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Policy Points:

� Despite 30 years of attention to eliminating population health inequity,
it remains entrenched, calling for new approaches.

� Targeted universalism, wellness-based local development, and Jedi Pub-
lic Health approaches that are community informed, evidence based,
and focused on improving everyday settings and diverse lived experi-
ences are important policy directions.

� State and federal revenue transfers are necessary to mitigate the harms
of austerity and assure greater equity in fiscal and population health in
places like Detroit, Michigan.

Context: US population health inequity remains entrenched, despite mandates
to eliminate it. To promote a public health approach of consequence in this do-
main, stakeholders call for moving from risk-factor epidemiology toward con-
sideration of dynamic local variations in the physiological impacts of structured
lived experience.

Methods: Using a community-based, participatory research approach, we col-
lected and analyzed a unique data set of 239 black, white, and Mexican adults

The Milbank Quarterly, Vol. 98, No. 4, 2020 (pp. 1171-1218)
© 2020 Milbank Memorial Fund

1171



1172 A.T. Geronimus et al.

from a stratified, multistage probability sample of three Detroit, Michigan,
neighborhoods. We drew venous blood, collected saliva, took anthropometric
measurements, and assayed specimens tomeasure allostatic load (AL), an indica-
tor of stress-mediated biological dysregulation, linking participants’ AL scores
and survey responses. In a series of nested Poisson models, we regressed AL on
socioeconomic, psychosocial, neighborhood, and behavioral stressors to test the
hypothesis that race/ethnicity and poverty-to-income ratio (PIR) are conceptu-
ally fluctuating variables whose impacts on AL are sensitive to structured lived
experience.

Findings: White and Mexican Detroit participants with PIR < 1 have higher
AL than counterparts nationally; black participants in Detroit and nationwide
had comparable AL. Within Detroit, disparities by PIR were higher in whites
than blacks, with no significant difference by PIR in Mexicans. The size of
estimated effects of having PIR < 1 for whites is 58 percentage points greater
than that of Mexicans and twice that of blacks.

Conclusions: Structurally rooted unobserved heterogeneity bias threatens the
validity of independent main effects interpretations of associations between
race/ethnicity, socioeconomic characteristics, or place and health. One-size-fits-
all analytic or policy models developed from the perspective of the dominant
social group insufficiently address the experiences of diverse populations in spe-
cific settings and historical moments; nor do they recognize culturally mediated
protective resources residents may have developed against material and psy-
chosocial hardship.

Keywords: allostatic load, racial/ethnic population health equity, poverty,
urban, weathering.

Increasingly, investigators of the fundamental causes of
population health inequity are looking to variation across diverse
population groups in the environmental, material, and psychoso-

cial stressors and hardships that differentially structure their lived ex-
perience, and to the collective coping strategies groups employ in their
attempts to mitigate them.1-6 There are calls for research and policy to
go beyond the conventional social determinants risk factor epidemiology
and, instead, take a more fluid, historicized, and interactive approach for
capturing the unobserved heterogeneity in socially patterned life chances
and lived experience that may be key to engaging in a “public health of
consequence.”4,7-10
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From a “lived experience” perspective, some common practices in so-
cial epidemiology are problematic. These include (1) overreliance on
conventional and current microlevel socioeconomic indicators as prox-
ies for the full panoply of socially patterned differences in lived expe-
rience across groups; (2) failure to construe race/ethnicity as a contex-
tually fluctuating conceptual variable; and (3) preference for nationally
representative samples, which are limited for considering heterogene-
ity in local lived experience. Further, studies that do include measures
of place tend to rely on administrative units such as census tracts or
Zip codes, without consideration of residents’ own assessments of what
constitutes their community, or of the possibility that residents with
different racial/ethnic identities have different lived experiences in the
same geographic places. These differences are likely to include differ-
ences in biopsychosocial exposures and impacts. As such, the idea that
fundamental social causes must work through biological mechanisms
to exert their impacts on population health puts a premium on under-
standing how variations in lived experience activate health-harmful or
health-promoting physiological processes that may explain inequitable
distributions of disease or mortality.

Taking these observations into account, and theoretically informed
by the concept of weathering,11,12 in this study, we sought to examine
whether diverse residents of the same neighborhoods exhibited differ-
ent levels of allostatic load (AL) across race/ethnicity and poverty level.
We studied population variation in AL by focusing on a specific set-
ting and time: Detroit, Michigan, between 2008 and 2011. Collaborat-
ing with the Healthy Environments Partnership (HEP), we employed
a community-based participatory research (CBPR) approach, allowing
us to interpret our findings through the understandings of Detroit res-
idents. Primary data collection among residents of three neighborhoods
allowed us to explore distinct aspects and experiences of “disadvantage”
among white, black, and Mexican/Mexican American residents with
low to moderate household incomes. We consider interaction effects of
race/ethnicity and poverty status on allostatic load scores—a measure of
stress-mediated wear and tear across body systems—to proxy the possi-
bility that poverty in different groups is associated with distinct lived
experiences that vary across important biopsychosocial dimensions and
crystallize differently to pattern AL scores within the same city.
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Weathering Theory

Weathering theory emphasizes health as an emergent capacity of hu-
man beings that dynamically develops over intersecting life courses in
response tomultiple structurally rooted, nested, and contextually fluctu-
ating social, economic, and physical environmental circumstances that
impact physiological stress responses, options for individual or collec-
tive coping, and biological processes at the molecular and body systems
levels.8,11,12 At the population level, the distribution of morbidity and
mortality overall and by age is affected by resources that are allocated
inequitably across racialized groups by historic and systemic racism or
privilege. These include access to material resources, healthy food, health
care, salutary features of the built environment, and toxic environmental
exposures. Importantly, weathering theory posits that population health
is also the product of social-psychological processes affecting members’
sense of belonging or social marginalization. These emanate from and
enact racialized ideologies and other core American myths.2 Their ad-
verse impacts can be buffered by cultural affirmation and social identity
safety, which can exist to a degree even in the absence of support or
validation from the broader society, if local population groups develop
autonomous protections such as shared counternarratives, multigenera-
tional economic risk-pooling strategies and reciprocal caretaking obli-
gations, and access to alternative cultural frameworks to the dominant
one that marginalizes them, whether religious or secular.1,2,13

As illustrated in Figure 1, weathering recognizes health as dynamic
across the full life course as biopsychosocial mechanisms link fundamen-
tal social causes14 and collectively patterned coping strategies and re-
sources to population distributions of health, biological wear and tear,
disease, and longevity. Biological age is conceptualized to reflect the
cumulative biological impact of lived experiences from conception to
current chronological age. In fetal life through adolescence, physical,
environmental, and social exposures across windows of human develop-
ment may have cumulative effects on health trajectories, resulting in
increasing health vulnerability for members of marginalized groups.15

In adults, weathering is intensified by exposure to persistent and mul-
tiple stressors—and the high-effort coping they entail. For example, in
high-poverty populations, the young adult through middle ages may be
a particularly challenging period as family leadership roles are assumed,
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Figure 1. Weathering Conceptual Model [Color figure can be viewed
at wileyonlinelibrary.com]

responsibilities expand, and individuals contend with competing obli-
gations between work and family and to dependents across generations,
all under conditions of material hardship and social exclusion.

Mechanistically, prolonged psychosocial or physical challenges to
metabolic homeostasis induced by unremitting exposure to stressors,
and the persistent high-effort coping they entail, can accelerate cellular
aging; dysregulate or exhaust neuroendocrine, cardiovascular, metabolic,
and immune systems; increase general health vulnerability; and promote
susceptibility to infectious disease, the early onset of chronic conditions,
health-induced disability, and excess death.12 Based on these health indi-
cators, evidence of weathering has been well documented in the United
States for blacks,8,12,16,17 and also suggested for Latinx immigrants with
longer US residence3 and the poorest urban and rural whites.8,18

Allostatic Load

The concept of allostatic load19,20—the idea that overexposure to stress
hormones can cause wear and tear on important body systems—suggests
one plausible biological mechanism for weathering.12 Empirical ev-
idence from more than two decades of biomedical and social science



1176 A.T. Geronimus et al.

research supports the notion that chronic exposure to physical envi-
ronmental, economic, and psychosocial stressors contributes to the
cumulative dysregulation of biological systems, shaping disparities
in health and aging.21,22 Studies of racial/ethnic, socioeconomic, and
residential differences in AL within the United States are still relatively
few and yield somewhat conflicting results. Still, multiethnic studies of
AL indicate that stress-induced biological risk acts as a pathway through
which socially constructed hierarchies in the United States, like race
and socioeconomic position (SEP), influence persistent differentials in
death and disease between majority and minority racialized groups.23-25

The National Health and Nutrition Examination Survey (NHANES)
offers by far the largest and most nationally representative sample for
studies focused on AL disparities.21 Using NHANES data, Seeman and
colleagues found that education and income were each negatively as-
sociated with AL independent of age, sex, ethnicity, and lifestyle fac-
tors (smoking, physical activity) and that these associations did not
vary in ethnic-stratified analyses among oversampled black and Mexi-
can Americans.26 Geronimus and colleagues observed that independent
of poverty, black-white differences in AL are present in all age groups,
but were particularly pronounced during middle age.12 Poor white re-
spondents were less likely to experience high AL than nonpoor black
respondents, while black women, whether poor or nonpoor, were found
to accrue higher AL scores at younger ages and experience dispropor-
tionately higher AL relative to black men and white women.

Also using NHANES data, two studies found that individuals living
in socioeconomically disadvantaged census tracts had higher AL bur-
dens than others, independent of measured individual characteristics; al-
though this relationship was consistent across white, black, andMexican
American subgroups,27 one study found that the relationship between
neighborhood SEP and AL was stronger for persons with higher levels of
education.28 Using longitudinal data from the Study of Women Across
the Nation (SWAN), a community-based, multiethnic sample of midlife
women randomly selected from a diverse, place-based sampling frame,
researchers investigated the linkages between a range of psychosocial fac-
tors and AL.29 The authors found that black and low-SEP women had
higher AL scores and that measures of discrimination, perceived stress,
and hostility partially mediated this relationship.

While AL studies of specific local geographic areas are few, they
offer insight on how structurally rooted aspects of residential place may
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affect AL, with emerging evidence for interactive influences between
residential setting and local population dynamics across racial/ethnic or
socioeconomic groups.30-34 In contrast to findings from NHANES,35

Peek et al. found that in a population-based sample of adults living
in Texas City, Texas, foreign-born Mexicans had significantly lower
AL scores than white residents, an advantage that persisted even after
accounting for health behaviors, acculturation, and time in the United
States.32 The authors attribute this to unmeasured factors associated
with the immigrant experience in Texas City, as well as the substan-
tively worse health profile of white residents relative to the NHANES
sample. In the same sample, Mair and colleagues found that four
chronic stressors—long-term residence in Texas City (which the authors
classify as an urban environmental “riskscape”), residential proximity
to petrochemical plants, perceived poor neighborhood conditions, and
daily hassles—were each linked to elevated AL or AL components.31

Studies of other stress-mediated health outcomes also suggest the im-
portance of considering variation in lived experience among racialized
groups even in the same city. Studying hypertension, an AL component,
Hunte and colleagues found variations among Detroit, Chicago, and the
nation that were patterned by race/ethnicity within local areas.38 In a se-
ries of studies of excess mortality across select local areas in 1980, 1990,
and 2000, Geronimus and colleagues found the contributions of stress-
related chronic disease to excess mortality varied within the same cities
and across regions of the country within and across racial/ethnic and
poverty groups.18

The Setting

Detroit offers an important opportunity to examine the relationship be-
tween health, urban disinvestment, racialized population dynamics, and
related stressors characteristic of high-poverty urban settings.39-41 The
massive flight of residents and capital from Detroit to its surround-
ing suburbs over the past six decades significantly eroded the city’s tax
base and reduced Detroit’s population from 1.8 million in 1950 to just
706,640 in 2011 when we completed biomeasure collection.42 Out-
migration of middle- and high-socioeconomic-status white Detroiters
has been particularly pronounced, reflected in the proportionate growth
of black residents from about 30% in 1960 to about 85% in 2010.43,44
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Once home to the nation’s most affluent black population, Detroit—
like other segregated cities in the United States—experienced a resur-
gence in the number of high-poverty neighborhoods during the first
decade of the 21st century when the city also lost a full quarter of its
population.45 As of 2014 about 60% of Detroit’s children lived below
the poverty threshold—more than any other large US city.46 Further-
more, the Mexican population, who have maintained a significant pres-
ence in Southwest Detroit since the 1940s, grew by approximately 45%
between 1950 and 2010 with the post-1965 upsurge in immigration,
especially during the 1990s.47

Detroit’s worsening problems of racialized poverty, disinvestment,
and tax base erosion perpetuated by earlier macroeconomic and polit-
ical restructuring intensified in the wake of the 2008 financial crisis.
Chronic revenue losses imposed constraints on the city’s government,
undermined Detroit as a center of black political power, and reduced
its ability to deliver basic public services. Between 1990 and 2013, De-
troit reduced its municipal workforce by nearly half.48 In the 1990s and
early 2000s racially targeted subprime loans pervaded Detroit’s hous-
ing market; between 2005 and 2014 28% of Detroit’s mortgageable
properties underwent foreclosure, causing property values to decline
precipitously.49 “Austerity urbanism,”50 or extreme local fiscal retrench-
ment, culminated in 2013 with state receivership and the subsequent
filing of the largest municipal bankruptcy in US history. At the time of
data collection, the state’s decreased commitment to funding public ser-
vices in Detroit was manifest in Detroit’s renegotiated pay and pensions
for the public service workforce, its approximately 78,000 abandoned
buildings, scarcity of working residential streetlights, and widespread
residential water shutoffs.51

Hypotheses

We expect that the pattern of AL across racial/ethnic and socioeconomic
groups in Detroit 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.4,6,13,52-55

On a material level, historical race-conscious beliefs, policies, and prac-
tices are fundamental causes of poor urban health because they act
to segregate black residents into low-income communities and spur
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sustained disinvestment in these areas that ultimately affects all
residents.1 Black, white, Mexican/Mexican American, or other residents
of Detroit are likely to experience limited educational and socioeco-
nomic opportunities; overburdened or disrupted social networks; phys-
ical environments marked by urban decay, toxic environmental expo-
sures, and poor infrastructure; and high levels of psychosocial distress—
any of which could precipitate AL. Put another way, poor white people
and Mexican/Mexican Americans living in Detroit could be impacted
by the structural racism that ghettoized black people into high-poverty
urban areas over the 20th century. Thus, we hypothesize:

Hypothesis 1: Members of all three racial/ethnic groups in Detroit will
have high AL scores relative to national averages.

We hypothesize that chronic disinvestment, high poverty rates, and
spatial stigma will have adverse direct and spillover effects on the lived
experience of all Detroit residents whatever their racial/ethnic social
identity group.

Hypothesis 2: We hypothesize interaction effects between race/ethnicity and
poverty status on AL score in Detroit.

The weathering framework posits that poverty is a marker not only
for householdmaterial disadvantage, but also for howDetroit’s racialized
history differentially structures current systems of risk pooling, oppor-
tunities for cultural affirmation, and exposures to “othering” encoun-
ters across racial/ethnic groups. For example, while black residents have
suffered the longest history of poverty and marginalization of the three
racial/ethnic groups examined here, they also may benefit from greater
racial/ethnic density. This density reduces othering encounters, enhances
identity safety, and enables dense, autonomous risk-pooling protections,
deeply rooted co-ethnic social ties, and shared counternarratives. One
implication is that income poverty could impact the health of racial-
ized groups differently, depending on the relative strength of their au-
tonomous social networks and the extent to which they practice recipro-
cal obligations or a shared sense of collective purpose. Being in poverty
would have worse health consequences for population groups who have
not developed and relied on such protections than for those who have.
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Hypothesis 3: Neighborhood stressors will be associated with AL scores
in absolute terms and in accounting for differences in
AL across race/ethnicity × poverty groups (poor or non-
poor non-Hispanic whites, non-Hispanic blacks, or Mexi-
cans/Mexican Americans).

Because we theorize that population differences in AL are expressions
of a structurally rooted biopsychosocial process that works through phys-
iological stress processes to wear out body systems, we expect that mea-
sured neighborhood stressors will impact AL scores and help to explain
any race/ethnicity× poverty interactions on ALwe find. Consistent with
our theoretical approach, we estimate whether the measured stressors,
writ large, account for AL differences within or across populations rather
than delineate the precise degree that a given measured stressor mediates
Detroit population variation in AL.

Data and Methods

Data Collection

In 2008, the Healthy Environments Partnership, a community-based
participatory research partnership, began to field the second wave of
a community survey designed to examine and address aspects of De-
troit’s social and physical environment.56,57 The study used a stratified,
two-stage probability sample of residents aged 25 and older living in
three areas of Detroit: Eastside, a segregated high-poverty black com-
munity; Northwest, a low- to moderate-income, predominantly black
but less segregated community; and Southwest, a high-poverty commu-
nity 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 comparisons on the basis of ethnicity. The
study sample was designed to observe adequate low to moderate income
variation within each of the three predominant racial/ethnic groups in
Detroit: black, white, and Mexican/Mexican American.

While collecting a rich set of background and experiential data, the
wave 2 HEP Community Survey included only a limited set of anthro-
pometric measures. To generate a comprehensive measure of AL that
includes primary mediators and secondary effects, we augmented the
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second wave of the HEP survey to include venous blood draw and saliva
collection from a subset of participants.

HEP survey participants who expressed interest in the AL portion of
the 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 people enrolled to participate
in biomeasure collection. These enrollees represented 92% of the 259
survey participants we asked to participate, who, in turn, constituted
56% of the full 460 wave 2 participants. After the exclusion of 34 en-
rollees who did not meet inclusion criteria, the final sample for the cur-
rent analysis included 205 participants (45 white; 114 black; 46 Mexi-
can/Mexican American).

Blood was drawn according to standard procedures for venous blood
collection.58 Salivary cortisol was collected three times daily over the
course of three days (first in the morning right after waking and before
brushing or eating, second in the middle of the afternoon, and third
just before bed at night). All biospecimen collection tubes and accom-
panying paperwork were labeled with identification numbers only, and
all lab personnel were blind to participants’ identities and sociodemo-
graphic characteristics. Data collection was completed in 2011. Blood
samples were analyzed by the Central Ligand Assay Satellite Services
(CLASS) laboratory at the University of Michigan’s School of Public
Health. Saliva samples were logged and stored at −80° C in the CLASS
laboratory until being shipped on dry ice to the University of Trier Psy-
chobiology Laboratory for analysis.

Outcome Variable: Allostatic Load

We construct our AL score to provide a cumulative measure of stress-
mediated multisystem physiological dysregulation,21,22,24,59 which we
conceptualize as the manifestation of biological weathering.12 Although
no standard approach to AL measurement exists in the literature,22

we draw from prior research to employ an AL algorithm comprising
14 biomarkers designed to assess functioning across the inflammatory,
cardiovascular, metabolic, and hypothalamic-pituitary-adrenal (HPA)
axis systems: albumin, body mass index (BMI), diurnal cortisol slope,
C-reactive protein (CRP), dehydroepiandrosterone-sulfate (DHEA-S),
diastolic and systolic blood pressures (DBP, SBP), glycated hemoglobin
(HbA1c), high- and low-density lipid levels (HDL, LDL), homocysteine,
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interleukin 6 (IL-6), total cholesterol, and triglycerides. Anthropometric
biomeasures (DBP, SBP, BMI) were obtained from physical examination;
serum and saliva-based measures were obtained from laboratory results.
Our inclusion of both primary mediators (DHEA-S, cortisol, IL-6) and
secondary outcomes is intended to more adequately capture the multiple
interacting pathways that affect major bodily systems concurrently.60 To
our knowledge this precise configuration of AL indicators has not been
used in prior research,21,22 as our study is one of the first to employ such
a comprehensive battery measure within a geographically situated, pre-
dominantly nonwhite US sample of broad age range.31,32

To assess the sensitivity of our findings to alternative specifications of
AL, we construct two count-based summary measures explored in prior
literature. Following a standard approach,20,29,33,34,61,62 we assign a
binary (0/1) variable for each biomarker, with a value of one identifying
participants in the highest-risk quartile based on the distribution of
that biomarker in the sample (<25th percentile for albumin, HDL,
and DHEA-S and >75th percentile for all others). We generate a
continuous measure of AL by summing across all biomarkers to obtain
scores with a potential range of 0 to 14, where higher scores indicate
greater biological weathering. Additionally, we construct a binary (0/1)
AL outcome, with a value of one indicating a high AL score, defined as
a score of four or above. We chose this high-score threshold based on
the mean scores in our study population and also conducted sensitivity
analyses using other plausible cut points (3 and 5), which yielded
qualitatively similar patterns.

In the Detroit analyses (Hypotheses 2 and 3), Detroit sample-based
quartiles were used rather than clinical cut points or high-risk quar-
tiles obtained from more representative study samples because the
Detroit-based sample demonstrates high-risk compression relative to
these thresholds. While the use of sample-based cut points may un-
derestimate absolute risk levels in the sample, the use of sample-based
thresholds more aptly captures sample variation and allows us to exam-
ine how contextually specific experience shapes the distribution of risk
within our population of interest. Appendix Table A1 displays Detroit
sample-based high-risk thresholds for each biomarker.

To exploreHypothesis 1, we used data from the 2009-2010NHANES
to compare AL scores in the HEP sample with those observed in a na-
tionally representative sample. NHANES collects 10 of the 14 biomark-
ers that make up our AL score: albumin, BMI, CRP, DBP and SBP,
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HbA1c, HDL and LDL, total cholesterol, and triglycerides. Data col-
lection procedures for these variables are similar to those employed in
the Detroit sample, although some variables required unit conversion
to ensure comparability. To have the data resemble our sample in terms
of race/ethnicity, we limit the NHANES data set to respondents identi-
fying as non-Hispanic white, non-Hispanic black, or Mexican/Mexican
American. Further, we limit the sample to match the age ranges of the
Detroit sample by race/ethnicity and sex. Only participants with com-
plete data for all ten biomarkers are included in the data set (n= 1,447).

To provide proper comparisons across data sets, for Hypothesis 1 only,
we recalculate a truncated AL score for the Detroit sample using only
the ten variables common to both data sets. Instead of using quartiles
from the Detroit sample to dichotomize each biomarker, we used quar-
tile values drawn from the NHANES, weighting for the complex sam-
pling design. In addition, the NHANES was weighted to reflect the
age and sex distributions of the black HEP sample for the race/ethnicity
comparisons.

In all analyses, participants taking medication for diabetes, hyperten-
sion, or cholesterol were classified as high-risk for HbA1c, blood pres-
sure, or total cholesterol, respectively. This decision is based on our the-
oretical model, which provides that those taking medication (and thus
diagnosed with a chronic disease) have already experienced systematic
deterioration. Further, taking medication to control the condition does
not alleviate any aspects of the social environment that may have helped
precipitate the condition.

Explanatory Variables

As explicated in the next section, Poisson models were run, yielding pre-
dictions of AL scores stratified by race/ethnicity and the groups denot-
ing the interaction between race/ethnicity and poverty-to-income ratio
(PIR). All models are conditioned on age and sex. Age was measured in
years, calculated as the difference between the respondent’s date of birth
and the date of the study interview. Sexwas self-reported, with all partic-
ipants identifying as either male or female; in each model, males provide
the reference group. A categorical variable indicates participants’ highest
level of education: (1) less than a high school degree (referent category),
(2) high school degree or general equivalency diploma, (3) some college
or an associate degree, and (4) bachelor’s degree or higher.
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To study variation in AL across intersections of race, place, and socio-
economic position, we construct a categorical variable based on the inter-
action between race/ethnicity and poverty status. Participants identified
their race/ethnicity as either non-Hispanic black, non-Hispanic white,
or Mexican/Mexican American (hereafter referred to as white, black, and
Mexican). PIR was calculated based on the respondent’s household in-
come relative to the federal poverty level designated for the participant’s
household size; PIR values greater than or equal to 1 indicate incomes
greater than the household-size-specified federal poverty level, and val-
ues less than 1 indicate incomes below it. The resulting variable yields
six categories: (1) nonpoor white, (2) poor white, (3) nonpoor black, (4)
poor black, (5) nonpoor Mexican, (6) poor Mexican. Following weather-
ing theory, we interpret any differential in AL according to this interac-
tion of place, race/ethnicity, and poverty-to-income ratio as a proxy for
unobserved heterogeneity in lived experience among the various inter-
sectional groups.

Under the weathering theory, some candidate contributors to the
overall unobserved heterogeneity are also included in our models. These
variables are intended to reflect exposure to, and coping with, struc-
turally rooted biopsychosocial stressors: education, safety stress, every-
day unfair treatment, physical environment stress, negative social inter-
actions, overall neighborhood satisfaction, feelings of anger or despair,
and smoking—all risk factors for stress-related physiological wear and
tear.
Safety stress was assessed based on three questions concerning how of-

ten participants worry about safety in their home or neighborhood, with
response options ranging from 1 (never) to 5 (always). Perceived unfair
treatment was measured using five items from the Everyday Unfair Treat-
ment scale (e.g., how often are you treated with less courtesy or respect
than others, how often are you threatened or harassed), modified from
the 1995 Detroit Area Study.63,64 Frequency of perceived unfair treat-
ment ranged from 1 (never) to 5 (always).

Participants’ perception of their neighborhood physical environment
was assessed by a series of seven questions designed to capture both neg-
ative and positive physical features of their neighborhood. Higher scores
on this scale reflected better-perceived neighborhood physical environ-
ment, with more positive and fewer negative features. We adapted the
Negative Social Interactions scale from Schuster, Kessler, and Aseltine65

to quantify the frequency with which friends and family members either
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(1) made too many demands on the respondent or (2) criticized the re-
spondent or the respondent’s behavior. Responses ranged from 1 (never)
to 5 (always).
Neighborhood satisfaction is operationalized by a five-point Likert scale

indicating the respondent’s level of agreement to a single item: “I
would move out of this neighborhood if I could.” Consistent with our
orientation toward lived experience, the neighborhood-level questions
(neighborhood physical environment, neighborhood satisfaction) did
not define “neighborhood” explicitly. Participants responded according
to their own definition.
Anger out was measured using a four-item scale regarding how often

a person argued with others, struck out, said nasty things, or lost their
temper while feeling angry or mad.66 Hopelessness was measured using
level of agreement to two items from the Beck Hopelessness Scale: “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 I strive
for.”67 Higher scores for anger or hopelessness reflected more frequent
expressions of anger or stronger agreement with hopelessness statements,
respectively.

Using survey items derived from previous studies,68,69 we designated
participants who reported never regularly smoking tobacco products as
the reference category relative to current regular smokers and to former
regular smokers.

Statistical Analysis (Hypotheses 2 and 3)

We regressed AL scores on the aforementioned variables in a series of
nested Poisson models.We used the Poisson model because the allostatic
load is a count variable with scores running from 0 to 14. The model
takes the form

Ln
(
E

[
AL|X]) = θ ′X,

whereX is a set of variables that influence AL andϴ is a set of coefficients
to be estimated. These coefficients have the same interpretation they
would in a log linear regression; in a log linear regression a one-unit
change in X is associated with a ϴ unit change in Ln(E[A]). For small
values ofϴ, estimates can be interpreted as percent changes in AL. Thus,
for example, a coefficient of 0.023 on age implies that each additional
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year of age is associated with a 2.3% increase in the expected allostatic
load score.

Since previous findings have found differential effects of income on
health outcomes by race/ethnicity, we stratified the race/ethnicity groups
by PIR as interaction variables for the analysis. All models controlled for
race/ethnicity, the interaction of race/ethnicity and PIR, age, and sex:

Ln (E [AL]) = β0 + β1Black + β2Mexican + β3 (White × PIR)

+ β4 (Black × PIR)

+ β5 (Mexican × PIR) + γ1age + γ2female

In this model, β1 and β2 represent the effect of being nonpoor black
or Mexican, relative to being a nonpoor white, while β3, β4, and β5

compare poor whites, poor blacks, and poor Mexicans to their nonpoor
counterparts. An alternative parameterization would include a poverty
dummy and would drop one of the interaction terms. Such a model
would alter the interpretation of the coefficients on the interaction
terms, but would not change the implications of the regression.

Although the proportion of missing variables underlying the AL score
was minimal, we used Markov Chain Monte Carlo multiple imputation
procedures in order to conduct a complete case analysis.70 We imputed
variables underlying the AL score (i.e., albumin, BMI, diurnal cortisol
slope, CRP, DHEA-S, DBP, SBP, HbA1c, HDL, LDL, homocysteine,
IL-6, total cholesterol, and triglycerides) by creating a conditional dis-
tribution of these missing variables derived from all of the underlying
AL score variables as well as the explanatory variables. We imputed the
data five times for this analysis.

Only one explanatory variable (participants’ perceptions of their
neighborhood physical environment) containedmissing values, with 8%
of its values missing. To allow analysis of the full sample, we imputed
this variable by fitting a multivariate ordinary least squares regression
model and replaced the missing values with the model’s estimates. The
explanatory variables in this imputation model were the other explana-
tory variables.71 Given the minimal number of missing values among
our explanatory variables, imputing these missing values for this one
variable averted the need to exclude observations from our analysis. All
imputations and analyses were conducted using STATA IC version 15.1.
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Results

Sample Description

As shown in Table 1, the household income distribution is far more com-
parable across black, white, andMexican participants in the Detroit sam-
ple and substantially lower than in the nation as a whole. For example,
the percentage of whites, blacks, or Mexicans reporting annual incomes
of <$10,000 was 38%, 37%, and 35%, respectively, in Detroit, com-
pared to 6%, 15%, and 9%, respectively, in the nation. Race/ethnicity-
specific poverty rates among Detroit study participants aged 25 to 64
years are more than double the national rate for black or Mexican par-
ticipants, and seven times the national rate for whites.

The mean AL scores in the Detroit sample, using the 14-item algo-
rithm and Detroit cut points, standardized to the age and sex distribu-
tions of the black participants in the sample, were as follows: whites 3.5,
blacks 4.1, and Mexicans 3.4. The percentage with high AL scores was
43% for whites, 60% for blacks, and 45% for Mexicans.

Table 2 displays these means further stratified by poor and nonpoor.
For black and white participants in the Detroit sample, being poor is
associated with higher AL, although the difference among black partici-
pants is smaller than among white participants. In contrast, for Mexican
participants, mean allostatic load score is 6.5% lower among the poor
compared to the nonpoor.

As illustrated in Figure 2, looking at the percentage with high scores
(defined as AL scores ≥ 4), these trends are more pronounced. White
nonpoor are 39 percentage points less likely to have high AL scores than
the white poor, and black nonpoor are 20 percentage points less likely
to have high AL scores than the black poor, while Mexican nonpoor are
10 percentage points more likely to have high AL scores than Mexicans
in poverty.

Hypothesis 1: Within racial/ethnic group, Detroit participants will have
higher AL than in a national sample

To gauge how Detroit sample means compare to national samples,
Table 3 compares NHANES to Detroit sample means, based on the
10-item AL algorithm possible in the NHANES sample, using
NHANES cut points, and adjusted in all cases for the age and sex distri-
bution of the black Detroit sample. Hence, the means for the Detroit sample
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Table 2. Mean Allostatic Load Score in Detroit Sample Stratified by
Race/Ethnicity and Poverty Status, Age, and Sex Standardized to the
Black Detroit Population

Race/Ethnicity
Household
Poverty n Mean AL

%With AL
Score ≥4

White PIR > 1
(nonpoor)

24 2.4 16%

PIR < 1
(poor)

21 3.9 55%

Black PIR > 1
(nonpoor)

60 3.2 40%

PIR < 1
(poor)

54 4.0 60%

Mexican PIR > 1
(nonpoor)

23 3.1 41%

PIR < 1
(poor)

23 2.9 31%

Abbreviations: AL, allostatic load; PIR, poverty-to-income ratio.

here differ from those reported earlier because limitations of the NHANES data
require us to use an abbreviated algorithm and a national set of cut points. In
addition to means, we also compare percentages with high AL scores
(≥4) across the two samples.

The mean score point estimates for each racial/ethnic group are higher
in the Detroit sample than in the NHANES sample. Differences in
means among whites (p< 0.04) and for Mexicans (p< 0.04) are statisti-
cally significant. Whites and Mexicans have a higher percentage with a
high AL score in the Detroit sample than in the NHANES sample, with
a 24 percentage-point difference among whites (p < 0.04) and an 18
percentage-point difference among Mexicans (p < 0.02). The point es-
timates for blacks were 5 percentage points lower in Detroit than in the
NHANES sample, but this was not a statistically significant difference.

These findings provide general support for Hypothesis 1, that the
Detroit sample is more likely to have higher AL than the NHANES
sample. The comparability in mean and percentage high AL scores for
black participants across the samples is a notable exception.
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Figure 2. Percent High Allostatic Load Score by Race/Ethnicity and
PIR, Detroit Sample [Color figure can be viewed at wileyonlineli-
brary.com]
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Poor defined as poverty-to-income ratio (PIR)< 1.High allostatic load de-
fined as allostatic load score≥ 4 based on 14-item algorithm and Detroit
high-risk thresholds.

The differences in means between the Detroit and NHANES sam-
ples are likely to be driven at least in part by different income distri-
butions between the two samples, whereby the distribution for the De-
troit sample is lower and more compressed than that of the national
sample. The differences in means also would reflect other unobserved
differences between living in Detroit and being a representative sam-
ple member of the United States. To attenuate the degree to which
different income distributions, per se, explain the higher scores among
the Detroit sample compared to the NHANES sample, Table 4 further
stratifies each racial/ethnic group by poverty status. Both the Detroit
and NHANES sample members reflected here live in households with
poverty-to-income ratios of <1.

Limiting the sample to those in poverty, all groups show higher mean
scores and higher percentages of members with high AL scores if they are
in the Detroit sample compared to the NHANES sample, although the
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Figure 3. Percent of Poor With High Allostatic Load Scores in Detroit
and NHANES Samples, by Race/Ethnicity [Color figure can be viewed
at wileyonlinelibrary.com]
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NHANES high-risk thresholds.

differences in means for black participants are statistically insignificant
and much smaller than for white (p < 0.07) or Mexican (p < 0.10) par-
ticipants. Considering the percentage of each racial/ethnic group with
high AL scores, poor black Detroit participants have a 4 percentage-
point higher rate of high AL than poor blacks in NHANES, an insignif-
icant difference, while poor whites (p < 0.01) and poor Mexicans (p <

0.02) have substantially higher percentages in the Detroit sample than
in the NHANES sample.

At 84%, poor white participants in Detroit have the highest rate
of high AL scores of any group—about 30 percentage points higher
than poor whites or poor Mexicans in the nation, 17 percentage points
higher than poor black participants in Detroit, and 5 percentage points
higher than poor Mexicans in Detroit (Figure 3). Relative to whites and
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Mexicans, blacks had the lowest percentage with a high AL in Detroit,
yet the highest in NHANES.

The race-specific differences between members of the Detroit and
NHANES samples are robust to comparisons of only those with PIR
< 1 and, thus, not explained by the substantially higher poverty rates
in Detroit compared to the United States. This finding suggests unob-
served heterogeneity in aspects of racialized lived experience other than
income poverty that affect AL, either by exacerbating it for poor whites
compared to blacks or Mexicans, or by being protective for blacks and
poor Mexicans relative to poor whites in Detroit.

Regression Analyses: Tests of Hypotheses 2 and 3

Moving to a Poisson regression framework and focusing on variation in
the Detroit sample only, using the 14-item AL algorithm, we consider
Hypotheses 2 and 3 using estimates reported in Table 5. To consider in-
teractions between race/ethnicity and poverty status (Hypothesis 2), in
Model 1 of Table 5, we report estimates of differences in AL scores for
nonpoor black and Mexican participants relative to nonpoor white par-
ticipants in the first two rows of estimates; and in the following three
rows of estimates, differences in allostatic load scores for poor versus non-
poor within each race/ethnicity group. Reported estimates are estimates
from Poisson regressions using individuals’ AL scores as the dependent
variable. Reported estimates can be interpreted as the proportion in-
crease in AL score associated with the explanatory variable.

Among the nonpoor, black participants, on average, have a 28%
higher AL score than white participants (p < 0.04). The estimate for
nonpoorMexican compared to nonpoor white participants is 26% higher
(p < 0.12), trending toward but not achieving statistical significance at
conventional levels.

Among white participants, those who are poor have a 48% higher
mean allostatic load score than the nonpoor (p < 0.01). The black poor
are 23%worse off than the black nonpoor (p= 0.01). The point estimate
for poor Mexican participants suggests they have a 10% lower mean AL
score than the nonpoor, but this is not statistically significantly different
from the nonpoor.

One might imagine that the differences across the race and ethnic-
ity groups in terms of the estimated effect of poverty on AL could be
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accounted for by the fact that there are income distribution differences
across groups among the poor and, especially, the nonpoor. While such
differences exist (the white nonpoor are better off, on average, than the
nonwhite nonpoor), when we controlled for income to needs (PIR) as a
continuous variable in addition to the dichotomous PIR > 1 variable
already in the model, it did not affect the estimated coefficients on the
variables already included, suggesting the somewhat different income
distributions by race/ethnicity are not a source of bias.

By subtracting the estimated effect of being poor from comparisons of
black relative to white participants, and Mexican relative to white par-
ticipants, we can estimate whether there is racial/ethnic group variation
in the impact of being a poor Detroit resident on AL. Doing so, we find
the poverty effect for blacks is roughly half as large as the poverty effect
for whites (0.23 vs. 0.48; p < 0.10). The poverty effect for Mexicans
is actually estimated to be negative—that is, Mexicans in poverty have
lower AL scores than those not in poverty; and the difference between
the poverty effect for white and Mexican participants is significant (p <

0.01). In fact, the effect of poverty for white participants is 58 percentage
points larger than for Mexicans.

In sum, these estimates do suggest an interaction between
race/ethnicity and poverty group within the Detroit sample. The ad-
verse impact of poverty is substantially higher for white than for black
or Mexican participants, suggesting the groups face different contingen-
cies of social identity that go beyond income poverty in the context of
Detroit residence to affect AL. The largest difference between poor and
nonpoor was seen in white participants, with a smaller difference among
black participants. Among Mexicans, the poor and nonpoor were statis-
tically no different from each other, with point estimates suggesting the
possibility that the poor might have lower mean allostatic load scores
than the nonpoor in this setting. Compared to the white poor, the Mexi-
can poor had a 32% lowermean AL score (p< 0.07); in fact, the Mexican
poor had AL scores that were not statistically significantly higher than
the white nonpoor. These findings suggest that limiting measurement
to independent main effects of race/ethnicity, poverty, or place masks un-
observed heterogeneity in lived experience at the intersections of race,
place, and poverty.

Of what might such unobserved heterogeneity be composed? We
found the stressors we measured to have little effect on AL, as seen in
Models 2–5 in Table 5. Only having a less than high school education
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andwanting tomove out of the neighborhood aremarginally statistically
significantly associated with AL. Taking account of all measured covari-
ates mildly increases the mean AL score for black and Mexican nonpoor
compared to the white nonpoor, mildly decreases the negative associa-
tion of poverty to AL for whites and blacks, and mildly increases the pos-
itive association of poverty for Mexicans. Still, all general race/ethnicity
× PIR relationships with AL remain robust to the presence of the mea-
sured stressors.

Discussion

The clearest takeaway from this study is that unobserved heterogeneity bias is
a major threat to the validity of universal interpretations of associations
between race/ethnicity, socioeconomic characteristics, or place of resi-
dence and allostatic load. Such findings call for greater nuance when in-
terpreting findings from national samples employing independent main
effects measures of race/ethnicity, poverty, or place alone, if we are to
meaningfully enhance understanding of population health inequity or
how to eliminate it. To the extent that unobserved heterogeneity re-
flects differences in racial/ethnic identity contingencies that vary with
lived experience in different times or places, study findings suggest that
race/ethnicity and income poverty are best characterized as contextually
fluctuating social constructs whose health impacts conventional socioe-
conomic variables appear insufficient to reflect.7,72

For white and Mexican participants, but not black participants, mean
AL scores and the probability of having a high AL score were higher in
the Detroit sample than in the NHANES sample, as anticipated by Hy-
pothesis 1. Even after restricting these comparisons to only those with
PIR < 1 across the two samples, dramatic differences between the local
and national samples for white and Mexican participants remained. This
was especially the case for whites with poverty-income ratios below 1,
suggesting that unobserved differences in lived experience among white
people residing in high-poverty urban areas go beyond their greater like-
lihood of income-poverty compared to nationwide averages.

Like other racial/ethnic groups, whites are a distinct and heteroge-
neous group facing unique contingencies of racial identity in specific
settings. Being white and poor in the face of popular narratives ad-
vancing white racial expectations of conventional socioeconomic success
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through individual effort, or living in low-income areas of Detroit with
its racialized spatial stigma as an “urban black inner city,” may be par-
ticularly stressful and health compromising for whites when combined
with reduced likelihood of health-enhancing collective social resources
more reliably associated with black American and Mexican origin popu-
lations. Current study findings along with recent findings byGeronimus
and colleagues73 showing growing inequities in life expectancy between
less- and more-educated whites over the past three decades reinforce the
need to understand variation among whites in lived experience across
settings and historical moments, rather than including whites in studies
primarily as a referent. Further, the objective evidence of stress-mediated
biological deterioration among impoverished Detroit whites we provide
based on laboratory assays suggests the need for greater consideration of
the contribution of chronic socially structured physiological impacts on
health in investigations of growing excess death rates among the least
educated whites, in addition to the current popularized focus on exis-
tential despair culminating in drug overdose or suicide death.73

Nonpoor Mexicans had higher AL relative to nonpoor white or black
participants. In contrast to comparisons for poor and nonpoor white and
black participants, after adjusting for age and sex, differences in the
percentage with high AL scores between nonpoor and poor Mexicans
were not statistically significant and the trend favored the poor. Unique
stressors among Mexicans in Detroit that cut across the poor and non-
poor may, in part, reflect that data collection coincided with a period of
heightened surveillance by immigration officials in Southwest Detroit.
As a border community less than 100 miles from the Canadian border,
Detroit residents who are Latinx encounter Immigration and Customs
Enforcement (ICE) surveillance with fewer restrictions than those living
farther from a border. This is an example of a population-specific contin-
gency of social identity that may impact health for specific groups and at
specific times or places and not others.74 While one might imagine such
effects would pertain only to undocumented Mexicans in Detroit, stud-
ies have shown that fears of immigration enforcement can have adverse
health effects on US-born co-ethnics.74 Our small sample size precluded
disaggregating the Mexican population by nativity for statistical anal-
yses, but we note that Mexicans in the nonpoor group were dispropor-
tionately US born, while those in the poor group were disproportionately
foreign born. If immigrants experience a heavier burden of fear of ICE
enforcement, the extent to which differential AL scores between poor
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and nonpoor Mexicans favor poor Mexicans might be dampened in our
findings.

Despite the added stressor of ICE surveillance, poor Mexicans had
lower AL than either poor whites or poor blacks. This finding is consis-
tent with Peek and colleagues’ findings on AL in Texas City, Texas,32 and
with Geronimus and colleagues’ findings comparing telomere lengths
of poor and nonpoor blacks, whites, and Mexicans in Detroit.8 These
findings cast into sharp relief the importance of considering social and
psychological health determinants, operating beyond the influence of
conventionally measured individual or household income. For example,
multiple studies document that recently arrived low-income Mexican
immigrants often have significantly better health than other US-born,
low-income population groups.75 This initialMexican immigrant health
advantage is reduced with years of residence in the United States and dis-
appears altogether in subsequent generations.3,76 The relatively lower
AL scores among the poor Mexican group may in part reflect this immi-
grant health advantage and fewer years of residence in the United States.

Length of residence in the United States may erode this initial im-
migrant advantage through multiple mechanisms. Qualitative studies
conducted in Detroit within the Mexican population by Viruell-Fuentes
have reported evidence suggesting that as new immigrants reside in the
United States longer, or as their children are raised in the United States,
they increasingly engage and negotiate majority-white social institu-
tions in daily interactions.6,77 The more prevalent negative prejudices
and stereotypes encountered through these interactions increase the de-
gree to which immigrants are acutely aware of and attuned to dehu-
manizing ideologies associated with US racial hierarchies that may ac-
tivate physiological stress processes.6,77-79 To the extent that Mexicans
in the lower-income group have fewer disconfirming interactions with
discriminatory majority institutions, or have encountered those institu-
tions for relatively shorter periods of time, the health-damaging effects
of such interactions may not yet be reflected in AL scores. To the ex-
tent that those with higher income have more frequent encounters with
those same institutions, or have encountered them for longer periods of
time, their effects may be reflected in the higher AL scores in the non-
poor Mexican group. The finding that poor Mexicans reported feeling
less anger or hopelessness than nonpoor Mexicans is consistent with this
perspective.
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Encounters with discriminatory institutions may also have differen-
tial impacts for Mexicans contingent upon social identities and net-
works. Eighty percent of poor Mexicans in Detroit reported that Spanish
was the most commonly spoken language in their homes, regardless of
nativity. Most resided in Southwest Detroit, an area with a substantial
Latinx population, restaurants and services catering to Spanish-speaking
populations, and many identity-affirming symbols, institutions, and
cultural events. As first suggested by James,80 speaking Spanish in the
home may afford some health protection, offering an alternative and af-
firming sociocultural framework to the dominant marginalizing one.4

Finally, potential health-enhancing value of ethnic enclaves for im-
migrant populations has been hypothesized to operate through market
economy dynamics that structure social interactions. Low-wage immi-
grant enclave economies may promote social well-being and health in
two distinct, but integrally related ways. First, such communities pro-
vide opportunities for residents to develop and apply skills appropriate
for niche labor markets particular to Mexican immigrant populations
(food industry, domestic work, construction, yard maintenance, etc.) in
ways that are particularly salient and confirming to group members.81,82

Second, these practices reduce the necessity of engaging labor mar-
kets in dominant society, which may be more lucrative, but also more
disconfirming.83,84 Together, fewer encounters with and shorter dura-
tion of exposure to discriminatory institutions in the United States;
greater access to health-protective, affirming identities; and residing and
working within an ethnic enclave are all factors that may contribute to
the trend observed here toward lower AL scores among poor Detroit
Mexicans relative to poor blacks or poor whites in this sample. Future
research exploring these potential protective factors is warranted to bet-
ter understand these patterns.

Among black participants, we saw less differentiation in AL scores by
PIR than in the white and Mexican groups, as well as less within-group
variation between the national and local samples. A growing literature
finds that being high on the socioeconomic ladder is a porous shield from
structurally racist lived experiences that intensify allostatic load among
blacks. In addition, much research suggests the separation between poor
and nonpoor US blacks in everyday life is less marked than between
poor and nonpoor US whites.2,85,86 US blacks tend to have greater res-
idential proximity across socioeconomic gradients owing to residential
segregation. Additionally, poor and nonpoor blacks are more likely to be
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members of the same families and social networks, practice reciprocal
obligations, or have similar experiences of cycling between low and
moderate incomes.2,86-89 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 accurately
reflect differences in material hardship, life stressors, or pooled cultural
strengths among US blacks.

Moreover, structural racism in the United States, predominately anti-
black, is historically entrenched. Over the past century, urban ghet-
toization and disinvestment has provided a critical staging ground for
anti-black racism. Our focus on Detroit—one example of that staging
ground—may help explain why only small differences were found in AL
between blacks in Detroit and in NHANES, while whites and Mexi-
cans showed large differences. Blacks are subjected to racist structural
violence wherever they reside in the United States and also dispropor-
tionately reside in the most underinvested urban areas. The large na-
tionwide vs. Detroit disparities seen within whites and Mexicans, in
contrast, may reflect that only those whites and Mexicans residing in
proximity to blacks, particularly in high-poverty urban centers, would
experience the residual institutional impacts of structural anti-black dis-
crimination. Meanwhile, Detroit blacks may have developed protec-
tive systems that better insulate them from harms specific to anti-black
racism. This possibility is consistent with the finding of Linnenbringer
and colleagues that among California women diagnosed with breast can-
cer, black women residing in neighborhoods with higher percentages of
black residents had significantly lower odds of being diagnosed with
triple negative breast cancer, a more aggressive and deadly subtype of
the disease.36 While the etiology of breast cancer subtypes is not well
understood, higher levels of prediagnostic AL have recently been asso-
ciated with poorer prognostic features among black women with breast
cancer.37

Neither the stressors and response styles we measured nor smoking
behavior accounted for the unobserved heterogeneity implied by inter-
actions among race/ethnicity, poverty-to-income ratio, and place. Per-
haps this finding reveals misalignment between dominant ideas about
what are the major stressors and health risks in low-income racial mi-
nority urban areas and those held by the populations confronting the
contingencies of this lived experience. Although a number of conven-
tional stressors were measured in our data, additional social risks and
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insults specific to Detroit and likely to vary across racial/ethnic groups
may be at play. For instance, notions of white racial privilege or entitle-
ment combined with unmet expectations of economic success, not mea-
sured in our study, could be particularly health-harmful for poor whites
in Detroit.8,90 In contrast, the alternative sociocultural orientations for
Mexicans and blacks referenced previously may, on balance, be health
protective for racial-minority populations. And, perhaps, in the Detroit
context, specific maladaptive unhealthy individual behavioral responses
such as smoking may have marginal health costs beyond other, more
fundamental and insidious, structurally rooted, chronic biopsychosocial
stressors. Such possibilities require continued empirical study.

On a methodological note, our findings suggest that the common
practice of estimating mean AL scores runs the risk of obfuscating im-
portant differences that may exist in the population percentage exhibit-
ing high scores. Using mean scores is statistically more efficient, and it
evades the question of the most appropriate cut point to determine a
high score. Yet, as we found here, diverse population groups with simi-
lar mean scores boasted considerably different percentages with multiple
morbidities, arguably a conceptually clearer indicator of weathering and
a greater cause for concern.91

Limitations

We were unable to consider possible variation in exposure to environ-
mental toxins across racialized groups. By focusing on groups living in
proximity to each other in a single city, such bias would be smaller than
in national samples; however, to the extent that racialization and racial-
ized social bias influence access to labor market segments, it is possible
that different racialized groups face different toxic physical and social ex-
posures at work. Prior studies focused on the Detroit metropolitan area
provide evidence that structural environmental racism places racialized
groups in Detroit and surrounding areas at increased health risk due to
toxic environmental exposure. There is also evidence of variation in ex-
posure to air pollutants across neighborhoods within Detroit92 and that
these variations are associated with excess burden of childhood asthma,
high blood pressure, and excess cardiopulmonary mortality.93-97 Impor-
tantly, none of these studies tested for variation in race/ethnicity and
poverty distributions across neighborhoods, leaving open the question
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of whether the pollution-associated health outcomes were mediated or
moderated by race/ethnicity and poverty, key foci of our study.

Another limitation is that we were unable to include more affluent
households in the Detroit metropolitan area. The compression of our
sample’s household income distribution at the low end and its inclusion
of only Detroit residents made it more statistically efficient and homo-
geneous in key respects. Further, relative income homogeneity across
racial/ethnic groups allowed us to focus on whites who are as poor as
the blacks and Mexicans to which they were being compared, a rarity
when analyzing metropolitan, state, or national samples. While we con-
sider this a central strength of the study, it nonetheless limited possible
comparisons within groups or between the local and national samples.

We would have benefited from a larger sample. Linkage to the HEP
survey data placed a ceiling on our n, limiting it to those who com-
pleted the second wave of the HEP survey and agreed to participate in
the biomeasure collection portion of our study. In this primary biomea-
sure collection effort, our sample size was further restricted by the labor
intensity and challenges of obtaining saliva and blood samples from a
hard-to-reach, relatively transient, and understandably mistrustful pop-
ulation. (See Caldwell et al.98 and Pearson and Geronimus99 for discus-
sions of this issue in Detroit.)

As with many studies of AL, the algorithm we used when making
national comparisons (Hypothesis 1) was data driven—that is, limited
by the items available in NHANES. In contrast, within-Detroit analyses
were based on a primary data collection effort, enabling us to construct a
more expansive algorithm drawing on a state-of-the-art understanding
of the proper component indicators of AL.

Notwithstanding study limitations, our findings suggest the impor-
tance of recognizing the existence and impact of structurally rooted un-
observed heterogeneity in life chances and lived experiences of diverse
social identity groups on an objective measure of health. This can be
true even among those who reside in the same geographic place and
have comparable incomes, and even compared to those with the same
racial/ethnic identity or poverty level nationwide. Although we were
unable to illuminate the specific or measurable aspects that account for
racialized health inequity in AL in Detroit, our findings leave little ques-
tion that such heterogeneity needs to be understood far better than more
typical social epidemiological risk-factor approaches allow.
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Implications for the Ways Forward

Although methodological efforts we made to focus on a specific set-
ting and employ a community-based participatory approach are sug-
gestive of the limits of more conventional social epidemiological sta-
tistical analyses for investigating population health inequity, we do not
mean to imply that studies such as ours are likely to quantify precise
single-variable pathways to health inequities that could be addressed in
a vacuum. Indeed, a core implication of our work highlights that one-
size-fits-all conceptual/theoretical models, assessment tools, and inter-
ventions developed from the perspective of a single demographic, par-
ticularly the dominant social group, are insufficient to reflect the lived
experiences of diverse population groups or mitigate the negative health
impact of marginalized social status or residence in historically disin-
vested places.2,4

We see the unanswered questions that remain in this study as a crit-
ical open door to a new kind of inquiry for population health inequity
research that considers variation in lived experience for racialized and
impoverished groups across historical moments, and within geographic
and institutional settings. Such an approach cultivates empathy across
groups and respect for local knowledge, enhancing the chance to illu-
minate routes to a public health of consequence. Such research would
probe the local to identify the magnitude of unobserved heterogeneity
across racialized groups and deconstruct what specifically differs in their
lived experiences in the same local area that sets their health outcomes
apart from each other and from national averages for their sociodemo-
graphic group. In addition to differential access to income, health care,
or healthy foods and physical environments, we expect some of these dif-
ferences will be in racially coded cues to biopsychosocial stress arousal
that trade on entrenched stereotypes; in the power dynamics among lo-
cal population groups; and in the more or less adaptive coping strategies
culturally available to different groups in the face of hardship.

Our work highlights the importance of considering social difference
across multiple dimensions of identity including race/ethnicity, nativity,
and socioeconomic gradients within a specific place context. Toward
that end, study findings encourage moving beyond community-
based samples to active engagement of residents of communities
disproportionately affected by structural inequities as they mani-
fest within particular historical, social, and economic contexts.100,101
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Such work encompasses community-based study designs that are
informed by historical and contemporary social and economic contexts,
by ethnographic and other qualitative research approaches, and by the
active and sustained participation of community groups in the develop-
ment, implementation, and interpretation of research conducted within
local contexts. The establishment of equitable, community-driven,
and/or CBPR partnerships among community, academic, and public
health practice entities can foster a more nuanced understanding of so-
cial determinants of health as they manifest locally. Equally important,
CBPR partnerships build knowledge about key strategies for structural
and policy change to promote health equity.102,103

In the realms of interventions, programs, and policies, our work sug-
gests that social differences across multiple dimensions of identity must
be simultaneously addressed if policy makers expect success in alleviat-
ing the health effects of urban disinvestment or other political and physi-
cal manifestations of structural racism. A well-documented impediment
to integrating this range of health equity options is the false dichotomy
frequently drawn between policies targeting the specific needs of so-
cially vulnerable populations and universal policies designed to benefit
all segments of the broader population. Policies targeting the needs of
marginalized groups are often viewed through the egalitarian merito-
cratic lens of the American Creed and perceived as special treatment for
the “undeserving poor.” They, thus, frequently elicit majority popula-
tion resentment and political resistance. Universal policies, by compar-
ison, assume a global norm per the dominant viewpoint that reflects
positive bias for that perspective while imposing negative bias against
social minorities, thus perpetuating social inequality. Targeted univer-
salism covers the needs of a broad constituency yet stands to leverage
equity to address needs of vulnerable populations.104-106 For example,
Canadian Healthy Child programs have successfully implemented a tar-
geted universal approach by contacting all families with children to pro-
vide services from pregnancy to school entry. Families found to be facing
greater challenges are matched with trained home visitors who provide
multifaceted support for up to three years contingent upon need.105

Study findings are consistent with the premise that the stress-
mediated health impact of being a member of a given racial/ethnic,
poverty, or place of residence group varies with the contingencies of
racial/ethnic and class identity in one’s particular daily round. Con-
sistent with this premise, we also recommend interventions that are
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informed by “Jedi Public Health” (JPH) principles to reduce or dis-
rupt repeated physiological stress process activation that fuels popula-
tion weathering.13 The objective of JPH is to ensure that stigmatized
social identity is not chronically central to who people are in everyday
life, and never central in high-stakes performance settings. This goal
points to interventions that create identity-safe settings, including by
changing adverse situational identity contingencies, the environmental
cues that signal them, and the narratives used to interpret them. Some
JPH approaches are straightforward, inexpensive, and highly scalable.13

Our findings also point to ambitious policies that restructure the
ecologies of local areas and highlight equity and investment in doing
so.107 Engaging with community partners who have linkages to on-
going social movements and decision makers creates opportunities to
work collaboratively to address fundamental drivers of health inequities.
Community-led movements for worker protections, housing rights, and
environmental justice address underlying structural determinants as
they are manifest on a local level, influencing racial, ethnic, and socio-
economic equity.1,2,108,109 Examples include Vital Brooklyn,110 a New
York state initiative emphasizing “wellness-based” economic and envi-
ronmental development. The program works in concert with local an-
chor institutions, community agencies, and labor unions to improve ma-
terial living conditions in central Brooklyn and enhance equity across the
domains of education, housing, workforce development, public safety,
health, and health care. Other promising approaches include commu-
nity benefits policies, such as those recently implemented in Detroit,111

which are intended to empower long-term residents to dictate (and en-
force) the terms of public and private investments to meet the needs
of the local community. Such policies can be used to assure that current
residents do not disproportionately experience displacement, pollutants,
or adverse health effects associated with development efforts, thus favor-
ing a more equitable paradigm112 for redevelopment without gentrifi-
cation and displacement. Although local governments have access to a
wide range of existing policy tools (e.g., affordable housing trust funds,
inclusionary zoning ordinances, regional tax-base sharing) that can re-
distribute and prioritize resources for spaces and groups who have borne
the brunt of structural racism, state and federal revenue transfers to lo-
calities like Detroit are necessary to mitigate the harms of austerity and
assure greater equity in fiscal and population health.
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Appendix

Table A1.High-Risk Thresholds for Each Component Biomarker of the
AL Score

Biomarker High-Risk Threshold

Albumin <4.30 g/dL
Body mass index >35.48
Cortisol >−0.03 nmol/L/hr
CRP >9.08 mg/L
DHEA-S <65 μg/dL
DBP >90 mmHg
HDL <46 mg/dL
HbA1c >6%
Homocysteine >17.18 μmol/L
IL-6 >4.09 pg/mL
LDL >145 mg/dL
SBP >143 mmHg
Total cholesterol >229.50 mg/dL
Triglycerides >159 mg/dL

Abbreviations: CRP, C-reactive protein; DHEA-S, dehydroepiandrosterone-sulfate; DBP,
diastolic blood pressure; HDL, high-density lipid level; HbA1c, glycated hemoglobin;
IL-6, interleukin 6; LDL, low-density lipid level; SBP, systolic blood pressure; g, gram;
dL, deciliter; nmol, nanomole; L, liter; hr, hour; mg, milligram; μg, microgram; mmHg,
millimeters of mercury; μmol, micromole; pg, picogram; mL, milliliter.


