as measures of
SES for use in health research. Demonstrating that assessed property values are an
appropriate SES metric for health-related research will fill a gap in currently available SES
data and help to circumvent the methodologic issues associated with using conventional
measures of SES.

Many studies address the multiple aspects of SES and related demographic determinants by
considering not only education, occupation, and income, but also race/ethnicity, marital
status, household size, and being single or female head of household, an immigrant, foreign-
born, or non-English-speaking.9, 10 Additional indicators of deprivation in the material
environment include home value, owning or renting a home, owning one or more cars, and
having plumbing and a telephone.11 At the individual and household levels, those data are
typically self-reported via surveys or interviews. However, since most medical records and
public health surveillance systems lack individual- and household-level SES data,
researchers have turned to using area-based SES measures (ABSMs) to monitor and assess
socioeconomic inequalities in health.12, 13 ABSMs are neighborhood-level SES variables
obtained from secondary sources such as census and other governmental statistics14, 15 and
are available for predefined administrative areas.

Studies have shown that neighborhood-level factors affect health independently from
individual-level SES.16–18 Deprivation indices using ABSMs and combining many of the
variables listed above have also effectively predicted health outcomes19: three such indices
have long been used,7, 20, 21 and two were developed more recently. 22–24

The concomitant use of individual and area-based data in health research has linked two
epidemiologic paradigms: individual risk factor epidemiology and ecologic approaches. 25

These paradigms have to be reconciled through multilevel analyses, producing results that
are often difficult to interpret because they examine contextual (or neighborhood) effects on
health, after adjusting for individual-level compositional effects of SES.15, 26 Also, because
ABSMs are aggregated data, bundled in different geographies with spatial units of different
size or shape, research results can be tainted with the Modifiable Areal Unit Problem
(MAUP).27, 28 The MAUP is a shift in the observed relationship between environmental
variables and outcomes of interest when the areal units are at different scales or of different
spatial configurations.29–33 The problem leads to unstable statistical results.34, 35 In contrast,
the current study used individual-level assessed property values to construct the proposed
metric of wealth.

Methods
Population

Participants came from the Seattle Obesity Study (SOS), a population-based study of social
disparities, diet quality, and health in King County, WA. A 20-minute telephone survey was
conducted on a stratified random sample of 2001 adult residents who were randomly
selected within each household. Administered between October 2008 and March 2009, the
survey was approved by the University of Washington IRB. SOS participants were
representative of the population in King County in terms of race and ethnicity, income, and
household size; they were similar to the BRFSS 2007 sample in terms of age and gender.
With a CASRO rate of 32%,36 the survey response rate was higher than that of King
County’s BRFSS 2008 at 29%.37
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Geocoding
The addresses of SOS respondents were geocoded to the centroid of the home parcel using
the 2008 King County Assessor parcel data. Geocoding followed standard methods in
ArcGIS, version 9.3.1 (ESRI, Redlands, CA). Address records that failed the automatic
geocoding (30% [597/2001], using a 100% match score) were manually matched using a
digital map environment with annotated layers from the reference data, augmented by online
resources such as GoogleMaps. Each home point was double-checked by a separate
technician for plausibility (i.e., that the parcel was designated for residential land use) and
accuracy (i.e., that the location was on the correct parcel).

Participant SES and Outcome Variable
SOS survey questions used in this study were modeled on those of the BRFFS. 37 The
participants’ individual demographic and SES characteristics included age, gender, race,
education, employment, annual household income, and home ownership. The health
outcome termed general health status was determined from the survey question “Would you
say that in general your health is: excellent/very good/good/fair/poor?” This health outcome
was dichotomized into fair/poor health versus the other rating categories.

Property Values Metric
Data for the assessed property values of participant residences came from the 2008 King
County assessor parcel data. In Washington State, assessment for tax purposes aims at
establishing the full market value of a given property.38 In King County, WA, assessment
procedures begin with determining land value, which state law requires to be appraised as if
land were vacant. Analyses of comparable bare land sales determine land value. Next in the
assessment process is the study of sales of improved properties (i.e., built-on land) in each
property’s proximate area. The total market value is based on building square footage, year
built, and other property characteristics. The county’s assessment method is known to
reliably capture the market value of properties.39, 40 The assessor’s data provided separate
values for land and for the improvements attached to the land (e.g., buildings and
driveways). Consistent with previous research,41 assessed value per unit was calculated as
the sum of a parcel’s land and improvement values divided by the number of residential
units on the parcel.

Two individual-level metrics were calculated for this study: (1) the mean assessed property
value per residential unit in the parcel where the respondent lived (labeled personal wealth),
and (2) the mean assessed property value per residential unit in the respondent’s
“neighborhood” (labeled neighborhood wealth). Having both types of metrics allowed
examination of whether differences in results were due to using SES composition versus
context measures. Such a determination is important as a previous study using assessed
property values and median income as indicators of neighborhood SES in King County
found that individual-level, but not area-level measures, predicted survival following out-of-
hospital cardiac arrest, independent of demographic, circumstance, or care factors.42

Values for individual respondents’ neighborhood wealth were calculated in geographic
information systems (GISs). To account for large parcels, input data came in a 10-meter grid
where each cell was assigned the mean assessed property value per residential unit of the
underlying parcel. The focal mean function served to generate a continuous grid of 30-meter
raster cells representing the mean assessed property value per residential unit within an 833-
meter airline bandwidth from the center of each raster cell (ArcGIS 9, ESRI, Redlands, CA).
The 30-meter raster size had been tested to capture both fine- and coarser-grained land
subdivision patterns in urban and suburban areas, respectively.43 The 833-meter bandwidth

Moudon et al. Page 3

Am J Prev Med. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



had been used in previous studies 44–46 and was selected to represent the individual
proximal neighborhood within a 10-minute walk.

Area-Based SES
Neighborhood SES data came from the 2000 U.S. Census. Tract-level measures included
median household income, percentage with college education or higher, percentage
nonwhite, percentage below poverty level, and the Singh index. A composite measure of
deprivation, the Singh index was derived for King County and was composed of 17 census
variables representing material and social conditions and relative socioeconomic
disadvantage.22, 23 The 17 variables were selected through a factor analysis of an original
list of 21. Factor score coefficients served to weight the individual variables in order to
calculate the single index value. The largest coefficients were for poverty level, median
income, and population with at least a high school diploma. The smallest coefficients were
for households without complete plumbing, household crowding, and home ownership
status. Singh index values are scaled around a mean of 100, so that values above and below
100 indicate above- and below-average deprivation. Area-based SES variables were
categorized into quartiles in some of the analyses.

Statistical Analysis
Excluded were 37 participants whose address could not be geocoded or who lived outside of
King County; five who did not provide a response to the primary health outcome of general
health status; and 37 who did not provide complete demographic or SES information. A total
of 1922 participants (96% of 2001) were included in this study.

First, a census tract–level analysis assessed the relationships between mean property values
at the census tract level and census SES measures. Bivariable linear regression models were
run with mean property values within a census tract as the outcome, and each census SES
measure as the independent predictor. All 373 census tracts in King County were included to
calculate the mean census-tract wealth and 95% CIs and the Spearman correlation
coefficients.

Second, individual-level personal and neighborhood wealth were examined in relation to the
study participants’ demographics and individual-level SES measures. Four models evaluated
personal and neighborhood wealth outcomes as both continuous measures and dichotomized
measures, with personal wealth either above or below $567,500 (2010 jumbo mortgage
amount for King County), and neighborhood wealth either above or below $400,000. Linear
regression with robust SEs was used for continuous outcomes, and logistic regression was
used for binary outcomes.47

Third, analyses evaluated the association between general health status and SES at the
individual and area levels. A series of analyses assessed the relative strength of the
association of personal and neighborhood wealth metrics compared to area-based SES
measures, on the binary outcome fair/poor general health status. Each analysis included one
wealth or area-based SES variable, along with: (1) no adjustment, (2) adjustment for gender,
categoric age, race, employment status, and home ownership, and (3) adjustment for all
variables in analysis (2) plus household income, which was treated separately because of
missing data for 229 participants (n = 1693). To account for correlation between individuals
in the same or a neighboring census tract for the area-based SES measures, these variables
were modeled using a Conditionally Autoregressive Regression (CAR) spatial model using
convolution priors.48 A Bayesian statistical framework was employed to compare the
different models using a Deviance Information Criteria (DIC) statistic that quantifies
goodness of fit of each model.49 A lower DIC indicates a better model fit.
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All analyses were conducted in R software, Version 2.10.1, R GUI system for Windows50

and R2WinBugs, Version 2.1.6.51 Models applying a Bayesian statistical framework used a
burn in of 1000, 5000 iterations, and two chains for each model, and report 95% credible
intervals instead of CIs. Two-sided statistical tests with p-values < 0.05 were considered
significant.

Results
Associations between area-based census SES and wealth, aggregated at the census-tract
level, showed that mean property values increased with the proportion of the population
with a college education, and with median household income. They also increased as the
proportion of the population living below the poverty level and the Singh index decreased
(Table 1). The associations were significant with correlations above 0.60 for all measures.

Table 2 shows the unadjusted relationship between individual-level personal and
neighborhood wealth measures and respondent characteristics (demographics and SES).
Significant associations were found for race, education, employment, income, and housing
tenure, with the higher values of personal assessed property value (>$567,500) and
neighborhood assessed property value (>$400,000, the top 14 percentiles of neighborhood
property values in the study).

Appendix A (available online at www.ajpm-online.net) summarizes individual-level
demographics, SES characteristics, assessed property values, and census tract–level SES
measures, by class of self-reported health status. Of the 1922 respondents included in the
study, 13.5% reported their health to be fair or poor. The majority were women (62%) and
white (80%). Fifty percent were aged >54 years, and 55% had at least a college degree.
Mean household income was $75,000, with 61% employed, 8% unemployed, and 23%
retired. Most of the respondents (80%) owned their homes; 50% lived in a residential unit
assessed at <$272,000 and in a neighborhood where the mean assessed value was $246,000.
These statistics showed that all measures of deprivation and wealth were distributed in a
similar way among the respondents’ health status subgroups: reported health status increased
with decreasing measures of deprivation or increasing measures of wealth.

The results of the logistic regression models assessing the strength of association of different
measures of SES and wealth on fair/poor health status revealed associations between
personal and neighborhood wealth measures and health status (Table 3). These associations
were expectedly attenuated when adjusting for individual SES, excluding or including
income (analyses including income not shown). Both personal and neighborhood wealth
metrics were always more predictive of fair/poor health status when compared to area-level
census measures (lower DIC measures for all models). The individual-level neighborhood
wealth measure showed that the odds of fair/poor health status decreased by 0.85 (0.77,
0.93) per $50,000 increase in neighborhood property values, after adjusting for all
individual-level SES measures. Similarly, the individual-level personal wealth measure
showed that the odds of fair/poor health status decreased by 0.90 (0.84, 0.96) per $50,000
increase in personal property values. After adjusting for individual-level SES, both
neighborhood and personal wealth measures were predictive of health status with similar
magnitude (DIC not consistently smaller across models).

Discussion
Assessed property values proved to be strong proxies for the conventional area-based SES
measures to predict health status. Both the personal and neighborhood wealth metrics
performed better than the discrete census-based SES measures and even the composite
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Singh index. This suggested that whenever feasible, assessed property values could
substitute for area-based measures and indices of deprivation.

The personal and neighborhood wealth metrics captured compositional and contextual
effects on health objectively.5–8 The use of these individual-level disaggregate measures of
SES would allow neighborhood effects to be included in health research while simplifying
analyses and sidestepping the MAUP. Considering neighborhood effects in health research
creates methodologic hurdles because individual-level associations cannot be inferred from
group-level associations.52, 53 In spite of this issue, increased awareness of the importance
of social and institutional processes on health have continued to fuel the growth of studies
that consider neighborhood effects.54,55

At the same time, research on the relative importance of contextual versus compositional
effects on health has not produced definitive results.10,56 The predictive value of area-level
SES variables was found to vary by cause of death, yet to be less important than individual-
level SES variables.57 This finding suggests that models need to include only individual-
level variables, but it has been found24 that both individual- and area-level measures of SES
are associated with inequalities in mortality and disability. However, other multilevel
analyses of BMI in adults and children found that area-level SES measures were predictive
of obesity even after accounting for individual-level SES measures.58–62 Overall, the
importance of area-level SES appeared to be dependent on health outcome and the
population being studied. The present study suggests only that context can be measured at
the individual level and need not rely on area-based data to define neighborhood.

The data used to measure the wealth metrics were publicly available, as were area-based
measures of deprivation. Because parcel-level assessor’s data were continually updated for
large regions, they may be more current and reliable than those of the American Community
Survey (ACS) and can be used in place of the decennial census data. According to the
Census Bureau, the ACS sampling rates will provide estimates for smaller areas that are
similar to (but with larger SEs and CIs) those of the Census 2000 by using multiyear
averages (3–10 years).63

The personal wealth metric had the advantage of being an objective, and not a self-reported,
measure of SES. Further, the use of neighborhood wealth, a contextual variable measured at
the individual level, could bypass the need for multilevel analysis, which might lead to a loss
of randomization, reduced df, and lower statistical power.26, 64

Finally, the neighborhood wealth metric was not based on an arbitrary definition of
neighborhood such as that found in census variables. The administrative boundaries of
ABSMs have been known to not correspond to the “lived-in”/actual neighborhoods of
influence.54 An individual might live in a census unit without neighborhood facilities, such
as health clinics, fast-food restaurants, parks, and recreational centers, yet have access to
such a facility across the street in the adjacent census unit. Thus, such boundary issues can
affect results in studies focusing on exposure and access to neighborhood facilities.65,66

Recent research facilitated by developments in GIS bypassed this problem by taking point-
to-point distance measurements between homes and facilities of interest.44,45,67 Such
measurements are not possible with neighborhood indicators that apply to areas rather than
points in space (e.g., health service areas or voting districts).54 To address this constraint,
researchers have used GIS distance buffering techniques to allocate the values of each
census unit proportionally to the area overlapping the buffer around an individual’s home.68

Others have adjusted the buffer to take into consideration the sizes of the units’
populations.69 In one study, census units were weighted based on the number of respondents
living in them.70 Although buffered measures of ABSMs can reflect different areas of
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influence and thereby allocate more realistic “neighborhood” values to an individual, they
still draw from data that have been aggregated within the boundaries of their original spatial
unit. The bias that spatial aggregation introduces to any type of measurement should not be
overlooked.35, 71, 72 Its power to affect measurement is best illustrated by practices such as
gerrymandering, where political interests manipulate the boundaries of voting districts to
secure their candidate’s victory.73

In the current study, the personal wealth metric was disaggregated at the parcel where the
subject lived. As for the neighborhood wealth metric, the current study defined
neighborhood as being within a 10-minute walk of the subjects’ homes. Future studies could
use and test different neighborhood sizes to fit any neighborhood of interest, while avoiding
the MAUP.

Substituting personal and neighborhood wealth measures for conventional SES deprivation
measures and indices would simplify both the measurement of deprivation/wealth and the
research analytic framework. The use of these individual-level measures would avoid many
of the complications associated with aggregated multilevel data. 64,74,75

Limitations
The study comprised a sample of King County’s adult population. Areas with populations
that have a different distribution of reported health status and residential assessed values
might yield different results. Reported health status has been successfully used as an
indicator of overall health and correlated with neighborhood deprivation.76,77 Some studies
have indicated that associations may vary among health outcome, gender, and other
demographic and socioeconomic characteristics.14,78

This study relied on assessed property values data that were by law closely associated with
actual property sale values. In parts of the country where property taxes represent a small
portion of public revenues, assessed property values might not consistently match actual
values and may therefore not reflect actual wealth or deprivation. The neighborhood wealth
metric assumed a neighborhood of 833 meters in radius. Future studies should base
individual neighborhood size on carefully defined hypotheses and should test the effect of
different sizes on the outcomes of interest.

Conclusion
The personal and neighborhood assessed property values measures used in this study were
more strongly related to reported health status than conventional area-based measures of
neighborhood SES, including the Singh index. The use of these individual-level metrics of
wealth or deprivation could help simplify future analyses.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Acknowledgments
This work was supported by NIH/NIDDK R01DK076608, Food environment, diet quality, and disparities in
obesity.

The authors have disclosed all funding sources that supported their work as well as all institutional and corporate
affiliations.

Moudon et al. Page 7

Am J Prev Med. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



References
1. Jencks, C.; Mayer, SE. The social consequences of growing up in a poor neighborhood. In: Lynn,

LE.; McGeary, MGH., editors. Inner-city poverty in the U.S. Washington, DC: National Academy
Press; 1990. p. 111-186.

2. Mayer SE, Jencks C. Growing up in poor neighborhoods: How much does it matter? Science. 1989;
43:1441–1445. [PubMed: 17839748]

3. Braveman PA, Cubbin C, Egerter S, Chideya S, Marchi KS, Metzler M, et al. Socioeconomic status
in health research: One size does not fit all. JAMA. 2005; 294:2879–2888. [PubMed: 16352796]

4. Krieger N, Williams DR, Moss NE. Measuring social class in U.S. public health research: Concepts,
methodologies, and guidelines. Annu Rev Public Health. 2003; 18:341–378. [PubMed: 9143723]

5. Adler NE, Boyce WT, Chesney MA, Folkman S, Syme SL. Socioeconomic inequalities in health.
No easy solution. JAMA. 1993; 269:3140–3145. [PubMed: 8505817]

6. Lantz PM, House JS, Lepkowski JM, Williams DR, Mero RP, Chen J. Socioeconomic factors,
health behaviors, and mortality: Results from a nationally representative prospective study of U.S.
adults. JAMA. 1998; 279:1703–1708. [PubMed: 9624022]

7. Mustard CA, Frohlich N. Socioeconomic status and the health of the population. Med Care. 1995;
33:DS43–DS54. [PubMed: 7500669]

8. Braveman P, Cubbin C, Marchi K, Egerter S, Chavez G. Measuring socioeconomic status/position
in studies of racial/ethnic disparities: Maternal and infant health. Public Health Reports (1974−).
2001; 116:449–463.

9. Hauser RM. Context and consex - cautionary tale. Am J Soc. 1970; 75:645–664.
10. House JS. Understanding social factors and inequalities in health: 20th century progress and 21st

century prospects. J Health Soc Behav. 2002; 43:125–142. [PubMed: 12096695]
11. Macintyre S, Ellaway A, Hiscock R, Kearns A, Der G, McKay L. What features of the home and

the area might help to explain observed relationships between housing tenure and health?
Evidence from the west of Scotland. Health Place. 2003; 9:207–218. [PubMed: 12810328]

12. Krieger N. Women and social class - a methodological study comparing individual, household, and
census measures as predictors of black-white differences in reproductive history. J Epidemiol
Community Health. 1991; 45:35–42. [PubMed: 2045742]

13. Krieger N, Chen JT, Waterman PD, Soobader MJ, Subramanian SV, Carson R. Geocoding and
monitoring of U.S. socioeconomic inequalities in mortality and cancer incidence: Does the choice
of area-based measure and geographic level matter? The Public Health Disparities Geocoding
Project. Am J Epidemiol. 2002; 156:471–482. [PubMed: 12196317]

14. Macintyre S, McKay L, Der G, Hiscock R. Socio-economic position and health: What you observe
depends on how you measure it. J Public Health Med. 2003; 25:288–294. [PubMed: 14747587]

15. Diez Roux A. The study of group-level factors in epidemiology: Rethinking variables, study
designs. Epidemiological Reviews. 2004; 26:104–111.

16. Yen IH, Syme SL. The social environment and health: A discussion of the epidemiologic literature.
Annu Rev Public Health. 1999; 20:287–308. [PubMed: 10352860]

17. Robert S. Socioeconomic position and health: The independent contribution of community
socioeconomic context. Annu Rev Sociol. 1999; 25:489–516.

18. Berry TR, Spence JC, Blanchard C, Cutumisu N, Edwards J, Nykiforuk C. Changes in BMI over 6
years: The role of demographic and neighborhood characteristics. Int J Obes. 2010; 34:1275–1283.

19. Morris R, Carstairs V. Which deprivation? A comparison of selected deprivation indexes. J Public
Health Med. 1991; 13:318–326. [PubMed: 1764290]

20. Carstairs, V.; Morris, R. Deprivation and health in Scotland. Aberdeen: Aberdeen University Press;
1991.

21. Townsend, P.; Phillimore, P.; Beattie, A. Health and deprivation: Inequality and the North.
London: Croom Helm; 1988.

22. Singh GK. Area deprivation and widening inequalities in U.S. mortality, 1969–1998. Am J Public
Health. 2003; 93:1137–1143. [PubMed: 12835199]

Moudon et al. Page 8

Am J Prev Med. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



23. Singh GK, Siahpush M. Widening socioeconomic inequalities in U.S. life expectancy, 1980–2000.
Int J Epidemiol. 2006; 35:969–979. [PubMed: 16684899]

24. Pampalon R, Hamel D, Gamache P. A comparison of individual and area-based socio-economic
data for monitoring social inequalities in health. Health Rep. 2009; 20:85–94. [PubMed:
20108609]

25. Pickett KE, Pearl M. Multilevel analyses of neighbourhood socioeconomic context and health
outcomes: A critical review. J Epidemiol Community Health. 2001; 55:111–122. [PubMed:
11154250]

26. Diez-Roux AV. Multilevel analysis in public health research. Annu Rev Public Health. 2000;
21:193–221. [PubMed: 10884952]

27. Openshaw S. Ecological fallacies and the analysis of areal census data. Environment and Planning
A. 1984; 16:17–31. [PubMed: 12265900]

28. Openshaw, S.; Taylor, PJ. A million or so correlation coefficients: Three experiments on the
Modifiable Areal Unit Problem. In: Wrigley, N., editor. Statistical applications in the spatial
sciences. London: Pion; 1979. p. 127-144.

29. Jelinski DE, Wu J. The Modifiable Areal Unit Problem and implications for landscape ecology.
Landscape Ecology. 1996; 11:129–140.

30. Krieger N, Waterman P, Chen JT, Soobader MJ, Subramanian SV, Carson R. Zip code caveat:
Bias due to spatiotemporal mismatches between zip codes and U.S. census-defined geographic
areas - the Public Health Disparities Geocoding Project. Am J Public Health. 2002; 92:1100–1102.
[PubMed: 12084688]

31. Schuurman N, Bell N, Dunn JR, Oliver L. Deprivation indices, population health and geography:
An evaluation of the spatial effectiveness of indices at multiple scales. J Urban Health. 2007;
84:591–603. [PubMed: 17447145]

32. Turner M. Effects of changing spatial scale on the analysis of landscape pattern. Landscape
Ecology. 1989; 3:153–162.

33. Zhang M, Kukadia N. Metrics of urban form and the Modifiable Areal Unit Problem.
Transportation Research Record. 2005; 1902:71–79.

34. Fotheringham AS, Wong DWS. The Modifiable Areal Unit Problem in multivariate statistical-
analysis. Environment and Planning A. 1991; 23:1025–1044.

35. Wakefield J. Ecologic studies revisited. Annu Rev Public Health. 2008; 29:75–90. [PubMed:
17914933]

36. American Association for Public Opinion Research. Standard definitions: Final dispositions of case
codes and outcome rates for surveys. Lenexa, KS: The American Association for Public Opinion
Research; 2000.

37. Washington State Behavioral Risk Factor Surveillance System (BRFSS). Questionnaire, forms A
and B. 2008. www.doh.wa.gov/ehsphl/chs/chs-data/brfss/Links/Quest08A.pdf,
www.doh.wa.gov/ehsphl/chs/chs-data/brfss/Links/Quest08B.pdf

38. Department of Assessments. Glossary of terms, true and fair value (WAC 458-07-030 (1)). 2010.
your.kingcounty.gov/assessor/eRealProperty/ResGlossaryOfTerms.html

39. Clapp JM, Giaccotto C. Estimating price trends for residential property: A comparison of repeat
sales and assessed value methods. The Journal of Real Estate Finance and Economics. 1992;
5:357–374.

40. Janssen C, Soderberg B. Estimating market prices and assessed values for income properties.
Urban Studies. 1999; 36:359–376.

41. Hallstrom A, Boutin P, Cobb L, Johnson E. Socioeconomic status and prediction of ventricular
fibrillation survival. Am J Public Health. 1993; 83:245–248. [PubMed: 8427331]

42. Clarke SO, Schellenbaum GD, Rea TD. Socioeconomic status and survival from out-of-hospital
cardiac arrest. Acad Emerg Med. 2005; 12:941–947. [PubMed: 16204138]

43. Moudon AV, Sohn DW, Kavage S, Mabry JE. Transportation-efficient land use mapping index
(TELUMI), a tool to assess multimodal transportation options in metropolitan regions.
International Journal of Sustainable Transportation. (in press).

44. Lee C, Moudon AV. The 3Ds + r: Quantifying land use and urban form correlates of walking.
Transportation Research Part D: Transport and Environment. 2006; 11:204–215.

Moudon et al. Page 9

Am J Prev Med. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.doh.wa.gov/ehsphl/chs/chs-data/brfss/Links/Quest08A.pdf
http://www.doh.wa.gov/ehsphl/chs/chs-data/brfss/Links/Quest08B.pdf
http://your.kingcounty.gov/assessor/eRealProperty/ResGlossaryOfTerms.html


45. Giles-Corti B, Broomhall MH, Knuiman M, Collins C, Douglas K, Ng K, et al. Increasing walking:
How important is distance to, attractiveness, and size of public open space? Am J Prev Med. 2005;
28:169–176. [PubMed: 15694525]

46. Berke EM, Koepsell TD, Moudon AV, Hoskins RE. Association of the built environment with
physical activity and obesity in older persons. American J Public Health. 2007; 97:1–7.

47. Zeger SL, Liang KY. Longitudinal data analysis for discrete and continuous outcomes. Biometrics.
1986; 42:121–130. [PubMed: 3719049]

48. Besag J, York J, Mollie A. Bayesian image restoration, with two applications in spatial statistics.
Annals of the Institute of Statistical Mathematics. 1991; 43:1–59.

49. Spiegelhalter DJ, Best NG, Carlin BR, van der Linde A. Bayesian measures of model complexity
and fit. Journal of the Royal Statistical Society Series B-Statistical Methodology. 2002; 64:583–
616.

50. R. Development Core Team. R: A language and environment for statistical computing. Vienna,
Austria: R Development Core Team; 2009.

51. Lunn DJ, Thomas A, Best N, Spiegelhalter D. Winbugs - a Bayesian modelling framework:
Concepts, structure, and extensibility. Statistics and Computing. 2000; 10:325–337.

52. Piantadosi S, Byar DP, Green SB. The Ecological Fallacy. Am J Epidemiol. 1988; 127:893–904.
[PubMed: 3282433]

53. Fieldhouse EA, Tye R. Deprived people or deprived places? Exploring the ecological fallacy in
studies of deprivation with the samples of anonymised records. Environment and Planning A.
1996; 28:237–259.

54. Diez, Roux AV.; Mair, C. Neighborhoods and health. Ann N Y Acad Sci. 2010; 1186:125–145.
[PubMed: 20201871]

55. Sampson RJ, Morenoff JD, Gannon-Rowley T. Assessing “neighborhood effects”: Social
processes and new directions in research. Annu Rev Sociol. 2002; 28:443–478.

56. Winkleby M, Cubbin C, Ahn D. Effect of cross-level interaction between individual and
neighborhood socioeconomic status on adult mortality rates. Am J Public Health. 2006; 96:2145–
2153. [PubMed: 17077398]

57. Steenland K, Henley J, Calle E, Thun M. Individual- and area-level socioeconomic status variables
as predictors of mortality in a cohort of 179,383 persons. Am J Epidemiol. 2004; 159:1047–1056.
[PubMed: 15155289]

58. Robert SA, Reither EN. A multilevel analysis of race, community disadvantage, and body mass
index among adults in the U.S. Soc Sci Med. 2004; 59:2421–2434. [PubMed: 15474198]

59. Oliver LN, Hayes MV. Effects of neighbourhood income on reported body mass index: An eight
year longitudinal study of Canadian children. BMC Public Health. 2008; 8:16. [PubMed:
18194577]

60. Nelson MC, Gordon-Larsen P, Song Y, Popkin BM. Built and social environments associations
with adolescent overweight and activity. Am J Prev Med. 2006; 31:109–117. [PubMed: 16829327]

61. Janssen I, Boyce WF, Simpson K, Pickett W. Influence of individual- and area-level measures of
socioeconomic status on obesity, unhealthy eating, and physical inactivity in Canadian
adolescents. Am J Clin Nutr. 2006; 83:139–145. [PubMed: 16400062]

62. Grow HM, Cook AJ, Arterburn DE, Saelens BE, Drewnowski A, Lozano P. Child obesity
associated with social disadvantage of children's neighborhoods. Soc Sci Med. 2010; 71:584–591.
[PubMed: 20541306]

63. Wombold, L. ArcUser On Line. Redlands, CA: 2011. Sample size matters: Caveats for users of
ACS tabulations. www.esri.com/news/arcuser/0408/samplesize.html

64. Von Korff M, Koepsell T, Curry S, Diehr P. Multi-level analysis in epidemiologic research on
health behaviors and outcomes. Am J Epidemiol. 1992; 135:1077–1182. [PubMed: 1632420]

65. Gordon-Larsen P, Nelson MC, Page P, Popkin BM. Inequality in the built environment underlies
key health disparities in physical activity and obesity. Pediatrics. 2006; 117:417–424. [PubMed:
16452361]

66. Apparicio P, Abdelmajid M, Riva M, Shearmur R. Comparing alternative approaches to measuring
the geographical accessibility of urban health services: Distance types and aggregation-error
issues. Int J Health Geogr. 2008; 7:7. [PubMed: 18282284]

Moudon et al. Page 10

Am J Prev Med. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.esri.com/news/arcuser/0408/samplesize.html


67. Saelens BE, Handy SL. Built environment correlates of walking: A review. Med Sci Sports Exerc.
2008; 40:S550–S566. [PubMed: 18562973]

68. Lovasi GS, Moudon AV, Smith NL, Lumley T, Larson EB, Sohn DW, et al. Evaluating options for
measurement of neighborhood socioeconomic context: Evidence from a myocardial infarction
case–control study. Health Place. 2008; 14:453–467. [PubMed: 17950024]

69. Chaix B, Merlo J, Subramanian S, Lynch J, Chauvin P. Comparison of a spatial perspective with
the multilevel analytical approach in neighborhood studies: The case of mental and behavioral
disorders due to psychoactive substance use in Malmo, Sweden, 2001. Am J Epidemiol. 2005;
162:171–182. [PubMed: 15972939]

70. Tatalovich Z, Wilson JP, Milam JE, Jerrett M, McConnell R. Competing definitions of contextual
environments. Int J Health Geogr. 2006; 5:55. [PubMed: 17156433]

71. Lancaster GA, Green M, Lane S. Reducing bias in ecological studies: An evaluation of different
methodologies. Journal of the Royal Statistical Society Series a-Statistics in Society. 2006;
169:681–700.

72. Wakefield J, Shaddick G. Health-exposure modeling and the ecological fallacy. Biostatistics. 2006;
7:438–455. [PubMed: 16428258]

73. Wildgen JK. Adding Thornburg to the thicket - the Ecological Fallacy and parameter control in
vote dilution cases. Urban Lawyer. 1988; 20:155–173.

74. Subramanian SV. The relevance of multilevel statistical methods for identifying causal
neighborhood effects: Commentary. Soc Sci Med. 2004; 58:1961–1967. [PubMed: 15020011]

75. Lee C, Moudon AV, Courbois J-YP. Built environment and behavior: Spatial sampling using
parcel data. Ann Epidemiol. 2006; 16:387–394. [PubMed: 16005246]

76. Crossley T, Kennedy S. The reliability of self-assessed health status. J Health Econ. 2002; 21:643–
658. [PubMed: 12146595]

77. Idler E, Benyamini Y. Self-rated health and mortality: A review of twenty-seven community
studies. J Health Soc Behav. 1997; 38:21–37. [PubMed: 9097506]

78. Fuchs VR. Reflections on the socio-economic correlates of health. J Health Econ. 2004; 23:653–
661. [PubMed: 15587692]

Moudon et al. Page 11

Am J Prev Med. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Moudon et al. Page 12

TABLE 1

Unadjusted association between assessed property value at the census tract–level and census SES measures

Census Tract–Level Assessed Property Value

M (95% CI)
Spearman

Corr

CENSUS AREA–LEVEL SES MEASURES

% with College Education

 2.4%–20.9% $196,677 ($141,897, $251,457)

 21.0%–29.9% $246,783 ($186,267, $307,297)

 30.0%–45.1% $324,084 ($276,643, $371,525)

 45.2%–78.3% $504,028 ($465,559, $542,498)

% College Educated per 10% Increase $80,516 ($67,674, $93,358) 0.72

Median Household Income

 $11,265–$39,554 $205,591 ($146,879, $264,302)

 $39,555–$47,926 $245,213 ($186,501, $303,925)

 $47,927–$60,125 $325,324 ($275,429, $375,219)

 $60,126–$ 129,212 $489,147 ($450,880, $527,416)

Median Household Income per $10,000 Increase $84,990 ($74,121, $95,864) 0.72

% Below Poverty

 15.0%–49.6% $225,115 ($156,198, $294,032)

 9.8%–14.9% $231,669 ($167,123, $296,216)

 4.9%–9.7% $342,755 ($302,569, $384,940)

 0.2%–4.8% $482,813 ($439,400, $526,227)

% Below Poverty per 10% Decrease $114,454 ($79,566, $149,342) 0.60

Singh SES Index

 124.3 – 197.8 $202,658 ($132,731, $272,585)

 112.4 – 124.3 $219,806 ($149,106, $29,0506)

 94.6 – 112.3 $287,279 ($241,430, $33,3128)

 55.6 – 94.5 $476,964 ($441,113, $51,2815)

Singh Index per 10-point Decrease $71,950 ($60,492, $83,408) −0.77
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