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Abstract

Residents of distressed urban areas suffer early aging-related disease and excess mortality. Using a
community-based participatory research approach in a collaboration between social researchers
and cellular biologists, we collected a unique data set of 239 black, white, or Mexican adults from
a stratified, multi-stage probability sample of three Detroit neighborhoods. We drew venous blood
and measured Telomere Length (TL), an indicator of stress-mediated biological aging, linking
respondents’ TL to their community survey responses. We regressed TL on socioeconomic,
psychosocial, neighborhood, and behavioral stressors, hypothesizing and finding an interaction
between poverty and racial/ethnic group. Poor whites had shorter TL than nonpoor whites; poor
and nonpoor blacks had equivalent TL; poor Mexicans had longer TL than nonpoor Mexicans.
Findings suggest unobserved heterogeneity bias is an important threat to the validity of estimates
of TL differences by race/ethnicity. They point to health impacts of social identity as contingent,
the products of structurally-rooted biopsychosocial processes.

Arline T. Geronimus, Stanford University, Center for Advanced Study in the Behavioral Sciences, 75 Alta Rd, Stanford, CA 94305,
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Background

Determining how structurally rooted social processes work through biological mechanisms
to impact health is fundamental to understanding racial, ethnic, and socioeconomic health
inequality. Everyday challenges shaped by social disadvantage may trigger repeated
activation of physiological stress processes (Geronimus 1992, Geronimus 2001, Geronimus
et al. 2006, Geronimus et al. 2010, McEwen 1998a, Sapolsky, Romero and Munck 2000).
Researchers posit that prolonged psychosocial or physical challenges to metabolic
homeostasis can increase disease susceptibility and promote the early onset of chronic
conditions (Geronimus and Thompson 2004, Geronimus et al. 2007, James 1994, Steptoe et
al. 2002). The weathering hypothesis suggests that the cumulative biological impact of being
chronically exposed to, and having to cope with, socially structured stressors can increase
health vulnerability and accelerate aging in marginalized populations (Geronimus 1992;
Geronimus et al. 2006, Geronimus, et al. 2010).

The weathering hypothesis emphasizes that population differences in the early onset of
chronic disease result from the qualitatively different life experiences, exposure to stressors,
and access to coping resources associated with salient social identities or assignments such
as race or ethnicity, from conception through at least middle adulthood. It augments life
course theories that highlight epigenetic programming for later life disease occurring in
utero or during other developmental periods in youth, by emphasizing how structured life
experiences in adulthood continue to impact health trajectories. (See Colen (2011) and
Geronimus (2013a) for discussion of weathering and alternative life course theories in the
context of marginalized groups). While initially applied to reproductive-age women and
birth outcomes, the weathering hypothesis also has been studied in the context of population
differences for men and women across the life-span (Geronimus et al. 1996, Geronimus
2001, Geronimus et al. 2006, Geronimus et al. 2007). Evidence that population differences
in morbidity and mortality are most pronounced in young adulthood through middle-age
(Adler et al. 2013, Geronimus 2001, Geronimus et al. 2006, Geronimus et al. 2007, House et
al. 1994, Kim and Miech 2009) is consistent with the weathering hypothesis. Most empirical
evidence of weathering pertains to African Americans; yet, populations subject to such
health impacts are a broader and more variegated set than suggested by a black-white binary.
Evidence of such health impacts also have been seen in the ethnic, religious, socioeconomic,
sexual orientation, gender, geographic, or nativity divisions within population groups,
including whites (Gee et al. 2006, Geronimus 2000, Geronimus and Thompson 2004,
Geronimus and Snow 2013, Hatzenbuehler, Keyes and Hasin 2009, James 1993, Pearson
and Geronimus 2011, Viruell-Fuentes 2007)

The concept of allostatic load (McEwen and Seeman 1999, Seeman et al. 1997) -- that
overexposure to stress hormones can cause wear and tear on important body systems -- lends
biological plausibility to the weathering hypothesis. Humans respond to stressors through
the cooperative effects of the primary stress response systems — the sympathetic nervous
system (SNS) and hypothalamic-pituitary-adrenal (HPA) axis (Sapolsky, Romero and
Munck 2000). With repeated activation of the stress response systems, these mechanisms
become inefficient, resulting in an allostatic load on the body’s systems (McEwen 1998b).
Allostatic load may contribute to the development or progression of a broad range of clinical
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and preclinical pathological processes, including cardiovascular disease, obesity, diabetes,
susceptibility to infection, carcinogenesis, and accelerated aging (Geronimus and Thompson
2004, Geronimus et al. 2010, Khansari, Shakiba and Mahmoudi 2009, McEwen and Seeman
1999).

Algorithms to measure allostatic load generally account for the number of stress-related
biomarker values for a subject that places him or her in a high-risk category — generating an
allostatic load score. Studies using different algorithms find evidence that racial/ethnic or
socioeconomic inequalities in allostatic load score increase across young through middle
adulthood, consistent with weathering (Geronimus et al. 2006, Seeman et al. 2010).
However, by necessity, biomarker selection for research is data driven. And while certain
components are common to most algorithms, no standard score exists that can be compared
across studies.

Telomere Length as an indicator of weathering

An alternative biomeasure for studying weathering might be telomere length (TL) in a
subset of leukocytes called peripheral blood mononuclear cells (PBMC)? (Geronimus et al.
2010). Telomeres, the stabilizing caps on chromosomes that protect them from deterioration,
are made up of base pairs (DNA-protein complexes3). Telomeres shorten (lose base pairs)
with cell division until a point at which the chromosomes are functionally impaired and
exhibit genomic instability, resulting in cellular senescence or death (Blackburn, Greider and
Szostak 2006). Because cell division is necessary to replenish damaged cells, senescence
could theoretically pose a serious problem in tissues and organs when a critical number of
cells are no longer dividing.4

TL in an individual is determined by many factors, among them genetics, health behavior,
cell environment, and physical environment. TL differences in twins typically become more
pronounced with age, illustrating the role of environmental factors in transforming a
common genotype into different phenotypes (Cherkas et al. 2006, Fraga et al. 2005) and
suggesting that adult life experiences have molecular impacts that affect aging. Shorter TL
appears to signal higher risk of infectious and chronic disease onset (Zalli et al. 2014).
Although some studies (e.g., Harris et al. (2006)) find no significant association between TL
and mortality, several other large studies do, including one prospective study of 100,000
subjects (Bojesen 2013).

1The first allostatic load algorithm, which had 10 components (Seeman et al 1997) has been modified on the basis of available data to
encompass fewer or a greater number of components in other studies. As theory on ideal measurement of allostatic load is refined and
potential components of score algorithms expanded, the suitability of any single data set for measuring the construct becomes more
strained and findings from studies analyzing different data sets become less comparable to each other.

Telomere length from different tissues and cell types of the same individual are highly correlated (Lin et al 2010; Friedrich et al.
2000), suggesting PBMC TL is a good representative of TL in other tissues from the same individual. PBMC TL is an average across
different cell subpopulations: T cells, B cells, NK cells and monocytes. Thus, PBMC TL may not inform about the specificity of
immune aging, which might vary across these cell types. However, PBMC TL is the metric that has been most commonly linked to
morbidity and mortality in the human literature.

Base pairs are the four unique building blocks of DNA that, once ordered into sequences, make up genes. At the caps of each
chromosome, telomeres are made of a short, repeated sequence of DNA base pairs complexed with proteins.

The evidence that short telomere length causes replicative senescence in human cells is well documented. Researchers suggest that
cellular senescence may also be linked to inflammation and increased cancer risk, as senescent cells secrete pro-inflammatory
cytokines and substances that trigger cell division and suppress cancer-prohibitive mechanisms of neighboring cells (Allsopp et al
1992, Campisi 2005, Chan and Blackburn, 2004, Effros et al 2005)
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A rapidly growing set of studies finds that life stressors are associated with TL in diverse
circumstances and populations (Damjanovic et al. 2007, Drury et al. 2012, Epel et al. 2004,
Kananen et al. 2010, Tyrka et al. 2010). Some studies have linked PBMC TL to biological
stress responses via activation of the sympathetic nervous system (SNS) and hypothalamic-
pituitary axis (HPA) (Epel et al. 2006, Parks et al. 2009, Tomiyama et al. 2012).

Breaks in DNA structure due to oxidative stress are not easily repaired in telomeres.
Because oxidative stress is an important mechanism linking aging, psychosocial stress,
biological stress response, inflammation, and disease development, PBMC telomere length
may serve as a powerful marker of overall biological age (Bauer, Jeckel and Luz 2009,
Demissie et al. 2006, Harrison et al. 2003, Valdes et al. 2005).5 However, whether TL is an
aging determinant in itself or, instead, registers the cumulative effects of other aging
determinants remains to be fully explicated (Aviv and Bogden 2010). In either case, if
frequent activation of physiological stress mechanisms over time causes weathering, and if
TL is negatively associated with biological stress activation, then population TL in young
through middle adulthood may be a parsimonious indicator of population weathering.

Studies of racial/ethnic, socioeconomic, or residential differences in TL are few, yield
conflicting results, and sometimes suffer from critical methodological and, we argue,
paradigmatic weaknesses. Samples in most TL work are highly select, racially
homogeneous, or convenience samples (Cherkas et al. 2006, Epel et al. 2004), with
socioeconomic measures completely absent in some studies of racial variation (Hunt et al.
2008). Some multiethnic TL studies include only healthy individuals at baseline, excluding
those who experienced health deterioration at an earlier age (Adler et al. 2013, Carroll et al.
2013, Diez Roux et al. 2009); and studies focusing on socioeconomic characteristics often
have little racial/ethnic diversity (Steptoe et al. 2011). Some studies of TL are limited to
children (Mitchell et al. 2014, Theall et al. 2013) or elderly populations (Adler et al. 2013),
excluding the young-through-middle-adult ages when social inequalities in health are largest
and when TL is most likely to indicate weathering.®

One recent study measuring socioeconomic characteristics used national samples and is thus
more representative (Needham et al. 2013). Yet, the authors do not consider interactions of
income with race/ethnic group, despite compelling evidence that the relationship between
income and health varies in magnitude and sometimes direction by racial/ethnic group,
nativity status, and, among immigrants, duration of residence in the U.S. (Kaestner et al.
2009, Pearson 2008, Viruell-Fuentes, Miranda and Abdulrahim 2012). Moreover, given the
nature of national survey sampling, such surveys are underpowered for the study of the
poorest blacks, whites or Latinos. In national samples, whites who are as poor as the poorest
blacks or Latinos are scarce and disproportionately rural, making estimates of the size of

SResearchers consistently report a robust inverse relation between TL and chronological age (Benetos et al 2001, Frenck, Blackburn
and Shannon 1998, lwama et al 1998, Lindsey et al 1991) most likely due to telomere shortening that occurs as cells replicate, and
possibly also to higher proportions of more differentiated, or memory, cells in the blood samples of older populations (Lin et al, 2010).
Researchers also have reported accelerated telomere shortening as an underlying factor in conditions and diseases associated with an
accelerated aging process (Allsopp et al 1992, Baird et al 2004, Metcalfe et al 1996, Mitchell, Wood, and Collins 1999, Vaziri et al
1993, Wynn et al 1998, Yankiwski et al 2000).

Children are too young to confidently interpret TL as the culmination of a long-term process, especially as rapid telomere attrition is
expected in children and may signal normal growth rather than any pathological or pre-pathological process (Kuh 2006). The elderly
may show little population variation in TL owing to survivor bias (Geronimus et al 2010).
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racial or ethnic differences in health subject to serious residual confounding (Kaufman,
Cooper and McGee 1997). Additionally, if weathering is sensitive to life experience and
environmental context, the assumption of national sampling -- that a randomly selected low-
income white, black or Latino is representative of all comparably low-income whites,
blacks, or Latinos -- cannot be taken as axiomatic across time and place.

Two recent studies provide suggestive evidence that TL is sensitive to aspects of residential
place. Theall et al. (2013), who studied TL in a convenience sample of African American
children, found that those living in high-poverty census tracts or “high disorder”
environments as defined by caregiver reports had lower salivary TL than others. Needham et
al. (2014) analyzed data on middle-aged to elderly adults from New York and Los Angeles
who were selectively healthy and economically advantaged. Their data included respondent-
reported measures of neighborhood characteristics. After controlling for sociodemographic
characteristics, the researchers found that while a neighborhood’s perceived lower aesthetic
quality, safety, and social cohesion were associated with shorter leukocyte TL,
neighborhood disadvantage, defined at the census tract level, was not. The study did not
examine the structurally-rooted experience of residential setting or any intersectionality
between residential setting and local population dynamics across racial/ethnic or
socioeconomic groups.

More broadly, previous social epidemiological investigations of TL are designed under a
common biomedical and social epidemiological paradigm that implicitly views race/
ethnicity or socioeconomic group as risk factors, with health disparities modeled to be
determined by some combination of race and socioeconomic group that are either additive in
their effects or potential confounders of each other. Neighborhood studies often rely on
census administrative units or test for independent effects using a small number of setting
characteristics, rather than viewing neighborhoods holistically as places whose meaning to
residents may be structured by historical factors, ideologically informed expectations, and
social ties. When taking this risk factor approach to the social determinants of health,
statistical correlations to a measured aspect of a setting or a racial/ethnic/socioeconomic
group may obscure the more complex underlying processes that shape the observed
patterning of population health (Geronimus 2000, Pearson 2008, Reed and Chowkwanyun
2011).

Given the nature of quantitative analysis, we cannot escape this common paradigm
completely. However, we modify it by using a problem-driven and theory-based, rather than
methods driven approach (Shapiro 2004); by considering key interactions; and by applying
the analysis in one setting — avoiding the assumption that race or socioeconomic group is
experienced similarly everywhere and has a universal impact on TL.

We focus on a high-poverty urban area because residents of such areas have the steepest
age-gradient increases in morbidity and mortality from young through middle adulthood
(Geronimus, Bound and Waidmann 1999). We consider a specific setting — Detroit —
allowing us to account for the particular race-conscious history, current political economy,
population dynamics, and use of residential space as staging ground for enacting race and
class. The racial/ethnic population dynamics of note include the influx of Mexican
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immigrants, and the changing composition of blacks and whites over time in absolute
number, in proportion to each other, and in socioeconomic compaosition.

The current study is an interdisciplinary collaborative effort between researchers in
population studies and in cellular biology and biochemistry. We employ a community-based
participatory research (CBPR) approach, allowing us some grounding to interpret findings
through the understandings of the participants, rather than only through pervasive
characterizations of demographic groups or their behavior in the “power” literature (Shapiro
2004, p.202). Primary data collection among residents of these neighborhoods allowed us to
explore distinct aspects and experiences of “disadvantage” among residents of one locality,
and to consider whether stressors may crystallize differently among them to pattern a
biomarker of age, rather than viewing disadvantage as comprising distinct, universal, or
reified risk factors.

Detroit offers an important opportunity to examine the relationship between health and
urban disinvestment, race-based residential segregation, and additional stressors
characteristic of poor urban settings (Schulz et al. 2000, Schulz et al. 2005a, Sugrue 1996).
Population out-migration and economic divestment over the past five decades have reduced
Detroit’s population from 1.8 million in 1950 to just 706,585 in 2011. Out-migration of
middle- and high-socioeconomic status whites has been particularly dramatic, reflected in
the proportionate growth of African American residents from about 30% in 1950 to about
85% today. A larger fraction of Detroit children (about 60%) live below the poverty
threshold than in any other large US city (Annie E. Casey Foundation 2014). Also, the
Mexican population, a significant presence in Southwest Detroit since the 1940s, grew
substantially with the post-1965 upsurge in immigration, and especially during the 1990s
(Waters, Ueda and Marrow 2007).

Detroit’s worsening problems of poverty, disinvestment, and a shrinking tax base
occasioned by macroeconomic restructuring and the loss of manufacturing jobs toward the
end of the 20th century has been intensified in the wake of the 2008 banking crisis.
“Austerity urbanism” (Peck 2012), or extreme local fiscal retrenchment, culminated in 2013
with the state governor declaring a financial crisis in the city and appointing an emergency
manager, and the subsequent filing of the largest Chapter 9 municipal bankruptcy in U.S.
history. Between 1990 and 2013, Detroit reduced its municipal workforce by nearly half.
The state’s decreased commitment to funding public services in Detroit is also manifest in
Detroit’s renegotiated pay and pensions for the current and former public service workforce,
its approximately 78,000 abandoned buildings, scarcity of working residential street-lights,
and the residential water shut-offs that were recently protested by the UN as a human rights
violation (UN Office of the High Commissioner for Human Rights 2014).

Theoretical framework and Hypotheses

We theorize that structurally rooted biopsychosocial processes contribute importantly to
racial/ethnic or socioeconomic health inequality (Gee and Payne-Sturges 2004, Geronimus
and Thompson 2004, Geronimus et al. 2010, Montoya 2013, Schulz et al. 2005a). This
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position assumes that all U.S. residents are racialized actors in a pervasive paradigm by
which historical legacies and ongoing structural processes empower or protect some racial/
ethnic populations and marginalize others, advantaging the former in access to economic
resources, opportunities, healthy residential or work environments, coping options, and
social identity safety in specific settings (Geronimus 2013b). On a concrete and material
level, historical race-conscious beliefs, policies, and practices are fundamental causes of
poor urban health because they act to segregate blacks into low-income communities and to
spur sustained disinvestment in these areas that ultimately affects all residents (Geronimus
2000). Black, white, Mexican, or other residents of high-poverty urban areas with
predominantly black populations are likely to experience limited educational and
socioeconomic opportunities; overburdened social networks; physical environments marked
by urban decay and weak infrastructure; high levels of psychosocial distress; concern for
physical safety; and psychological responses that include anger or hopelessness — any of
which may contribute to poor health.

Additionally, and based on accumulating evidence, we theorize that health is affected not
only by material resources and physical exposures, but also by social psychological forces
affecting residents’ sense of belonging, cultural affirmation, and identity safety (Geronimus
2013b). For example, Pearson (2008) highlights that social epidemiological frameworks and
models based on conventional SES measures may mask heterogeneity across groups by
overestimating the health benefits of income or education, per se, by underestimating the
psychosocial and physical health costs of resource acquisition or human capital investment
for some groups who face increasingly frequent “othering” encounters as they work toward
becoming socially mobile (Colen et al. 2006, Viruell-Fuentes 2007), and by overlooking the
value of alternative cultural orientations (James 1993) that may be more easily maintained
by immigrants or in ethnic enclaves and racially homogeneous neighborhoods than in
integrated settings.

At the population level, all of these health inputs — the material, the physical environmental,
and the social psychological — are patterned historically and by present-day context and
circumstance. Moreover, they are maintained or experienced through dominant ideologies
such as the American Creed, with its emphasis on self-sufficiency and rewards for hard
work and good character (Geronimus and Thompson 2004) and by dominant cultural
frameworks (James 1993) that shape common understandings regarding who is deserving
and who is “othered” in response to their race/ethnicity; income poverty, lack of power and
prestige; or place of residence (Geronimus and Thompson 2004, Keene and Padilla 2010).
The negative health impacts of these social psychological inputs occur through repeated
activation of physiological stress mechanisms related to threatening contingencies of social
identity (Geronimus 2013b) and microaggressions; sustained cognitive or emotional
engagement with adversity (James 1994); and/or the use of health-harmful stress
management behaviors including smoking and unhealthful eating (Jackson, Knight and
Rafferty 2010), any of which could affect TL.

Conversely, strong social ties and networks among stigmatized racial/ethnic group members
may protect health by providing identity safety in the face of negative stereotypes and an
affirming alternative cultural framework to the dominant, marginalizing one (Geronimus
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2000, Geronimus and Thompson 2004, James 1993, Pearson and Geronimus 2011, Viruell-
Fuentes 2007). James (1993) suggests such cultural affirmation may become “progressively
more important to preserving the health of its members as the group’s (economic) strengths
... diminish”(James 1993, p.135; Pearson and Geronimus 2011).

Thus, we conceptualize race as intersectional with class and with structure, and do not
assume that the socially patterned health implications of structural processes always
disadvantage those of color relative to whites, or those with lower household incomes
relative to those with higher income, or that either of these categorizations (race or class) is
monolithic. In this perspective, associations between race/ethnicity and health are
theoretically mutable across class, historical moment, geographic place, and throughout the
life course and can be moderated by the strength and adaptability of autonomous protections
(Geronimus 2000). They are contingent on socially situated experience and knowledge, on
the degree to which interactions and cues are interpreted as either affirmative of or
threatening to social identity, and on the degree to which specific encounters activate,
prevent, or curtail harmful physiological processes in specific settings (Geronimus 2013a,b)

Following from this theoretical frame, we hypothesize that the effects of material,
psychosocial, and environmental stressors induce weathering among Detroit residents,
which is expressed in accelerated biological aging as gauged by telomere length. We expect
that the pattern of weathering across racial/ethnic and socioeconomic groups will reflect
both the environmental conditions faced by all residents and the variation among groups in
experiences that either affirm and protect or stigmatize and threaten social identity (Becares,
Nazroo and Stafford 2009, Geronimus 2013b, Halpern and Nazroo 1999, James 1994,
Pearson 2008, Viruell-Fuentes 2007, Viruell-Fuentes, Miranda and Abdulrahim 2012). We
hypothesize the importance of this social psychological dimension in addition to the
material, such that:

Hypothesis 1: Interaction effects between race/ethnicity and poverty status on TL
will be significant.

We hypothesize such interactions because, in a weathering framework, poverty is not only a
marker for household material disadvantage, but also a marker for how the history of
poverty and segregation in Detroit structures current systems of risk pooling, opportunities
for cultural affirmation, and exposures to “othering” encounters. For example, while blacks
have suffered the longest history of poverty and marginalization of the three racial/ethnic
groups examined here, they also may benefit from greater ethnic density, which acts to
reduce othering encounters, to enhance cultural affirmation, and enables the establishment of
autonomous risk-pooling protections and deeply rooted social ties.

Hypothesis 2: Neighborhood stressors will be associated with TL in absolute terms
and in accounting for differences in TL across race/ethnicity x poverty groups.

Because we theorize that population differences in TL are expressions of a structurally
rooted biopsychosocial process that works through physiological stress-process activation to
accelerate aging in marginalized groups, we expect that measured stressors will impact TL
and contribute to explaining any race/ethnicity x poverty interactions we find. Consistent
with our theoretical approach, our goal is to estimate whether the measured stressors, writ
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large, account for TL within or across populations rather than to delineate the precise degree
that a given measured stressor mediates Detroit population-variation in TL. This goal
recognizes that our data is cross-sectional and measurement of stressors can be imprecise
and incomplete; and also that the underlying weathering theory suggests that any given
stressor may be a marker for variation in stress process activation across populations, rather
than a measure of a particular or uniform impact of the labeled stressor, or “risk factor”,
itself. While a finding that a specific measured stressor statistically accounts for a share of
population differences in TL will be suggestive for future research, the first-order goal here
is to examine whether unobserved heterogeneity in life experience across populations in
specific settings is an important threat to the validity of interpretations of observed racial/
ethnic population differences in TL as static or essential.

Data and Methods

Overview

The Healthy Environments Partnership (HEP), a community-based participatory research
(CBPR) partnership, began in 2008 to field the second wave of a community survey
designed to examine and address aspects of Detroit’s social and physical environment. The
study used a stratified, multi-stage probability sample of residents aged 25 and older living
in three low-to-moderate income neighborhoods (Schulz et al. 2005a): Eastside, a segregated
high-poverty black community; Northwest, a relatively more affluent, largely black but less
segregated community; and Southwest, a high-poverty community with a racial/ethnic mix
of residents, including the majority of the city’s Mexican population, US-born and
immigrant. (Southwest residents were oversampled to allow meaningful comparisons on the
basis of ethnicity.) We were able to add venous blood collection to this second wave of
HEP, completing data collection in 2011 and conducting subsequent laboratory analyses for
TL using well-established methods. We estimated a series of nested models to regress TL
(base pairs) controlling for age and sex, on potential stress indicators: socioeconomic
characteristics, psychosocial stressors, neighborhood satisfaction, psychological response
styles, and health behavior variables. To avoid spurious inferences, we applied a multiple-
testing procedure (Benjamini and Hochberg 1995) and conducted robustness checks on
study findings using matching methods (Hausman 1978, Rubin 1973a, Rubin 1973b)

Data Collection

HEP participants who expressed interest in the telomere study were given information
regarding the purpose of the study and participation requirements. After completing the
informed consent process and an in-person interview, 239 (92% of those asked and 52.0% of
the full wave 2 participants) enrolled in the telomere portion of the study. Of these, 227
(87% of those expressing interest; 49% of all HEP 2008 survey participants) provided blood
samples for analysis; the other 11 individuals ultimately declined to give a blood sample or
were unable to complete the blood draw for medical or physical reasons. We also excluded
from the current analysis the 25 participants (10% of those expressing interest; 5% of all
HEP 2008 survey participants) whose self-reported race/ethnicity was other than white,
black, or Mexican (n = 3); or reported that their education was completed outside of the U.S.
(n = 4). Multiple imputation was used to generate missing poverty-to-income ratios (PIR);
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however, 7 of these participants had inconsistent imputation results and we, thus, also
exclude 18 individuals who did not provide income data. The final sample for the current
analysis included 202 participants. In terms of race/ethnicity, gender, education, and
neighborhood of residence, participants in the TL portion of the study were not significantly
different from individuals who were unable or declined to participate, but they were older
(mean age 49.7 years vs. 43.7 years, p = 0.04) and less likely to have a household income of
$70,000 or higher (10.0% vs. 28.6%, p = 0.01).

A phone call or home visit was made the evening before scheduled blood collection to
remind participants of the protocols and answer participant questions. 7 All blood collection
tubes and accompanying paperwork were labeled with identification numbers only and all
lab personnel were blind to respondents’ identities and sociodemographic characteristics.
Blood for TL analysis was processed for shipment to the Blackburn Lab at the University of
California, San Francisco. Specifically, peripheral blood mononuclear cells (PBMCs) were
pelleted, washed, flash-frozen in liquid nitrogen, and stored at —80°C; then they were packed
on dry ice for shipment to the lab using FedEx Overnight services and adhering to all
requirements for the shipment of blood products.

Outcome Variable: Leukocyte Telomere Length (TL)

All measurements were made in the Blackburn Lab using the telomere length measurement
assay that was adapted from the published original method by Cawthon (Cawthon 2002, Lin
et al. 2010). The Blackburn Lab has shown excellent reliability in measuring TL, expressed
here in numbers of base pairs, with correlations of r = 0.999 in duplicate samples. Further,
the lab has shown excellent reproducibility, with an inter-assay coefficient of variability of
6.1. (See appendix for details of the telomere thermal cycling profile, primers used, and
controls for inter-assay variation.)

Explanatory Variables

Age was measured in years based on the respondent’s date of birth and the date of the study
interview. Race/ethnicity and Sex were self-reported. Poverty-to-Income Ratio (PIR) was
calculated based on the respondent’s household income relative to the federal poverty level
designated for the participant’s household size, with a PIR value of >1 for incomes greater
than the household size-specified federal poverty level, and <1 for incomes below it. Highest
level of education included four categories: less than a high school degree; high school
degree or general equivalency degree; some college or an associate degree; and bachelor’s
degree or higher. Safety stress was assessed using three questions regarding how often

Tritical to the success of the project was developing data collection techniques appropriate for a largely low income multi-ethnic
urban population. The project director, a Spanish speaking Black American male with training and experience in Community Based
Participatory Methods, directly supervised the collection of every data point. The project protocol required a phone call the evening
before the blood draw to remind participants of the scheduled data collection, the fasting protocol and the importance of not drinking
alcohol or smoking cigarettes 12 hours before the collection. To facilitate adherence to the fasting protocol all blood collection was
scheduled between 8 and 10:30 a.m. and a light breakfast was provided after the blood draw. A health assessment data collection
survey at the time of the blood draw appointment directly asked the participants if they had eaten in the past 12 hours. Those who had
eaten too recently were rescheduled for the blood draw on another morning. During the initial 6 weeks of data collection
approximately 15 percent of participants did not meet the fasting protocol, and, thus, could not complete blood collection at the
scheduled time. The project director then instituted a practice of home visits the night before scheduled blood collection to remind
participants of the protocols and answer any questions participants might have. Implementation of these home visits reduced protocol
non-adherence and resultant rescheduling to approximately 5 percent.
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respondents worry about safety in their home or neighborhood. Responses ranged from 1
(never) to 5 (always). Perceived unfair treatment was measured using 5 items from the
everyday unfair treatment scale (e.g., treated with less courtesy than others, treated as if
you’re not as good as others), modified from the Detroit Area Study (Jackson and Williams
2002, Williams et al. 1997). Responses for frequency of perceived unfair ranged (never) to 5
(always).

A series of 7 questions using a 5-point agreement scale assessed respondents’ perceptions of
their Neighborhood physical environment — both negative physical features of their
neighborhood (e.g., heavy car or truck traffic; air pollution; contaminated land; vacant
homes and lots in the neighborhood; noise pollution) and positive physical features (well-
maintained homes; clean streets, sidewalks, and vacant lots) (Israel et al. 2006). Higher
scores on this scale reflect better perceived neighborhood physical environment, with more
positive and less negative features.

The Negative social interactions scale, adapted from Schuster, Kessler, and Aseltine (1990),
quantified the frequency with which friends and family members either 1) made too many
demands on the respondent or 2) criticized the respondent or the respondent’s behavior.
Responses ranged from 1 (never) to 5 (always).

Neighborhood satisfaction was coded using a 5-point Likert scale characterizing level of
agreement to a single item: “I would move out of this neighborhood if I could.” The item
was reverse-coded such that in the Tables, “strongly agree” implies high levels of
neighborhood satisfaction.

Consistent with our orientation toward lived experience, the neighborhood-level questions
(neighborhood physical environment, neighborhood satisfaction) were in a section of the
HEP survey that did not define “neighborhood” explicitly. Participants responded according
to their own definition.

Anger out was measured using a 4-item scale (Spielberger et al. 1985) regarding how often a
person argues with others, strikes out, says nasty things, or loses his or her temper while
feeling angry or mad. Hopelessness was measured using level of agreement to two items
from the Beck Hopelessness scale (Beck et al. 1974): “The future seems to be hopeless, and
I can’t believe things are changing for the better” and “I feel it is impossible for me to reach
the goals | strive for.” Higher scores for anger or hopelessness reflect more frequent
expressions of anger or stronger agreement with hopelessness statements, respectively.

Using survey items derived from previous studies (Frazier, Franks, and Sanderson 1992,
Gentry et al. 1985), respondents who reported never regularly smoking tobacco products
were the reference category relative to current regular smokers and to former regular
smokers. During the interview, weight was measured using an electronic scale; height was
measured with a tape measure. Adiposity was measured using body mass index (BMI),
calculated using the standard procedure of dividing weight in pounds by height in inches
squared, then multiplying by a conversion factor of 703. According to standard conventions
(National Institutes of Health 1998), BMIs were categorized as “obese” (BMI = 30.0),
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“overweight” (BMI = 25.0-29.9), and a referent group of all others (BMI < 24.9, including
four “underweight” participants with BMIs < 18.5)8.

Statistical Analyses

Results

We regressed TL (base pairs) on the above set of variables in a series of nested models. All
models included respondent race/ethnicity, age, and sex. We also controlled for continuous
PIR for comparison to other studies. However, given earlier evidence of interactions
between race/ethnicity and poverty status, we stratified each racial/ethnic group by PIR and
sequentially added education, psychosocial stressors, neighborhood satisfaction, response
styles, smoking, and BMI.°

Because the HEP data do not represent a simple random sample, we accounted for
stratification and clustering by employing the survey data commands built into STATA.
Weights were created to ensure appropriate representation of racial and ethnic groups across
SES in the sample, and were applied to adjust for probabilities of selection within
socioeconomic strata and non-response bias, and to match the sample to Census 2000
population distributions of the study communities (Schulz, et al., 2005a). Although the
proportion of missing data was low, we used multiple imputation procedures derived from
Bayesian models (Barnard, Rubin and Schenker 2001) to impute missing values via the
%IMPUTE routine (Imputation and Variance Estimation software, Ann Arbor MI) in SAS
9.1 (SAS Institute Inc, Cary NC, 2002-2003). Multiple imputations allowed us to use the
complete case approach and thus obtain robust standard error estimates (Rubin 1996,
Schafer 1997).

Sample description

As shown in Table 1, the household income distribution is far more comparable across
blacks, whites, and Mexicans in the Detroit sample than in the nation as a whole.

As shown in Table 2, poverty rates among study participants aged 25 to 64 years are more
than double the national rate for blacks and Mexicans, and six times the national rate for
whites. Poverty rates in Detroit are roughly comparable across race/ethnic groups, at 55.6%
for whites, 50.0% for blacks, and 52.3% for Mexicans, while nationwide twice as many
blacks and Mexicans are in poverty than whites. Greater percentages of study participants
also report having less than a high school education than nationally, with the difference
especially stark among white participants, who are almost four times more likely to have
less than a high school education than their counterparts nationwide. Also, compared to
national averages, the study sample has smaller percentages of the youngest and oldest
adults — results consistent with younger adults moving out of the financially-strapped city in

8As robustness checks, we alternated this measure of BMI with a continuous BMI measure, with a categorical BMI variable that
separated out the four underweight individuals, and also with a continuous variable measuring waist circumference.

We initially performed models separately by sex including estradiol in models for women. As inclusion of that variable did not affect
the findings, we dropped it and report models including men and women together.
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search of better jobs or better resourced residential areas (Geronimus, Bound and Ro 2014)
and with older adults experiencing excess mortality (Geronimus, Bound and Colen 2011).

The mean telomere length in the study sample, adjusted for age and sex, was 5,624 base
pairs, which is lower than, but within one standard deviation of, the mean TL found in a
study by Needham, et al. (2013) that used a national sample with a similar age distribution,
and also conducted TL measurements in the Blackburn Lab.

Regression Results

Tables 3 and 4 show coefficient estimates from the nested regression models. Consistent
with expectations based on prior research, TL decreased with age (—=16.54 base pairs, p<.00)
and was longer among females than males (199.76 base pairs, P<.01). In the baseline
(Model 1) — and as illustrated in Figure 1 (Panel A for women, D for men) we found no
statistically significant differences in estimated TL among whites, blacks, and Mexicans in
the Detroit sample.

When we entered PIR as a continuous variable (Table 3, Model 2’A), we found that having
a higher PIR was associated with longer TL (15.19 base pairs, p<0.01). To test the
proposition that the experience of being in poverty and coping options may differ across
racial/ethnic populations, we added interaction terms for race/ethnicity x PIR as our income
variable (Model 2’B). We found that the positive effect of PIR was less for blacks than for
whites (15 increased based pairs per unit PIR for blacks versus 44 for whites); and became a
negative effect for Mexicans, among whom increasing PIR was associated with shorter
telomeres. When we tested to see whether the three interactions of race/ethnicity x PIR were
jointly statistically significantly different from each other, they were marginally (p<.10).

These differences by race suggest that the effect of income varies by race/ethnicity and may
not be linear. For subsequent specifications (Models 2—-8 in Table 4) we maintained a race/
ethnicity x PIR interaction term. We chose a categorical PIR measure (PIR<v. >1), rather
than using alternative functional forms of the continuous PIR variable for theoretical and
practical reasons, and for ease of presentation.10 The results shown in Model 2’B, which
include continuous PIR x race/ethnicity terms, suggest that finding a significant interaction
between PIR and race/ethnicity is not an artifact of turning to a dichotomous PIR measure.

Model 2 estimates show that living below the poverty level has a large interactive effect for
whites (—327.25 base pairs, p<.01); an insignificant but negative interactive effect for
blacks; and a positive interactive effect for Mexicans that approached statistical significance
(194.34 base pairs, p<.14). Model 3, which includes education measures net of age, sex, and
race/ethnicity x poverty status, indicates that TL is associated with education. Those with
less than a high school education have shorter TL than college graduates (—208.11 base
pairs, p<.08), while those with a high school degree, GED, or some college have shorter TL
than college graduates but longer than high school drop outs. Taking education into account

10Theoretically, because we hypothesize that the effects of social identity on TL vary with context, a flexible nonparametric
specification is appropriate. It is also practical given the sample sizes available. Because of the relative homogeneity in the distribution
of PIR across the three racial/ethnic groups there is little concern that taking a nonparametric approach biases results as it might very
well if national data were being analyzed, where the distribution of and percent PIR varies substantially by race/ethnicity.

J Health Soc Behav. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Geronimus et al.

Page 14

also has suggestive implications for the associations between PIR and TL by race/ethnicity.
Among whites or blacks, their educational distribution is estimated to reduce the association
between PIR and TL by about one-third; while for Mexicans accounting for education
strengthens the association between poverty and longer TL (235.55 base pairs, p <.09). The
differences between the models within race/ethnicity are not statistically significant and for
Mexicans, the joint test for differences between the three race/ethnicity x poverty interaction
terms remains statistically significant (p <.04).

Psychosocial stress measures are added in Model 4. We found opposite and significant
effects on TL for negative social interactions and safety stress: an increase of 67.13 base
pairs (p<07) for safety stress and a decrease of 55.74 base pairs (p<.06) for negative social
interactions. Neither negative physical environment nor perceived unfair treatment showed
an independent effect on TL in this sample, net of the already measured variables. The three
race/ethnicity x PIR interaction terms remain jointly statistically significantly different (p<.
04) in this model.

In Model 5 we see that those expressing greater neighborhood satisfaction have longer TL
than those reporting less neighborhood satisfaction. The estimated association between TL
and reporting the highest level of neighborhood satisfaction is an increase of 215.39 base
pairs (p<.02) relative to having low neighborhood satisfaction. Controlling for neighborhood
satisfaction brings the relationship between poverty and TL closer among the three racial/
ethnic groups, though they remain marginally statistically distinct (p<.10).

As shown in Model 6, the independent association of a participant’s angry response style
and TL was in the expected direction, but was not statistically significant. Hopelessness was
associated with a TL reduction of about 40 base pairs (p<.06). Moreover, inclusion of these
variables accounted for part of the effect of poverty on TL and reduced the differences in
that effect by racial/ethnic group to insignificance. Note one implication of these findings is
that poor Mexicans are less prone to report feeling anger or hopelessness than nonpoor
Mexicans.

Net of other variables, being a current or former smoker was estimated to reduce TL, but not
significantly (Model 7). Nor did it significantly alter the relationship between TL and
poverty across the race/ethnic groups. In Model 8, we found obesity was independently and
negatively associated with TL (-145.22 base pairs, p<.05).

In the final model (Model 8), the variables that remained statistically significantly associated
with TL were age, and, in declining magnitude, white PIR<1 (shorter TL), strong
neighborhood satisfaction (longer TL), female sex (longer TL), obesity (shorter TL), safety
stress (longer TL), negative social interactions (shorter TL), and hopelessness (shorter TL).
To assess whether the measured stressors as a group account for the race/ethnicity x poverty
interaction, we tested the difference between the estimated effect of poverty status on TL
within race/ethnicity between Models 2 and 8. The results are illustrated in Figure 2.
Compared to estimates in Model 2, the measured variables in Model 8 account for a
substantial part, but not all, of the difference in TL between poor and non-poor whites (about
one-third) (p<.09); fully account for the smaller initial difference between poor and non-
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poor blacks (<.04); and increase the advantage of poor Mexicans compared to non-poor
Mexicans by about 20 percent (p<.02). Here, poor Mexicans have longer TL on average than
non-poor whites and, therefore, net of covariates, the longest TL of any group studied.

Using matching methods (Rubin 1973a, Rubin 1973b) to separately estimate the mean TLs
for black and Mexican participants using the same age and gender distribution as our white
participants produced similar estimated mean TLs for blacks and Mexicans, suggesting that
results are not driven by functional form and are applicable to differences across groups in
the full distribution of TL, not only the means.

Discussion

Within and across racial/ethnic groups in our Detroit sample, TL varied according to PIR,
education, safety stress, negative social interactions, neighborhood satisfaction,
hopelessness, and obesity. Net of other variables, we found no independent association with
TL for smoking, being overweight (but not obese), or perceiving everyday unfair treatment.
Most important, as hypothesized, race/ethnicity interacted with PIR to affect TL differently
across racial/ethnic groups.

Based on a few studies with highly select samples that included few to no social covariates,
some concluded that blacks have longer telomeres than whites and turned to biological
speculations to account for their findings, rather than consider possible effects of selection
bias or residual confounding (Adler, et al. 2013; Aviv et al. 2009; Hunt et al. 2008;
Needham et al. 2013; Zhu et al. 2011).11 This study shows that telomere lengths of racial/
ethnic groups in Detroit are not consistently ranked and vary depending on context and
experiences not accounted for in other research. Once we stratified each racial/ethnic group
by PIR, blacks’ average TL was shorter (but not statistically significantly) than the TL for
non-poor whites, and the greatest variation was between poor and non-poor whites (see
Table 3 or Figure 1). More generally, we found that TL for all racial/ethnic groups was
sensitive to the addition of socioeconomic, psychosocial, coping, and biobehavioral
variables, suggesting some earlier investigators may have too quickly assumed that
estimates of racial differences in their studies are universal (Hunt et al. 2008). Given the
sensitivity of TL to the measured covariates, unmeasured differences likely account for the
remaining disadvantage of poor whites and the increased advantage of poor Mexicans in
Detroit, as well.

Several studies find an association between education and TL. In this study, the association
between having less than a high school education and TL was strong, and it intensified in
models including psychosocial and neighborhood stress variables. However, once
hopelessness and obesity were controlled, the association declined, suggesting that, in
Detroit, these factors partially account for the association between TL and having less than a
high school education. This constellation of factors (hot completing high school, being
obese, feeling hopeless) may characterize those who are among the most marginal

Uror example, they argued that since the TL measure used is an average of telomere length across all leukocyte cell types, future
research should assess TL in single cell types to consider the possibility that race-based heterogeneity in cell-type TL explains the
longer telomeres in Blacks than Whites they described.
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community members or are struggling the most. Notably, net of poverty status, we found the
negative association between having less than a high school education and TL was strongest
for whites (—465.37 base pairs, p<.01). One possibility is that, at least in this context, poor
whites may lack the collective strategies for pooling risk that buffer the negative health
effects of material deprivation and stigma for other low-income groups.

Some studies that found an association between education and TL found no association
between TL and income. Adler et al. (2013) and Steptoe et al. (2011) studied older adults —
ages at which income differences are smaller than they are earlier in adult life and when
education better represents socioeconomic position than current income. Needham et al.
(2013) used a continuous poverty-to-income variable to gauge main income effects. This
approach may have obscured a threshold effect on TL of a very high level of material
hardship relative to less impoverished circumstances, and also may have masked the racial/
ethnic diversity in the PIR-TL association that we identified. While we estimated a positive
effect when we entered PIR as a continuous variable, the estimated PIR coefficient masked
important interactions between PIR and race/ethnicity that vary in magnitude and direction.

We found no evidence that perceived unfair treatment was independently associated with
TL. Hypersegregation in the Detroit metropolitan area, and particularly in our survey areas,
means (1) that most blacks in our sample live almost exclusively with other blacks (97% of
Eastside Detroit residents are black), or are the majority group in integrated neighborhoods
(e.g. 70% of Northwest Detroit residents are black); (2) that whites are a clear minority in all
of our Detroit areas (ranging from 2% to 21% of residents); and (3) that Mexicans are
concentrated in Southwest Detroit, where they comprise 60% of the residents. This high
racial/ethnic density for Detroit Blacks and Mexicans may reduce their encounters with
overt discrimination and provide greater identity safety and social support — which may
blunt the impact of unfair treatment on health (Becares, Nazroo and Stafford 2009, Bhugra
and Becker 2005). Our findings suggest that studies of population health disparities using
measures of perceived unfair treatment to represent psychosocial stress or exposure to
racism may not: (1) adequately encompass the many psychosocial stressors that
differentially impact health by race/ethnicity, or (2) measure the most salient indicators of
racism in circumstances where structural rather than interpersonal racism has a predominant
influence on population health (Gee 2002, Jones 2000).

Taken together, these study findings point out the limitations of conventional risk factor
approaches to examining racial/ethnic differences in TL, and suggest that future research
should construe race/ethnicity as a contextually fluctuating conceptual variable (Brubaker
2004); rather than as a bounded and reified entity as is more typical in the “disparitarian”
literature (Reed and Chowkwanyun 2011). The weathering hypothesis interprets TL as a
marker of accelerated aging that is biomechanistically impacted by repeated or chronic
physiological stress-process activation. In the Detroit context, these stress processes are
conceptualized as having been initiated by: physical environmental threats and material
hardship attributable to a history of race-conscious ghettoization and urban disinvestment; a
current political economy guided by austerity urbanism; and interpersonal encounters or
cues that are experienced as threats to identity safety. The stress potential of these
circumstances is heightened when they are interpreted through racial stigma, cultural
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oppression, or acceptance of the American Creed, and reduced by the availability of cultural
affirmation, identity safety, and collective networks where material resources and risks are
pooled (Geronimus and Thompson 2004). How might we understand the race/ethnicity x
PIR interactions through this analytic prism?

Only whites showed results consistent with pervasive social epidemiological understandings
— that is, the poor had shorter TL than the nonpoor — and this disparity was significantly
reduced in models including the measured covariates. What might explain this? Perhaps,
with the exodus of most whites and many jobs from Detroit, the shrinking benefits of labor
union membership and public pensions, and the overall reduction in taxation-based city
services, the poor whites who remain are particularly adversely affected by the social and
ecological consequences of austerity urbanism. Lacking the financial resources, social
networks, and identity affirmation of the past, remaining Detroit whites may have less to
protect them from the health effects of poverty, stigma, anxiety, or hopelessness in this
setting (Geronimus 2000; Pearson 2008). To the extent that whites accept the American
Creed ideology, they may be acutely sensitive to their perceived socioeconomic failures or,
possibly, experience a version of status incongruity between expectations of white privilege
and current circumstance that may be health harmful. Systematic exploration of such
speculations may be a fruitful avenue for continued research.

Among blacks, we saw less differentiation in TL by PIR and found evidence of a different
experience of their neighborhood compared to whites or Mexicans. Much research suggests
the separation between poor and nonpoor blacks in everyday life is less marked than
between poor and nonpoor whites (Geronimus and Thompson 2004, Helflin and Pattillo
2006). Not only do blacks tend to have greater residential proximity owing to residential
segregation, but often poor and the nonpoor blacks are members of the same families and
social networks, practice reciprocal obligations, or have similar experiences of cycling
between low and moderate incomes. Income instability among middle class blacks reflects
job insecurity (Pattillo-McCoy 1999), a relative lack of conventional assets or wealth to tide
them over in rough times (Shapiro 2004), or a network level division of labor, whereby
some are expected to contribute to family economies through income generating work;
others contribute by seeing to the family caretaking needs that facilitate the employment of
others; and still others provide important services and skills as barter exchange (Stack 1974;
Geronimus 1987; Burton and Whitfield 2003; Hicks-Bartlett 2000). Given deep cross-class
affective ties, a strong collective ethos, elastic household boundaries, and shared resources,
PIR measured at the individual household level may not be an apt way to represent or
categorize differences in material hardship or life stressors among Detroit blacks.

The associations between TL and perceptions of neighborhood physical environment and
neighborhood satisfaction were strongest for blacks, with more positive perceptions
associated with an increase of 78.30 base pairs (p<.03) and high satisfaction associated with
387.63 base pairs (p<.00). Also, improved neighborhood physical environment was
positively associated with TL in blacks (78.30 base pairs, p <.03). When we disaggregated
our findings by race/ethnicity in exploratory analyses, we found the counterintuitive positive
association between safety stress and TL (97.09 base pairs, p<.00) solely pertained to blacks.
Perhaps safety stress, physical environment, and neighborhood satisfaction tap into a more
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global construct of how black participants experience Detroit neighborhoods, which on
balance may be more positively than for white or Mexican participants. Previous research in
Detroit found that black residents report significantly lower levels of social and physical
environment stress than do white residents living within the same neighborhoods (Schulz et
al. 2008).

Mexicans reported the highest levels of safety stress, which was marginally associated with
shorter TL (—97.78 base pairs, p<.11). This may, in part, reflect that data collection
coincided with a period of heightened surveillance by immigration officials in Southwest
Detroit. This is an example of a contingency of social identity that is population specific and
may have health impacts.

Our small sample size precluded disaggregating the Mexican population by nativity for
statistical analyses, but we note that Mexicans in the non-poor group were
disproportionately U.S. born, while those in the poor group were disproportionately foreign
born. Moreover, 80% of all poor Mexicans reported that Spanish was the most commonly
spoken language in their homes, regardless of nativity. Spanish speaking in the home may
signal some protection from marginalization by offering an affirming cultural framework
(James 1993; Pearson 2008). As James (1993) first suggested, Mexicans who are better able
to maintain an alternative cultural framework to the dominant U.S. one that marginalizes
them — in this case, as poor Mexicans in Detroit may have done to a larger extent than non-
poor Mexicans — gain some protection from the health impacts of psychosocial and
neighborhood stressors (Geronimus 2013b; Pearson 2008; Viruell-Fuentes 2007; Viruell-
Fuentes, Miranda, and Abdulrahim 2012). The finding that poor Mexicans reported feeling
less anger or hopelessness than nonpoor Mexicans might be consistent with this finding.

Studies document that poor Mexican immigrants often have better health than other poor
people in the U.S. (Markides and Eschbach 2005). However, Mexican immigrants’ health
advantage is reduced with years of residence in the U.S. and disappears altogether in the
next generation (Collins et al. 2001, Kaestner et al. 2009) perhaps as integration heightens
the exposure to and impact of othering experiences (Viruell-Fuentes 2007). As hew
immigrants reside in the United States longer, or as the progeny of immigrants are raised in
the United States, they become aware of and attuned to US racial hierarchies and ideologies,
and are vulnerable to the physiological impacts of racialized contingencies of social identity,
such as the common presumption that they are not legal residents of the US, or truly
American (Garcia 2004). Navigating such prejudices and stereotypes in daily interactions in
integrated settings may activate physiological stress processes.

In interviews with first- and second-generation Mexican women in Detroit, Viruell-Fuentes
(2007) found consistent evidence that the second generation (US-born) Latinas reported
more experiences of discrimination and othering than did their immigrant parents. She
attributed this in part to the protective effects of residence in ethnic enclaves for the
immigrant generation, but also to her finding that the second generation lived with “a
frequent, cumulative, and ongoing burden of exposure to ‘othering’” (Viruell-Fuentes, 2007
p. 1531), noting that: “the long-term labor of constructing an ethnic identity under a
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stigmatizing racial structure and the accumulation of ‘othering’ experiences over the life
course might take a toll on the health of the second and later generations”.

Trade-offs & Limitations

Consistent with our theoretical objectives, we traded off analyzing a large or nationally
representative sample for a primary data collection effort that offered the opportunity to
study a specific place; to include comparably economically disadvantaged whites, blacks
and Mexicans; and to include a broad array of measures to better reflect a complex
theoretical model of racial/ethnic and socioeconomic health inequality. Although this choice
limits the generalizeability of our findings, it is the only way to study a sample of blacks,
whites, and Mexicans who are comparable on critical dimensions.

We considered the alternative of analyzing an existing nationally representative sample, and
re-weighting the population to have an income distribution similar to the one we study here
and comparable across whites, blacks, and Mexicans. It is worth noting that to do so, the
effective sample size for whites in the national data set would be reduced by 85%.
Moreover, the remaining whites would be dispersed across the country, and in large part
regionally separate from economically comparable blacks or Mexicans, increasing the
threats of unobserved heterogeneity and residual confounding.

The comparability of the income distribution and poverty rates across blacks, whites, and
Mexicans in our sample increased the efficiency of the sample for testing our hypotheses
and allowed us to consider the most disadvantaged urban whites, a demographic group
missing from most health research. It also allowed us to consider whether estimated race
effects in TL equations are likely to reflect residual confounding. By estimating nested
models, we eliminated important shares of the TL differences observed across and within
racial/ethnic groups — an important contribution that poses a serious empirical challenge to
those who interpret race-associated TL differences as essentially racial. However, we do not
claim to have fully accounted for all of the unobserved heterogeneity across or within racial/
ethnic, socioeconomic, or geographic groups.

The survey areas do not include very affluent communities or suburban or rural areas,
contrasts that would have allowed us to explore our hypotheses more fully. The sample size
for the current study was also too small for extensive analyses separately by race, poverty
group, nativity or gender. As with most TL research to date, this study used cross-sectional
data. A more revealing test of the weathering hypothesis would be to follow cohorts from
early life through middle age.

Our findings suggest that unobserved heterogeneity bias is a major threat to the validity of
causal interpretations of associations between race/ethnicity, socioioeconomic
characteristics, place of residence and TL. Investigators of TL and health disparities must
continue to wrestle with the ways varying social histories and current social realities
contribute to racial/ethnic differences in health, ideally in interdisciplinary research teams
and/or community-based research partnerships (James 1994; Geronimus 2013a,b;
Geronimus and Thompson 2004; Kaestner et al. 2009; Pearson 2008; Schulz et al. 2008;
Viruell- Fuentes 2007). Though more needs to be learned about what underlies the social
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patterning of TL across and within racial/ethnic groups in Detroit, our findings are
consistent with a conceptual understanding of race/ethnicity as contingent, and of health
implications as context dependent and fluid (Geronimus 2013b). Recent decades have
witnessed growing income inequality, large waves of immigration, newly emergent or
intensified xenophobia, tensions around whether our vision for a post-racial society should
be race-blind or multicultural, and policy disagreements over whether to respond to severe
economic crisis with austerity measures or with stimulus and infrastructure investment. In
this context, it may be particularly necessary for those hoping to eliminate health inequality
to go beyond reliance on static and binary conceptions of the interrelation of race and health
— to acknowledge that marginalization of any identified social group may have population
health repercussions, to broaden the theories of how such marginalization is enacted, and to
view marginalization and its consequences as dynamic and relational.

Appendix A: Laboratory Procedures used for Measuring Telomere Length

Regarding the PBMC purification, we used the BD Vacutainer® CPT™ Cell Preparation
Tube with Sodium Citrate. Specifically, we spun the cells in a horizontal rotor (swing-out
head) for 30 minutes at 1500 to 1800 RCF (Relative Centrifugal Force) according the
manufacturer’s instruction. According the manufacturer, this should yield mononuclear cells
(https://www.bd.com/vacutainer/products/molecular/citrate/).

We used the telomere length measurement assay that was adapted from the published
original method by Cawthon (Cawthon 2002, Lin et al. 2010). The telomere thermal cycling
profile consisted of: Cycling for T (telomic) PCR: denature at 96°C for 1 second, anneal/
extend at 54°C for 60 seconds, with fluorescence data collection, 30 cycles. Cycling for S
(single copy gene) PCR: denature at 95°C for 15 seconds, anneal at 58°C for 1 second,
extend at 72°C for 20 seconds, 8 cycles; followed by denature at 96°C for 1 second, anneal
at 58°C for 1 second, extend at 72°C for 20 seconds, hold at 83°C for 5 seconds with data
collection, 35 cycles.

The primers for the telomere PCR are tellb [5°-CGGTTT(GTTTGG)5GTT-3’], used at a
final concentration of 100 nM, and tel2b [5’-GGCTTG(CCTTAC)5CCT-37], used at a final
concentration of 900 nM. The primers for the single-copy gene (human beta-globin) PCR
are hbgl [5* GCTTCTGACACAACTGTGTTCACTAGC-37], used at a final concentration
of 300 nM, and hbg2 [5’-CACCAACTTCATCCACGTTCACC-3"], used at a final
concentration of 700 nM. The final reaction mix contains 20 mM Tris-HCI, pH 8.4; 50 mM
KCI; 200 M each dNTP; 1% DMSO; 0.4x Syber Green I; 22 ng E. coli DNA per reaction;
0.4 Units of Platinum Tag DNA polymerase (Invitrogen Inc.) per 11 microliter reaction; 0.5
—10 ng of genomic DNA. Tubes containing 26, 8.75, 2.9, 0.97, 0.324 and 0.108ng of a
reference DNA (from Hela cancer cells) are included in each PCR run so that the quantity of
targeted templates in each research sample can be determined relative to the reference DNA
sample by the standard curve method. The same reference DNA was used for all PCR runs.

To control for inter-assay variability, 8 control DNA samples are included in each run. In
each batch, the T/S ratio of each control DNA is divided by the average T/S for the same
DNA from 10 runs to get a normalizing factor. This is done for all 8 samples and the
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average normalizing factor for all 8 samples is used to correct the participant DNA samples
to get the final T/S ratio. The T/S ratio for each sample will be measured twice. When the
duplicate T/S value and the initial value vary by more than 7%, the sample is run the third
time and the two closest values are reported. To estimate the LTLs in terms of base pairs, a
standard conversion formula of 3274+2413*(T/S) was established by examining a set of
control DNA and comparing its T/S ratio to its number of telomere base pairs measured via
Southern blot.

References

Adler, Nancy; Pantell, Matt S.; O’Donovan, Aoife; Blackburn, Elizabeth; Cawthon, Richard; Koster,
Annemarie; Opresko, Patricia; Newman, Anne; Harris, Tamara B.; Epel, Elissa. Educational
Attainment and Late Life Telomere Length in the Health, Aging and Body Composition Study.
Brain, Behavior, and Immunity. 2013; 27(1):15-21.

Allsopp, Richard C.; Vaziri, Homayoun; Patterson, Christopher; Goldstein, Samuel; Younglai, Edward
V.; Futcher, ABruce; Greider, Carol W.; Harley, Calvin B. Telomere Length Predicts Replicative
Capacity of Human Fibroblasts. Proceedings of the National Academy of Sciences of the United
States of America. 1992; 89(21):10114-10118. [PubMed: 1438199]

Annie, E. Casey Foundation. The 2014 Kids Count Data Book. Baltimore, MD: Annie E. Casey
Foundation; 2014. Retrieved (http://www.aecf.org/resources/the-2014-kids-count-data-book/)
[Accessed on October 5, 2014]

Aviv, Abraham; Levy, Daniel; Mangel, Marc. Growth, Telomere Dynamics and Successful and
Unsuccessful Human Aging. Mechanisms of Ageing and Development. 2003; 124(7):829-837.
[PubMed: 12875746]

Aviv, Abraham; Chen, Wei; Gardner, Jeffery P.; Kimura, Masayuki; Brimacombe, Michael; Cao,
Xiaojian; Srinivasan, Sathanur R.; Berenson, Gerald S. Leukocyte Telomere Dynamics:
Longitudinal Findings among Young Adults in the Bogalusa Heart Study. American Journal of
Epidemiology. 2009; 169(3):323-329. [PubMed: 19056834]

Aviv, Abraham; Bogden, John D. Telomeres and the Arithmetic of Human Longevity. In: Fahy, GM.;
Vest, MD.; Coles, LS.; Harris, SB., editors. The Future of Aging: Pathways to Human Life
Extension. New York: Springer; 2010.

Baird, Duncan M.; Davis, Terence; Rowson, Jan; Jones, Christopher J.; Kipling, David. Normal
Telomere Erosion Rates at the Single Cell Level in Werner Syndrome Fibroblast Cells. Human
Molecular Genetics. 2004; 13(14):1515-1524. [PubMed: 15150162]

Barnard, John; Rubin, Donald B.; Schenker, Nathaniel. Multiple Imputation. In: Smelser, NJ.; Baltes,
PB., editors. International Encyclopedia of the Social and Behavioral Science. New York:
Pergamon; 2001. p. 10204-10210.

Bauer, Moises E.; Jeckel, Cristina M.; Luz, Clarice. The Role of Stress Factors During Aging of the
Immune System. Annals of the New York Academy of Sciences. 2009; 1153:139-152. [PubMed:
19236337]

Becares, Laia; Nazroo, James; Stafford, Mai. The Buffering Effects of Ethnic Density on Experienced

Racism and Health. Health & Place. 2009; 15(3):670-678. [PubMed: 19117792]

Beck, Aaron T.; Weissman, Arlene; Lester, David; Trexler, Larry. The Measurement of Pessimism:
The Hopelessness Scale. Journal of Consulting and Clinical Psychology. 1974; 42(6):861-865.
[PubMed: 4436473]

Benetos, Athanase; Okuda, Koji; Lajemi, Malika; Kimura, Masayuki; Thomas, Frederique; Skurnick,
Joan; Labat, Carlos; Bean, Kathryn; Aviv, Abraham. Telomere Length as an Indicator of
Biological Aging: The Gender Effect and Relation with Pulse Pressure and Pulse Wave Velocity.
Hypertension. 2001; 37(2 Pt 2):381-385. [PubMed: 11230304]

Benjamini Y, Hochberg Y. Controlling the False Discovery Rate - a Practical and Powerful Approach
to Multiple Testing. Journal of the Royal Statistical Society Series B-Methodological. 1995; 57(1):
289-300.

J Health Soc Behav. Author manuscript; available in PMC 2016 June 01.


http://www.aecf.org/resources/the-2014-kids-count-data-book/

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Geronimus et al.

Page 22

Bhugra, Dinesh; Becker, Matthew A. Migration, Cultural Bereavement and Cultural Identity. World
Psychiatry. 2005; 4(1):18-24. [PubMed: 16633496]

Blackburn, Elizabeth H.; Greider, Carol W.; Szostak, Jack W. Telomeres and Telomerase: The Path
from Maize, Tetrahymena and Yeast to Human Cancer and Aging. Nature Medicine. 2006; 12(10):
1133-1138.

Bojesen, Stig E. Telomeres and Human Health. Journal of Internal Medicine. 2013; 274(5):399-413.
[PubMed: 24127938]

Brubaker, Rogers. Ethnicity without Groups. Cambridge, MA: Harvard University Press; 2004.

Burton, Linda. M; Whitfield, Keith E. Weathering toward poorer health in later life:comorbidity in
low-income urban familes. Public Policy Aging Reports. 2003; 13(3):8-13.

Campisi, Judith. Senescent Cells, Tumor Suppression, and Organismal Aging: Good Citizens, Bad
Neighbors. Cell. 2005; 120(4):513-522. [PubMed: 15734683]

Carroll, Judith E.; Diez-Roux, Ana V.; Adler, Nancy E.; Seeman, Teresa E. Socioeconomic Factors
and Leukocyte Telomere Length in a Multi-Ethnic Sample: Findings from the Multi-Ethnic Study
of Atherosclerosis (Mesa). Brain, Behavior, and Immunity. 2013; 28:108-114.

Cawthon, Richard M. Telomere Measurement by Quantitative Pcr. Nucleic Acids Research. 2002;
30(10):e47. [PubMed: 12000852]

Chan, Simon RWL.; Blackburn, Elizabeth H. Telomeres and Telomerase. Philosophical Transactions
of the Royal Society of London. Series B, Biological Sciences. 2004; 359(1441):109-121.
[PubMed: 15065663]

Cherkas, Lynn F.; Aviv, Abraham; Valdes, Ann M.; Hunkin, Janice L.; Gardner, Jeffery P.;
Surdulescu, Gabriela L.; Kimura, Masayuki; Spector, Tim D. The Effects of Social Status on
Biological Aging as Measured by White-Blood-Cell Telomere Length. Aging Cell. 2006; 5(5):
361-365. [PubMed: 16856882]

Colen, Cynthia G.; Geronimus, Arline T.; Bound, John; James, Sherman A. Maternal Upward
Socioeconomic Mobility and Black-White Disparities in Infant Birthweight. American Journal of
Public Health. 2006; 96(11):2032-2039. [PubMed: 17018818]

Colen, Cynthia G. Addressing Racial Disparities in Health Using Life Course Perspectives. Du Bois
Review. 2011; 8(1):89-94.

Collins, James W., Jr; Papacek, Ellen; Schulte, Nancy F.; Drolet, Amiee. Differing Postneonatal
Mortality Rates of Mexican-American Infants with United-States-Born and Mexico-Born Mothers
in Chicago. Ethnicity & Disease. 2001; 11(4):606-613. [PubMed: 11763285]

Damjanovic, Amanda K.; Yang, Yinhua; Glaser, Ronald; Kiecolt-Glaser, Janice K.; Nguyen, Huy;
Laskowski, Bryon; Zou, Yixiao; Beversdorf, David Q.; Weng, Nan-ping. Accelerated Telomere
Erosion Is Associated with a Declining Immune Function of Caregivers of Alzheimer’s Disease
Patients. Journal of Immunology. 2007; 179(6):4249-4254.

Demissie, Serkalem; Levy, Daniel; Benjamin, Emelia J.; Cupples, L. Adrienne; Gardner, Jeffery P;
Herbert, A.; Kimura, Masayuki; Larson, Martin G.; Meigs, James B.; Keaney, John F.; Aviv,
Abraham. Insulin Resistance, Oxidative Stress, Hypertension, and Leukocyte Telomere Length in
Men from the Framingham Heart Study. Aging Cell. 2006; 5(4):325-3230. [PubMed: 16913878]

Diez Roux, Ana V.; Ranjit, Nalini; Jenny, Nancy S.; Shea, Steven; Cushman, Mary; Fitzpatrick,
Annette; Seeman, Teresa. Race/Ethnicity and Telomere Length in the MultiEthnic Study of
Atherosclerosis. Aging Cell. 2009; 8(3):251-257. [PubMed: 19302371]

Drury, Stacy S.; Theall, Katherine; Gleason, Mary M.; Smyke, Anna T.; Vivo, ImmaculataDe; Wong,
Jason Y.; Fox, Nathan A.; Zeanah, Charles H.; Nelson, Charles A. Telomere Length and Early
Severe Social Deprivation: Linking Early Adversity and Cellular Aging. Molecular Psychiatry.
2012; 17(7):719-727. [PubMed: 21577215]

Effros, Rita B. T Cell Replicative Senescence: Pleiotropic Effects on Human Aging. Annals of the
New York Academy of Sciences. 2004; 1019:123-126. [PubMed: 15247004]

Effros, Rita B.; Dagarag, Mirabelle; Spaulding, Carolyn; Man, Janice. The Role of Cd8+ T-Cell
Replicative Senescence in Human Aging. Immunological Reviews. 2005; 205:147-157. [PubMed:
15882351]

Epel, Elissa S.; Blackburn, Elizabeth H.; Lin, Jue; Dhabhar, Firdaus S.; Adler, Nancy E.; Morrow,
Jason D.; Cawthon, Richard M. Accelerated Telomere Shortening in Response to Life Stress.

J Health Soc Behav. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Geronimus et al.

Page 23

Proceedings of the National Academy of Sciences of the United States of America. 2004; 101(49):
17312-17315. [PubMed: 15574496]

Epel, Elissa S.; Lin, Jue; Wilhelm, Frank H.; Wolkowitz, Owen M.; Cawthon, Richard; Adler, Nancy
E.; Dolbier, Christyn; Mendes, Wendy B.; Blackburn, Elizabeth H. Cell Aging in Relation to
Stress Arousal and Cardiovascular Disease Risk Factors. Psychoneuroendocrinology. 2006; 31(3):
277-287. [PubMed: 16298085]

Fraga, Mario F.; Ballestar, Esteban; Paz, Maria F.; Ropero, Santiago; Setien, Fernando; Ballestar,
Maria L.; Heine-Suner, Damia; Cigudosa, Juan C.; Urioste, Miguel; Benitez, Javier; Boix-Chornet,
Manuel; Sanchez-Aguilera, Abel; Ling, Charlotte; Carlsson, Emma; Poulsen, Pernille; Vaag, Alan;
Stephan, Zarko; Spector, Tim D.; Wu, Yue-Zhong; Plass, Christoph; Esteller, Manel. Epigenetic
Differences Arise During the Lifetime of Monozygotic Twins. Proceedings of the National
Academy of Sciences of the United States of America. 2005; 102(30):10604-10609. [PubMed:
16009939]

Frazier, Emma L.; Franks, AL.; Sanderson, Lee M. Using Chronic Disease Data: A Handbook For
Public Health Practitioners. Atlanta, GA: Centers for Disease Control and Prevention; 1992. Using
behavioral risk factor surveillance data. In: National Center for Chronic Disease Prevention and
Health Promotion, (Ed).

Frenck, Robert W., Jr; Blackburn, Elizabeth H.; Shannon, Kevin M. The Rate of Telomere Sequence
Loss in Human Leukocytes Varies with Age. Proceedings of the National Academy of Sciences of
the United States of America. 1998; 95(10):5607-5610. [PubMed: 9576930]

Friedrich, Ulrike; Griese, Ernst-Ulrich; Schwab, Matthias; Fritz, Peter; Thon, Klaus-Peter; Klotz,
Ulrich. Telomere Length in Different Tissues of Elderly Patients. Mechanisms of Ageing and
Development. 2000; 119(3):89-99. [PubMed: 11080530]

Garcia, Alma M. Narratives of Mexican American women: Emergent identities of the second
generation. Walnut Creek, CA: Alta Mira Press; 2004.

Gee GC. A Multilevel Analysis of the Relationship between Institutional and Individual Racial
Discrimination and Health Status. American Journal of Public Health. 2002; 92(4):615-623.
[PubMed: 11919062]

Gee, Gilbert C.; Payne-Sturges, Devon C. Environmental Health Disparities: A Framework Integrating
Psychosocial and Environmental Concepts. Environmental Health Perspectives. 2004; 112(17):
1645-1653. [PubMed: 15579407]

Gee, Gilbert C.; Chen, Juan; Spencer, Michael S.; See, Sartia; Kuester, Oliva A.; Tran, Diem;
Takeuchi, David. Social Support as a Buffer for Perceived Unfair Treatment among Filipino
Americans: Differences between San Francisco and Honolulu. American Journal of Public Health.
2006; 96(4):677-684. [PubMed: 16507727]

Gentry, Elieen M.; Kalsbeek, WD.; Hogelin, Gary C.; Jones, JT.; Gaines, KL.; Forman, Michele R.;
Marks, James S.; Trowbridge, Fredrick L. The Behavioral Risk Factor Surveys: Il. Design,
Methods, and Estimates from Combined State Data. American Journal of Preventive Medicine.
1985; 1(6):9-14. [PubMed: 3870927]

Geronimus, Arline T. On Teenage Childbearing and Neonatal Mortality in the United States.
Population and Development Review. 1987; 13(2):245-279.

Geronimus, Arline T. The Weathering Hypothesis and the Health of African-American Women and
Infants: Evidence and Speculations. Ethnicity & Disease. 1992; 2(3):207-221. [PubMed:
1467758]

Geronimus, Arline T.; Bound, John; Waidmann, Timothy A. Poverty, Time, and Place: Variation in
Excess Mortality across Selected Us Populations, 1980-1990. Journal of Epidemiology and
Community Health. 1999; 53(6):325-334. [PubMed: 10396478]

Geronimus, Arline T. To Mitigate, Resist, or Undo: Addressing Structural Influences on the Health of
Urban Populations. Americen Journal of Public Health. 2000; 90(6):867-872.

Geronimus, Arline T. Understanding and Eliminating Racial Inequalities in Women’s Health in the
United States: The Role of the Weathering Conceptual Framework. Journal of the American
Medical Women’s Association. 2001; 56(4):133-136. 49-50.

J Health Soc Behav. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Geronimus et al.

Page 24

Geronimus, Arline T.; Thompson, J. Phillip To Denigrate, Ignore, or Disrupt: Racial Inequality in
Health and the Impact of a Policy-Induced Breakdown of African-American Communities. Du
Bois Review. 2004; 1(2):247-279.

Geronimus, Arline T.; Hicken, Margaret; Keene, Danya; Bound, John. Weathering” and Age Patterns
of Allostatic Load Scores among Blacks and Whites in the United States. American Journal of
Public Health. 2006; 96(5):826-833. [PubMed: 16380565]

Geronimus, Arline T.; Bound, John; Keene, Danya; Hicken, Margaret. Black-White Differences in
Age Trajectories of Hypertension Prevalence among Adult Women and Men, 1999-2002.
Ethnicity & Disease. 2007; 17(1):40-48. [PubMed: 17274208]

Geronimus, Arline T.; Hicken, Margaret T.; Pearson, Jay A.; Seashols, Sarah J.; Brown, Kelly L.;
Cruz, Tracey D. Do Us Black Women Experience Stress-Related Accelerated Biological Aging?:
A Novel Theory and First Population-Based Test of Black-White Differences in Telomere Length.
Human Nature. 2010; 21(1):19-38. [PubMed: 20436780]

Geronimus, Arline T.; Bound, John; Colen, Cynthia G. Excess Black Mortality in the United States
and in Selected Black and White High-Poverty Areas, 1980-2000. American Journal of Public
Health. 2011; 101(4):720-729. [PubMed: 21389293]

Geronimus, Arline T. Deep Integration: Letting the Epigenome out of the Bottle without Losing Sight
of the Structural Origins of Population Health. American Journal of Public Health. 2013a;
103(S1):S56-S63. [PubMed: 23927509]

Geronimus, Arline T. Jedi Public Health: Leveraging Contingencies of Social Identity to Grasp and
Eliminate Racial Health Inequality. In: L. Gomez, N., editor. Mapping Race and Inequality: A
Critical Reader on Health Disparities Research, Critical Issues in Health and Medicine. Gomez:
Rutgers University Press; 2013b.

Geronimus, Arline T.; Snow, Rachel C. The Mutability of Women’s Health with Age: The Sometimes
Rapid, and Oftern Enduring, Health Consequences of Injustice. In: Goldman, MB.; Rexrode, KM.;
Troisi, R., editors. Women & Health. London: Academic Press; 2013.

Geronimus, Arline T.; Bound, John; Ro, Annie. Residential Mobility across Local Areas in the United
States and the Geographic Distribution of the Healthy Population. Demography. 2014; 51(3):777-
809. [PubMed: 24781651]

Halpern, David; Nazroo, James. The Ethnic Density Effect: Results from a National Community Study
of England and Wales. International Journal of Social Psychiatry. 1999; (46):34-46.

Harris, Sarah E.; Deary, lan J.; Maclntyre, Alan; Lamb, Kelly J.; Radhakrishnan, Kamaraj; Starr, John
M.; Whalley, Lawrence J.; Shiels, Paul G. The Association between Telomere Length, Physical
Health, Cognitive Ageing, and Mortality in Non-Demented Older People. Neuroscience Letters.
2006; 406(3):260—264. [PubMed: 16919874]

Harrison, David; Griendling, Kathy K.; Landmesser, UIf; Hornig, Burkhard; Drexler, Helmut. Role of
Oxidative Stress in Atherosclerosis. The American Journal of Cardiology. 2003; 91(3A):7A-11A.

Hatzenbuehler, Mark L.; Keyes, Katherine M.; Hasin, Deborah S. State-Level Policies and Psychiatric
Morbidity in Lesbian, Gay, and Bisexual Populations. American Journal of Public Health. 2009;
99(12):2275-2281. [PubMed: 19833997]

Hausman, Jerry. Specification Tests in Econometrics. Econometrica. 1978; 46(6):1251-1271.

Helflin, Colleen M.; Pattillo, Mary. Poverty in the Family: Race, Siblings, and Socioeconomic
Heterogeneity. Social Science Research. 2006; 35(4):804-822.

Hicks-Bartlett, Sharon. Between a Rock and a Hard Place: The Labyrinth of Working and Parenting in
a Poor Community. In: Danziger, Lin, editor. Coping with Poverty. Ann Arbor: University of
Michigan Press; 2000.

House, James S.; Lepkowski, James M.; Kinney, Ann M.; Mero, Richard P.; Kessler, Ronald C.;
Herzog, ARegula. The Social Stratification of Aging and Health. Journal of Health and Social
Behavior. 1994; 35(3):213-234. [PubMed: 7983335]

Hunt SC, Chen Wei, Gardner Jeffery P, Kimura Masayuki, Srinivasan Sathanur R, Eckfeldt JH,
Berenson Gerald S, Aviv Abraham. Leukocyte Telomeres Are Longer in African Americans Than
in Whites: The National Heart, Lung, and Blood Institute Family Heart Study and the Bogalusa
Heart Study. Aging Cell. 2008; 7(4):451-458. [PubMed: 18462274]

J Health Soc Behav. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Geronimus et al.

Page 25

Israel, Barbara A.; Schulz, Amy J.; Estrada-Martinez, Lorena; Zenk, Shannon N.; Viruell-Fuentes,
Edna; Villarruel, Antonia M.; Stokes, Carmen. Engaging Urban Residents in Assessing
Neighborhood Environments and Their Implications for Health. Journal of Urban Health. 2006;
83(3):523-539. [PubMed: 16739052]

lwama, Hiroshi; Ohyashiki, K.; Ohyashiki, Junko H.; Hayashi, Shigifumi; Yahata, Naoyuki; Ando,
Keiko; Toyama, Keisuke; Hoshika, Akinori; Takasaki, Masaru; Mori, Mayumi; Shay, Jerry W.
Telomeric Length and Telomerase Activity Vary with Age in Peripheral Blood Cells Obtained
from Normal Individuals. Human Genetics. 1998; 102(4):397-402. [PubMed: 9600234]

Jackson, James S.; Knight, Katherine M.; Rafferty, Jane A. Race and Unhealthy Behaviors: Chronic
Stress, the Hpa Axis, and Physical and Mental Health Disparities over the Life Course. American
Journal of Public Health. 2010; 100(5):933-939. [PubMed: 19846689]

Jackson, James S.; Williams, David R. Detroit Area Study, 1995: Social Influences on Health, Stress,
Racism, and Health Protective Resources. Inter-university Consortium for Political and Social
Research. 2002

James, Sherman A. Racial and Ethnic Differences in Infant Mortality and Low Birth Weight. A
Psychosocial Critique. Annals of Epidemiology. 1993; 3(2):130-136. [PubMed: 8269064]

James, Sherman A. John Henryism and the Health of African-Americans. Culture, Medicine, and
Psychiatry. 1994; 18(2):163-182.

Jones, Camara P. Levels of Racism: A Theoretic Framework and a Gardener’s Tale. American Journal
of Public Health. 2000; 90(8):1212-1215. [PubMed: 10936998]

Kaestner, Robert; Pearson, Jay A.; Keene, Danya; Geronimus, Arline T. Stress, Allostatic Load and
Health of Mexican Immigrants. Social Science Quarterly. 2009; 90(5):1089-1111. [PubMed:
21165158]

Kananen, Laura; Surakka, lda; Pirkola, Sami; Suvisaari, Jaana; Lonnqvist, Jouko; Peltonen, Leena;
Ripatti, Samuli; Hovatta, liris. Childhood Adversities Are Associated with Shorter Telomere
Length at Adult Age Both in Individuals with an Anxiety Disorder and Controls. PLoS One. 2010;
5(5):€10826. [PubMed: 20520834]

Keene D, Geronimus AT. Weathering’ HOPE VI: The importance of Evaluating the Population Health
Impact of Public Housing Demolition and Displacement. Journal of Urban Health. 2011; 88(3):
417-435. [PubMed: 21607787]

Keene D, Padilla M. Race, Class and the Stigma of Place: Moving to “Opportunity” in Eastern lowa.
Health and Place. 2010; 16(6):1216-1223. [PubMed: 20800532]

Khansari, Nemat; Shakiba, Yadollah; Mahmoudi, Mahdi. Chronic Inflammation and Oxidative Stress
as a Major Cause of Age-Related Diseases and Cancer. Recent Patents on Inflammation & Allergy
Drug Discovery. 2009; 3(1):73-80. [PubMed: 19149749]

Kim, Jinyoung; Miech, Richard. The Black-White Difference in Age Trajectories of Functional Health
over the Life Course. Social Science & Medince. 2009; 68(4):717-725.

Kuh D. A life course perspective on telomere length and social inequalities in aging. Aging Cell. 2006;
5(6):579-580. [PubMed: 17081153]

Lin, Jue; Epel, Elissa; Cheon, Joshua; Kroenke, Candyce; Sinclair, Elizabeth; Bigos, Marty;
Wolkowitz, Owen; Mellon, Synthia; Blackburn, Elizabeth. Analyses and Comparisons of
Telomerase Activity and Telomere Length in Human T and B Cells: Insights for Epidemiology of
Telomere Maintenance. Journal of Immunological Methods. 2010; 352(1-2):71-80. [PubMed:
19837074]

Lindsey, Janet; McGill, Niolette I.; Lindsey, Leon A.; Green, Daryll K.; Cooke, Howard J. In Vivo
Loss of Telomeric Repeats with Age in Humans. Mutatation Research/DNAging. 1991; 256(1):
45-48.

Markides KS, Eschbach K. Aging, Migration and Mortality: Current Status of Research on the
Hispanic Paradox. Journals of Gerontology, Series B: Social Sciences and Psychological Sciences.
2005; 60B:68-75. Special Issue Il.

McEwen, Bruce S. Stress, Adaptation, and Disease. Allostasis and Allostatic Load. Annals of the New
York Academy of Science. 1998; 840:33-44.

McEwen BS. Protective and Damaging Effects of Stress Mediators. New England Journal of
Medicine. 1998b; 338(3):171-179. [PubMed: 9428819]

J Health Soc Behav. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Geronimus et al.

Page 26

McEwen, Bruce S.; Seeman, Teresa. Protective and Damaging Effects of Mediators of Stress.
Elaborating and Testing the Concepts of Allostasis and Allostatic Load. Annals of the New York
Academy of Science. 1999; 896:30-47.

Metcalfe, Judith A.; Parkhill, Julian; Campbell, Louise; Stacey, Michael; Biggs, Paul; Byrd, Philip J.;
Taylor, A. Malcolm R Accelerated Telomere Shortening in Ataxia Telangiectasia. Nature
Genetics. 1996; 13(3):350-353. [PubMed: 8673136]

Mitchell, Colter; Hobcraft, John; McLanahan, Sara S.; Siegeld, Susan R.; Berg, Arthur; Brooks-Gunn,
Jeanne; Garfinkel, Irwin; Notterman, Daniel. Social Disadvantage, Genetic Sensitivity, and
Children’s Telomere Length. Proceedings of the National Academy of Sciences of the United
States of America. Forthcoming

Mitchell, James R.; Wood, Emily; Collins, Kathleen. A Telomerase Component Is Defective in the
Human Disease Dyskeratosis Congenita. Nature. 1999; 402(6761):551-555. [PubMed: 10591218]

Montoya, Michael J. Do Genes Explain Diabetes Health Disparities between Ethnic Groups?.
Endocrine Today. 2007. (online edition). http://www.healio.com/Endocrinology/news/print/
endocrine-today/percent7B00295910-DDE1-4643-B3D7-3D3DC6D046C0percent7D/Do-genes-
explain-diabetes-health-disparities-between-ehtnic-groups

Needham, Belinda L.; Adler, Nancy; Gregorich, Steven; Rehkopf, David; Lin, Jue; Blackburn,
Elizabeth H.; Epel, Elissa S. Socioeconomic Status, Health Behavior, and Leukocyte Telomere
Length in the National Health and Nutrition Examination Survey, 1999-2002. Social Science &
Medicine. 2013; 85:1-8. [PubMed: 23540359]

Needham, Belinda L.; carroll, Judith E.; Diez-Roux, Ana V.; Fitzpatrick, Annette L.; Moore, Karl;
Seeman, Teresa E. Neighborhood characteristics and leukocyte telomere length: The Multi-Ethnic
Study of Atherosclerosis. Health and Place. 2014; 28:166-172.

Parks, Christine G.; Miller, Diane B.; McCanlies, Erin C.; Cawthon, Richard M.; Andrew, Michael E.;
DeRoo, Lisa A.; Sandler, Dale P. Telomere Length, Current Perceived Stress, and Urinary Stress
Hormones in Women. Cancer Epidemiology Biomarkers & Prevention. 2009; 18(2):551-560.

Pattillo-McCoy, Mary. Black Picket Fences: Privilege and Peril among the Black Middle Class.
Chicago, IL: University of Chicago Press; 1999.

Pearson, Jay A. Can’t Buy Me Whiteness: New Lessons from the Titanic on Race, Ethnicity, and
Health. DuBois Review: Social Science Research on Race. 2008; 5(1):27-47.

Pearson, Jay A.; Geronimus, Arline T. Race/Ethnicity, Socioeconomic Characteristics, Coethnic Social
Ties, and Health: Evidence from the National Jewish Population Survey. American Journal of
Public Health. 2011; 101(7):1314-1321. [PubMed: 21164093]

Peck, Jamie. Austerity Urbanism. City. 2012; 16(6):626—655.

Reed, Adolph; Chowkwanyun, Merlin. Race, Class, Crisis: The Discourse of Racial Disparite and Ite
Analytic Discontents. Socialist Register. 2011; 48:149-175.

Rubin, Donald B. Matching to Remove Bias in Observational Studies. Biometrics. 1973a; 29(1):159—
183.

Rubin, Donald B. The Use of Matched Sampling and Regression Adjustment to Remove Bias in

Observational Studies. Biometrics. 1973b; 29(1):185-203.

Rubin, Donald B. Multiple Imputation after 18+ Years. Journal of the American Statistical
Association. 1996; 91(434):473-489.

Sapolsky, Robert M.; Romero, L. Michael; Munck, Allan U. How Do Glucocorticoids Influence Stress
Responses? Integrating Permissive, Suppressive, Stimulatory, and Preparative Actions.
Endocrine Reviews. 2000; 21(1):55-89. [PubMed: 10696570]

Schafer, Joseph L. Analysis of Incomplete Multivariate Data. London: Chapman & Hall; 1997.

Schulz, Amy; Williams, David; Israel, Barbara; Becker, Adam; Parker, Edith; James, Sherman A.;
Jackson, James. Unfair Treatment, Neighborhood Effects, and Mental Health in the Detroit
Metropolitan Area. 2000; 41(3):314-332.

Schulz, Amy J.; Kannan, S.; Dvonch, JT.; Israel, BA.; Allen, A.; James, SA.; House, JS.; Lepkowski,
J. Social and Physical Environments and Disparities in Risk for Cardiovascular Disease: The
Healthy Environments Partnership Conceptual Model. Environmental Health Perspectives.
2005a; 113(12):1817-1825. [PubMed: 16330371]

J Health Soc Behav. Author manuscript; available in PMC 2016 June 01.


http://www.healio.com/Endocrinology/news/print/endocrine-today/percent7B00295910-DDE1-4643-B3D7-3D3DC6D046C0percent7D/Do-genes-explain-diabetes-health-disparities-between-ehtnic-groups
http://www.healio.com/Endocrinology/news/print/endocrine-today/percent7B00295910-DDE1-4643-B3D7-3D3DC6D046C0percent7D/Do-genes-explain-diabetes-health-disparities-between-ehtnic-groups
http://www.healio.com/Endocrinology/news/print/endocrine-today/percent7B00295910-DDE1-4643-B3D7-3D3DC6D046C0percent7D/Do-genes-explain-diabetes-health-disparities-between-ehtnic-groups

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Geronimus et al.

Page 27

Schulz, Amy J.; Zenk, Shannon N.; Kannan, Srimathi; Israel, Barbara A.; Koch, Mary A.; Stokes,
Carmen. Appendix C: Selected new and revised items included in the HEP survey after input
from the steering committee or survey subcommittee, focus group themes, or pilot testing of
existing items. In: Israel, BA.; Eng, E.; Schulz, AJ.; Parker, E., editors. Methods for Conducting
Community Based Participatory Research for Health. San Francisco: Jossey-Bass; 2005b. p.
402-406.

Schulz, Amy J.; Zenk, Shannon N.; Israel, Barbara A.; Mentz, Graciela; Stokes, Carmen; Galea,
Sandro. Do Neighborhood Economic Characteristics, Racial Composition, and Residential
Stability Predict Perceptions of Stress Associated with the Physical and Social Environment?
Findings from a Multilevel Analysis in Detroit. Journal of Urban Health. 2008; 85(5):642-661.
[PubMed: 18481182]

Schuster, Tonya L.; Kessler, Ronald C.; Aseltine, Robert H, Jr. Supportive Interactions, Negative
Interactions, and Depressed Mood. Am J Community Psychol. 1990; 18(3):423-438. [PubMed:
2264558]

Seeman, Teresa E.; Singer, Burton H.; Rowe, John W.; Horwitz, Ralph I.; McEwen, Bruce S. Price of
Adaptation--Allostatic Load and Its Health Consequences. Macarthur Studies of Successful
Aging. Archives of Internal Medicine. 1997; 157(19):2259-2268. [PubMed: 9343003]

Seeman, Teresa E.; Epel, Elissa; Gruenewald, Tara; Karlamangla, Arun; McEwen, Bruce S. Socio-
economic differentials in peripheral biology: Cumulative allostatic load. Annals of the New York
Academy of Sciences. 2010; 1186:223-239. [PubMed: 20201875]

Shapiro, Thomas M. The Hidden Cost of Being African American. New York: Oxford University
Press; 2004.

Spielberger, Charles; Johnson, E.; Russel, S.; Crane, R.; Jacobs, Q.; Warden, T. The Experience and
Expression of Anger: Construction and Validation of an Anger Expression Scale. In: Cheaney,
M.; Rosenman, R., editors. Anger and Hostility in Cardiovascular and Behavioral Disorders.
New York: Hemisphere; 1985. p. 5-30.

Stack, Carol. All Our Kin: Strategies for Survival in a Black Community. Basic Books; 1974.

Steptoe, Andrew; Feldman, Pamela J.; Kunz, Sabine; Owen, Natalie; Willemsen, Gonneke; Marmot,
Michael. Stress Responsivity and Socioeconomic Status: A Mechanism for Increased
Cardiovascular Disease Risk? European Heart Journal. 2002; 23(22):1757-1763. [PubMed:
12419295]

Steptoe A, Hamer Mark, Butcher Lee, Lin Jue, Brydon Lena, Kivimaki Mika, Marmot Michael,
Blackburn Elizabeth, Erusalimsky Jorge D. Educational Attainment but Not Measures of Current
Socioeconomic Circumstances Are Associated with Leukocyte Telomere Length in Healthy
Older Men and Women. Brain, Behavior, and Immunity. 2011; 25(7):1292-1298.

Sugrue, Thomas J. The Origins of the Urban Crisis: Race and Inequality in Postwar Detroit. Princeton,
NJ: Princeton University Press; 1996.

Theall, Katherine P.; Brett, Zoé H.; Shirtcliff, Elizabeth A.; Dunn, Erin C.; Drury, Stacy S.
Neighborhood Disorder and Telomeres: Connecting Children’s Exposure to Community Level
Stress and Cellular Response. Social Science & Medicine. 2013; 85(0):50-58. [PubMed:
23540366]

Tomiyama A, Janet, O’Donovan Aoife, Lin Jue, Puterman Eli, Lazaro Alanie, Chan Jessica, Dhabhar
Firdaus S, Wolkowitz Owen, Kirschbaum Clemens, Blackburn Elizabeth H, Epel Elissa. Does
Cellular Aging Relate to Patterns of Allostasis? An Examination of Basal and Stress Reactive
HPA Axis Activity and Telomere Length. Physiology & Behavior. 2012; 106(1):40-45.
[PubMed: 22138440]

Tyrka, Audrey R.; Price, Lawrence H.; Kao, Hung-Teh; Porton, Barbara; Marsella, Sarah A.;
Carpenter, Linda L. Childhood Maltreatment and Telomere Shortening: Preliminary Support for
an Effect of Early Stress on Cellular Aging. Biological Psychiatry. 2010; 67(6):531-534.
[PubMed: 19828140]

UN Office of the High Commissioner for Human Rights. Detroit: Disconnecting Water from People
Who Cannot Pay - an Affront to Human Rights, Say UN Experts. 2014. Retrieved: October 6,
2014 http://www.ohchr.org/EN/NewsEvents/Pages/DisplayNews.aspx?
NewsID=14777&LangID=E

J Health Soc Behav. Author manuscript; available in PMC 2016 June 01.


http://www.ohchr.org/EN/NewsEvents/Pages/DisplayNews.aspx?NewsID=14777&LangID=E
http://www.ohchr.org/EN/NewsEvents/Pages/DisplayNews.aspx?NewsID=14777&LangID=E

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Geronimus et al.

Page 28

Valdes, Ann M.; Andrew, Toby; Gardner, Jeffery P.; Kimura, Masayuki; Oelsner, E.; Cherkas, Lynn
F.; Aviv, Abraham; Spector, Tim D. Obesity, Cigarette Smoking, and Telomere Length in
Women. Lancet. 2005; 366(9486):662—-664. [PubMed: 16112303]

Vaziri, Homayoun; Schachter, Francios; Uchida, Irene; Wei, Lan; Zhu, Xiaoming; Effros, Rita; Cohen,
Daniel; Harley, Calvin B. Loss of Telomeric DNA During Aging of Normal and Trisomy 21
Human Lymphocytes. American Journal of Human Genetics. 1993; 52(4):661-667. [PubMed:
8460632]

Viruell-Fuentes, Edna A. Beyond Acculturation: Immigration, Discrimination, and Health Research
among Mexicans in the United States. Social Science & Medicine. 2007; 65(7):1524-1535.
[PubMed: 17602812]

Viruell-Fuentes, Edna A.; Miranda, Patricia Y.; Abdulrahim, Sawsan. More Than Culture: Structural
Racism, Intersectionality Theory, and Immigrant Health. Social Science & Medicine. 2012;
75(12):2099-2106. [PubMed: 22386617]

Waters, Mary C.; Ueda, Reed; Marrow, Helen B. The New Americans: A Handbook to Immigration
since 1965. Cambridge, MA: Harvard University Press; 2007.

Williams, David R.; Yan, Yu; Jackson, James S.; Anderson, Norman B. Racial Differences in Physical
and Mental Health: Socio-Economic Status, Stress and Discrimination. Journal of Health
Psychology. 1997; 2(3):335-351. [PubMed: 22013026]

Wynn, Robert F.; Cross, Michael A.; Hatton, Claire; Will, Andrew M.; Lashford, Linda S.; Dexter,
TMichael; Testa, Nydia G. Accelerated Telomere Shortening in Young Recipients of Allogeneic
Bone-Marrow Transplants. Lancet. 1998; 351(9097):178-181. [PubMed: 9449873]

Yankiwski, Victor; Marciniak, Robert A.; Guarente, Leonard; Neff, Norma F. Nuclear Structure in
Normal and Bloom Syndrome Cells. Proceedings of the National Academy of Sciences of the
United States of America. 2000; 97(10):5214-5219. [PubMed: 10779560]

Zalli, Argita; Carvalho, Livia A.; Lin, Jue; Hamer, Mark; Erusalimsky, Jorge D.; H, Elizabeth.
Blackburn and Andrew Steptoe. Forthcoming. Shorter Telomeres with High Telomerase Activity
Are Associated with Raised Allostatic Load and Impoverished Psychosocial Resources.
Proceedings of the National Academy of Sciences of the United States of America.

Zhu, Haidong; Wang, Xiaoling; Gutin, Bernard; Davis, Catherine L.; Keeton, Daniel; Thomas, Jeffery;
Stallmann-Jorgensen, Inger; Mooken, Grace; Bundy, Vanessa; Snieder, Harold; van der Harst,
Pim; Dong, Yanbin. Leukocyte Telomere Length in Healthy Caucasian and African-American
Adolescents: Relationships with Race, Sex, Adiposity, Adipokines, and Physical Activity. The
Journal of Pediatrics. 2011; 158(2):215-220. [PubMed: 20855079]

J Health Soc Behav. Author manuscript; available in PMC 2016 June 01.



1duosnuely Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Geronimus et al.

WOMEN

6000
5900
5800
5700
5600
5500
5400
5300
5200
5100
5000

Mean Predicted Telomere Length (bp)

Panel 1A Panel 1B

White Black Mexican Black Mexican

Non-poor

il

MEN

6000
5900

5800
5700

5600
5500

5400

5300
5200

Mean Predicted Telomere Length (bp)

5100
5000

Panel 1D Panel 1E

11

White Black Mexican Black Mexican

Non-poor

Figure 1.

Predicted telomere length for 45-year-old participants adjusting for race/ethnicity (left), and

also stratifying by poverty status (center; right)
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Figure 2.
Predicted telomere length differences among the poor compared to the non-poor within each

race/ethnicity group, in Model 2 and Model 8
Notes: Model 2 controls for age and sex; Model 8 adjusts for all measured covariates.
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