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Objective of the study and its significance:  

 

People living in socioeconomically deprived neighborhoods tend to display poorer self-

rated health, worse mental health, more chronic disease, and greater pre-mature mortality than 

individuals living in less-deprived neighborhoods. These differences are not fully explained by 

the socioeconomic status of individual residents, or by the selection of individuals with worse 

health into poorer neighborhoods (Diez Roux & Mair, 2010). Numerous aspects of a 

neighborhood's physical and social environment could contribute to disparities in long-term 

health outcomes, including differential access to healthy food, exposure to pollutants, access to 

natural or recreational spaces, walkability, social cohesion, health behavior norms, physical 

safety, violence, and quality of housing and shelter (Olden, Olden, & Lin, 2015).  

It has recently been proposed that epigenetic alterations that influence the expression of 

genes (e.g. DNA methylation) could be one additional or mediating mechanism by which 

neighborhoods influence long-term health trajectories (Olden et al., 2015). A number of studies 

have already demonstrated that individual-level socioeconomic status may alter DNA 

methylation patterns (Borghol et al., 2012; Lam et al., 2012; McGuinness et al., 2012). Could 

community-level socioeconomic factors do the same? An answer to that question would expand 

our fundamental understanding of human epigenetics, inform preventative disease research, and 
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potentially lay the groundwork for new polices to improve public health. Few studies have yet 

investigated the connection between socioeconomic, physical, and social characteristics of 

neighborhoods and their residents' epigenetic profiles. One study has reported differential 

methylation of genes related to stress reactivity and inflammation among residents of 

neighborhoods with varying levels of safety, social cohesion, and socioeconomic disadvantage 

(Smith et al., 2017), and another has reported higher methylation of a gene related to cancer 

risk, MEG3, in children raised in disadvantaged neighborhoods (King, Kane, Scarbrough, Hoyo, 

& Murphy, 2016). 

  This study seeks to replicate and expand upon these initial, early findings of 

associations between neighborhood characteristics and DNA methylation profiles, using the E-

Risk cohort and high-quality measures of E-Risk twins' neighborhoods' built and social 

environments. The hypothesis to be tested would be that Study members living in more 

physically and socially deprived neighborhoods will show differential methylation relative to their 

peers from less-deprived neighborhoods. Because neighborhood characteristics have been most 

robustly associated with differential rates of smoking, obesity, stress and inflammation, and 

schizophrenia, we anticipate that methylation differences will be most pronounced in genes 

related to these outcomes and health-risk behaviors (Keita et al., 2014; Meijer, Röhl, Bloomfield, 

& Grittner, 2012; Truong & Ma, 2006; Yen, Michael, & Perdue, 2009). 

 
 
 
Statistical analyses: 

 

Our investigation of the associations between neighborhood characteristics and E-risk Study 

participants’ methylation profiles will proceed with two arms: one that is hypothesis-free and one 

that is hypothesis-driven.  

 

Arm 1 (hypothesis-free): 
To examine the relationship between neighborhood characteristics and resident methylation 

profiles unbiased by prior evidence, we will run an epigenome-wide association study (EWAS) 

using Generalized Estimating Equations to test the association between participants' 

neighborhood "Ecorisk" status (primary predictor) across childhood and DNA-methylation status 

(primary outcome) across the genome (i.e., on all 450k probes on the Illumina array) in young 

adulthood.  

• Statistical models will first adjust for sex, estimated white blood cell type proportions, and 

principal components (PCs) of measurement error in a baseline model.  
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• Additional models will then add adjustment for BMI, smoking, and a measure of 

neighborhood urbanicity. 

• All EWAS tests will be corrected for multiple testing using Bonferroni correction and will 

account for familial clustering in the sample. 

• Secondary follow-up tests will look for specificity in the relationship between 

neighborhood characteristics and DNA methylation rates by using individual components 

of the Ecorisk variable (secondary predictors: "deprived," "dirty," "dangerous," 

"disorganized") in the Generalized Estimating Equations. 

 

If we identify CpG probes significantly associated with the Ecorisk variable, we will then: 

1.  Evaluate the genetic and environmental architecture of these CpG probes using the classical 

twin design applied to the MZ and DZ participants in the E-Risk Study.   

2. Follow up on the CpG probes' functional potential by studying gene expression correlates in 

an independent sample: The Dunedin Study. We will correlate DNA methylation levels at 

each of the identified CpG probes with transcriptome-wide gene expression levels and 

identify significant methylation-gene expression correlations. We will then explore potential 

downstream biological implications by performing pathway analysis of the genes indexed by 

these potential co-regulatory relationships.  

 

Arm 2 (hypothesis-driven): 
To examine the relationship between neighborhood characteristics and resident methylation 

profiles in a manner that is informed by prior evidence, we will conduct two separate analytic 

steps using hypotheses derived from existing literature on neighborhood associations with 

specific health outcomes. 

 

First, we will run a series of individual Generalized Estimating Equations with a candidate gene 

approach. Here we will test associations between the Ecorisk variable and probes annotated to 

genes that have been implicated in stress reactivity and inflammation. We choose probes 

annotated to these genes because they have been studied in the most detailed report about 

neighborhood deprivation and DNA methylation (Smith et al., 2017). These tests will follow the 

same modeling approach pursued in Arm 1, except that multiple testing will be corrected for on a 

gene-wide basis. 

 

Second, we will run a series of Generalized Estimating Equations with polyepigenetic scores.  

We will create polyepigenetic scores made up of probes which index the putative DNA 
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methylation correlates of inflammation, obesity, smoking, and schizophrenia.  We choose to 

create these polyepigenetic scores because their associated phenotypes have been studied in 

past reports about neighborhood deprivation and health (Broyles et al., 2012; Cohen, 

Sonderman, Mumma, Signorello, & Blot, 2011; Diez Roux & Mair, 2010; Fleischer et al., 2015; 

Keita et al., 2014; Krabbendam & van Os, 2005; Morris, Manley, & Ham, 2018; Putrik et al., 

2015; Sariaslan et al., 2016; Sheehan, Cantu, Powers, Margerison-Zilko, & Cubbin, 2017; 

Steptoe & Feldman, 2001; Truong & Ma, 2006).  These tests will follow the same modeling 

approach pursued in Arm 1, with baseline models adjusted for sex and additional models 

adjusted for child phenotypes relevant to each polyepigenetic score. 

 

Variables Needed at Which Ages (names and labels): 
 
Study: E-risk 
 
Predictors:  
ECORISK at all ages – ecorisk variable  
Individual indicators of ecorisk at all ages -  Deprived, Dirty, Dangerous, Disorganized  
 
Outcomes: 
DNA methylation at age 18: 
• 450k probes  
• Genes implicated in stress reactivity: NR3C1, FKBP5, BDNF, AVP, CRHR1, SLC6A4, OXTR 
• Genes implicated in inflammation: CD1D, CCL1, F8, IL8, KLRG1, LTA4H, NLRP12, PYDC1,  

SLAMF7, TLR1, TLR3.5 
• Polyepigenetic scores for: inflammation, obesity, smoking, and schizophrenia 
 
Potentially relevant child phenotypes: 
Inflammation: 

• CRPmgL18 – CRP at 18 
 
Obesity:  

• BMI – BMI at age 18 
• OVERWEIGHT – overweight or obese at age 18 

 
Smoking: 

• SMKPKYR – smoking, pack years (age12 to 18) 
 
Schizophrenia 

• PBF  – general psychopathology at age 18 
• THGBF – thought disorders at age 18 

 
Neighborhood covariates 

• SCLLUrban – indicator of urbanicity of neighborhood at age 12 
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