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Abstract 
Objectives: Deprived living environments contribute to greater heart failure (HF) risk among non-Hispanic Black persons, who disproportionately 
occupy disadvantaged neighborhoods. The mechanisms for these effects are not fully explicated, partially attributable to an insufficient under-
standing of the individual factors that contribute additional risk or resilience to the impact of neighborhood disadvantage on health. The objective 
of this study was, therefore, to clarify the complex pathways over which such exposures act to facilitate more targeted, effective interventions. 
Given the evidence for a mediating role of biological age and a moderating role of individual psychosocial characteristics in the neighborhood 
disadvantage–HF link, we tested a moderated mediation mechanism.
Methods: Using multilevel causal moderated mediation models, we prospectively examined whether the association of neighborhood disadvan-
tage with incident HF mediated through accelerated biological aging, captured by the GrimAge epigenetic clock, is moderated by hypothesized 
psychosocial risk (negative affect) and resilience (optimism) factors.
Results: Among a sample of 1,448 Black participants in the shared Jackson Heart Study–Atherosclerosis Risk in Communities cohort (mean age 
64.3 years), 334 adjudicated incident hospitalized HF events occurred over a median follow-up of 18 years. In models adjusted for age and sex, 
the indirect (GrimAge-mediated) effect of neighborhood disadvantage was moderated by psychosocial risk such that for every standard deviation 
increase in negative affect the hazards of HF was 1.18 (95% confidence interval = 1.05, 1.36). No moderated mediation effect was detected for 
optimism.
Discussion: Findings support the necessity for multilevel interventions simultaneously addressing neighborhood and individual psychosocial risk 
in the reduction of HF among Black persons.
Keywords: African Americans, Cardiovascular disease Health disparities, Negative affect, Optimism

Accelerated Aging and Ethnoracial Disparities 
in Heart Failure
Although life expectancy and overall health have improved in 
the United States in recent years, these gains are not equally 
distributed across populations of persons of different racial, 
ethnic, gender, and socioeconomic backgrounds (Chang et al., 
2018; Nayak et al., 2020). The contrast in morbidity and mor-
tality between demographic groups is increasingly attributed 
to the distinct social conditions in which these groups age 
(Diez Roux, 2016; Williams et al., 2019). Processes of accel-
erated physiological aging in comparison with chronologic 
age have long been described by concepts like weathering 

(Geronimus et al. 2006) and allostatic load (McEwen, 1998) 
as driven by cumulative exposure to social stressors. Such 
cumulative experiences of adversity, which often stem from 
social inequity, have likewise been shown to have lifelong 
consequences on health (Geronimus et al. 2006; McEwen, 
1998; Williams et al., 2019).

Ethnoracial disparities in chronic disease are particularly  
evident in heart failure (HF). By some estimates, non- 
Hispanic (NH) Black persons experience over double the inci-
dence of hospitalized HF events compared with NH Whites; 
among men, disparities are even more striking (Chang et al., 
2018). Challenges in efforts to mitigate this disparity include 
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both the complexity of the HF syndrome, with incompletely 
characterized physiological mechanisms, and the interdepen-
dent social and psychological factors influencing risk within 
this population (Nayak et al., 2020). Consequently, as con-
tinued disparities in age-related disease outcomes remain a 
central public health concern, there is an increased need for 
research addressing the multifaceted aging processes that 
yield unequal health outcomes over the life course.

Neighborhood Disadvantage as a Causal 
Factor
A large body of evidence has established deprived living envi-
ronments as a contributor to chronic disease risk. Whether 
operationalized in objective measures such as the widely used 
Area Deprivation Index (ADI; Kind & Buckingham, 2018), or 
subjective measures capturing the perception of disadvantage 
(Clark et al., 2013), geographically defined social spaces such 
as neighborhoods have been shown to cluster health and dis-
ease through acting as stressors and shaping health behaviors 
and access to health care (Diez Roux, 2016). The historical and 
current practices that disproportionately concentrate Black 
persons in socially and economically disadvantaged neighbor-
hoods are increasingly recognized as an important contributor 
to disproportionately high burdens of chronic diseases within 
this population (Williams et al., 2019). Still, effective meth-
ods for addressing ethnoracial disparities in HF morbidity and 
mortality are confounded by a dearth of understanding of HF 
pathophysiology in diverse populations (Nayak et al., 2020) 
as well as potential sources of within-group variation in risk 
and resilience specific to Black persons (Bey et al., 2019).

Mediation Through Accelerated Biological 
Aging
Despite what is known about the role of neighborhoods in 
influencing HF risk, the manner in which these social envi-
ronmental factors drive the physiological changes underpin-
ning the development of HF is not fully clear. With empirical 
evidence supporting neighborhood disadvantage as a chronic 
stressor, epigenetic aging processes such as those captured by 
DNA methylation (DNAm)-based measures show promise 
as potential mediators of the neighborhood disadvantage–
HF pathway (Lu et al., 2019; Roetker et al., 2018). Chronic 
stress-induced epigenetic alterations, including premature 
changes in the expression of genes modulating inflammatory 
and metabolic processes (Fiorito et al., 2017; Gomez-Alonso 
et al., 2021; Zannas et al., 2019), link DNAm to the pri-
mary cardiovascular and cardiometabolic precursors to HF: 
coronary artery disease, type 2 diabetes, and hypertension. 
Further, emerging evidence supports a direct role for DNAm 
in HF (Roetker et al., 2018), and as a mediator of the effect of 
neighborhood disadvantage on HF (Bey et al., 2022).

One such DNAm-based construct, the GrimAge epigen-
etic “clock,” is a composite of DNAm-based markers for 
seven plasma proteins and a DNAm-based estimator of self- 
reported smoking pack years. Of the validated epigenetic 
clocks, GrimAge has been demonstrated to capture a broader 
range of DNAm surrogates for mortality and morbidity bio-
markers (Levine, 2020; Lu et al., 2019). There are inherent 
limitations to any measure designed to assess a single dimen-
sion of what a strong theoretical and empirical evidence base 
is increasingly recognizing as the multidimensional process of 

aging (Sierra, 2016). Still, there is also compelling evidence 
of GrimAge’s increased utility as a predictor of both life span 
and health span (Levine, 2020; Lu et al., 2019), positioning 
the measure as a viable construct for capturing the biologi-
cal aging processes hypothesized as one mechanism linking 
neighborhood stressors to increased HF risk.

Furthermore, the emerging discipline of geroscience chal-
lenges the notion of diseases as distinct pathologies and 
instead reconceptualizes various chronic conditions as pleio-
tropic manifestations sharing a core set of biological mech-
anisms which act over the life course (Sierra, 2016). Within 
this framework, epigenetic measures of biological aging can 
be conceptualized less as traditional mediators and more as 
metrics capturing an ongoing process of cumulative biologi-
cal injury resulting from cumulative exposure to environmen-
tal stress, which aligns with other prevailing theories of aging.

Moderation by Individual Psychosocial 
Characteristics
The literature identifying psychosocial characteristics—psy-
chological phenotypes shaped by social experiences—such 
as negative affect or optimistic disposition as influential in 
cardiovascular risk and disease (Dhar & Barton, 2016; Park 
et al., 2022; Rozanski et al., 2019; Sims et al., 2017, 2019) 
point to potential sources of variation in the association of 
neighborhood disadvantage with HF. A recent meta-analysis  
found dispositional optimism, a generalized tendency to 
expect good life outcomes, to be associated with reduced risk, 
and pessimism with increased risk, of cardiovascular events 
(Rozanski et al., 2019). Building on this work, we recently 
found that optimism moderates the direct effect of objective 
(but not subjective) neighborhood disadvantage on incident 
HF among NH Black persons (Bey et al., 2023), with those 
endorsing a more optimistic outlook less likely to develop HF 
when exposed to neighborhood socioeconomic adversities.

This evidence for the role of individual psychosocial char-
acteristics in conferring risk or resilience to the impact of 
disadvantaged social conditions on HF among Black persons 
is consistent with multiple empirically supported theoretical 
frameworks. The Identity Vitality-Pathology (IVP) model 
(Bey, 2022; Bey et al., 2019), for example, posits a reduced 
likelihood of perceiving and experiencing stress associated 
with social inequity among those with a more hopeful out-
look, and, alternatively, an increased perception of stress 
among those endorsing a tendency to experience elevated 
emotional distress associated with unpleasant feelings (a neg-
ative affective disposition). This psychological modulation of 
stress appraisal and response is hypothesized as influential in 
several physiological processes associated with HF risk.

It is important to note that while often considered traits 
characteristics, psychological factors such as negative affect 
can be modifiable. Although a clear consensus does not exist, 
several prominent frameworks (e.g., Seligman, 2006) posi-
tion what are often characterized as affective traits of opti-
mism and pessimism as modifiable characteristics, that, while 
stable and indicative of one’s disposition, are influenced by 
environmental exposures shaped by structural inequity. Such 
exposures include, for example, experiences of abuse, trauma, 
neglect, deprivation, and race-based discrimination (Carter et 
al., 2020; Chen et al., 2021) that disproportionately affect 
ethnoracially minoritized populations over the life course 
(Mersky et al., 2021).
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A Moderated Mediation Approach to 
Understanding the Relationship of Cumulative 
Social Stress, Individual Psychological 
Characteristics, and Accelerated Aging in HF 
Risk
This study aimed to provide insight into the relationship 
between cumulative experiences of stressful social conditions, 
individual psychosocial characteristics, and accelerated aging 
in risk for an age-related disease prevalent among Black per-
sons. Given the evidence for a mediating role of biological 
age and a moderating role of individual psychosocial char-
acteristics in the relationship of neighborhood disadvantage 
with HF, a moderated mediation analysis (Figure 1) may cap-
ture the complex interplay of neighborhood- and individual- 
level factors influencing HF risk among Black persons. We, 
therefore, conducted a moderated mediation analysis among 
a sample of Black adults to prospectively assess whether 
hypothesized indicators of psychosocial risk (negative affect) 
and resilience (optimism) moderated the relationship between 
neighborhood disadvantage and biological aging (Figure 1, 
Path A), which, in turn, indirectly alters the risk of incident 
HF (Figure 1, Path B).

Two of our previous studies offered evidence that (a) bio-
logical age mediates the association of subjective neighbor-
hood disadvantage with incident HF (Figure 1, Paths A and 
B), and (b) that optimism but not negative affect moderates 
the effect (Figure 1, Path C) of objective neighborhood dis-
advantage on incident HF (Bey et al., 2022, 2023). These 
studies indicate potentially distinct moderating pathways 
of psychosocial risk and resilience, where optimism may be 
more likely to shape health behaviors and accessing care, 
whereas negative affect may be more likely to directly influ-
ence one’s physiological stress response to perceived neigh-
borhood disadvantage. We, therefore, hypothesized that the 
indirect (mediated) effect of subjective neighborhood disad-
vantage acting through biological age on incident HF would 
be moderated by negative affect but not optimism (Figure 1, 
moderation of Path A).

Method
Study Population
Data used for this study come from self-identified NH Black 
residents of Jackson, MS, enrolled in the Atherosclerosis Risk 
in Communities (ARIC) study and the Jackson Heart Study 
(JHS). Our analysis was based on participants dually enrolled 
in both studies so that the DNAm and outcome data available 
in ARIC could be examined in the context of the exposure 
and moderating variables available in JHS.

The ARIC study is a community-based longitudinal investi-
gation of atherosclerosis and its risk factors in four geographic 
areas: Forsyth County, NC; Jackson, MS; Minneapolis, MN; 
and Washington County, MD. From 1987 to 1989, 15,792 
mostly Black and White persons aged 45–64 years of age 
were selected using probability sampling and participated in a 
baseline examination (Wright et al., 2021). Follow-up exam-
inations occurred at discrete intervals and participants are 
contacted annually by telephone between clinic examinations 
and semiannually since 2012. Similarly, JHS is a prospective, 
community-based study of cardiovascular disease among 
Black persons in Jackson, MS. Four sampling approaches were 
used to select 5,306 adults aged 21–84 years for participa-
tion: a random sampling of adults drawn from a commercially 
available list of households with adults, volunteers recruited 
through participant referral or outreach activities, participants 
from the Jackson field center of the ARIC study, and rela-
tives of JHS participants. The baseline examination occurred 
between 2000 and 2004 and involved the collection of data on 
clinical, demographic, social, cultural, and behavioral infor-
mation through a home interview, an onsite clinical examina-
tion, and 42-hr follow-up data. Two follow-up clinical visits 
took place in 2005–2008 and 2009–2012, and study staff 
contacted participants each year via telephone for an annual 
follow-up survey. The JHS design and methods have been pre-
viously described in greater detail (Taylor et al., 2005).

Of the 5,306 Black persons enrolled in JHS at baseline 
in 2000–2004, 1,662 participants were already enrolled in 
ARIC at the Jackson, MS, site. With exclusions for an HF 
diagnosis prior to the JHS baseline (n = 139) and lack of link-
age to a 1990 census tract (n = 35), our final analytic sample 
included 1,448 participants (Supplementary Figure 1) dually 
enrolled in ARIC and JHS residing in 67 neighborhoods as 
defined by U.S. census tracts. Participants were geocoded to 
their neighborhood of residence by their home address at the 
ARIC baseline examination.

Study Variables
Exposure: neighborhood disadvantage
Our exposure to neighborhood disadvantage was operation-
alized in a measure of objective neighborhood disadvantage, 
the National ADI, and a measure of subjective neighborhood 
disadvantage, the perceived neighborhood problems (PNP) 
scale.

The ADI, used extensively in research on neighborhood 
health effects, has been previously calculated for every 
U.S. census block group (Kind & Buckingham, 2018). The 
measure includes 17 metrics for the theoretical domains of 
income, education, employment, and housing quality. For 
additional details on the construction of the ADI, see Kind 
and Buckingham (2018). Each census block group is assigned 
a rank ranging from 1 to 100, representing the least and 
most deprived neighborhoods of the United States, respec-
tively. For this study, we used data from the 1990 census and 
standardized census tract rankings by subtracting the sample 
mean and dividing by the standard deviation (SD). We also 
categorized unstandardized scores from the 67 census tracts 
spanning the ARIC–JHS catchment area into quartiles, with 
Quartile 1 including the lowest 25% and Quartile 4 the high-
est 25% ranked tracts.

The validated PNP scale (Ross & Mirowsky, 1999) is 
comprised of six survey items assessing perceptions of 

Figure 1. Hypothesized pathways linking neighborhood disadvantage to 
incident heart failure .
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neighborhood noise, traffic and speeding, access to food, shop-
ping, or parks, and the persistence of trash and litter which 
were measured in JHS at the baseline examination (2000–
2004). The measure has been shown to correlate highly with 
objective measures of neighborhood quality (Elo et al., 2009) 
but can be used to contrast the health effects of objective 
disadvantage with those which may be attributable to sub-
jective experiences of disadvantage. An examination of the 
distribution of responses in SAS 9.4 (SAS Institute, Cary, NC) 
revealed sizable skew (>1) and kurtosis (>6). Consequently, 
each item was treated as a categorical indicator in a multilevel 
confirmatory factor analysis model that computed census 
tract-level PNP. To produce valid neighborhood-level esti-
mates, we combined tracts with fewer than 10 participants 
with neighboring tracts, resulting in 32 analytic census tracts. 
Adjustments for sex and age were made at the person level 
to produce neighborhood-level measurements that accounted 
for demographic imbalances among participants sampled 
from a specific tract. The computed census tract scores were 
standardized and discretized into quartiles.

Outcome: incident hospitalized HF
The outcome of interest was adjudicated incident hospital-
ized HF. We included as incident HF any events occurring 
between January 1, 2000, and December 31, 2017. HF was 
ascertained in the ARIC study by reviewing medical records 
from local hospitals with a discharge ICD code of HF (ICD9: 
398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 
404.13, 404.91, 404.93, 415.0, 416.9, 425.4, 428.x, 518.4, 
786.0x; ICD10: J18.9, J96.01, J98.11, J21.9, T17.890A, 
E11.65, T38.0X5A, I13.0, E11.22, N18.3, I50.9, I48.0, I71.2, 
I95.1, M19.011, M25.551, I44.0, I44.4, E78.5, R42, Z91.81, 
E66.9, F32.9, Z68.29, Z79.4, Z86.73). Events occurring at 
nonlocal hospitals were identified by self-report and from 
death certificates, and the corresponding medical records 
were obtained and reviewed.

Mediator: accelerated biological aging
We operationalized biological age using the epigenetic clock, 
GrimAge (Lu et al., 2019). Methods of determining methyl-
ation status and calculation of GrimAge in ARIC have been 
previously documented (Nguyen et al., 2021). Briefly, meth-
ylation status was measured using the Illumina Infinium 
Human Methylation 450 Bead Chip array in the ARIC partic-
ipants beginning at Visit 2 (1990–1991). Methylation status 
was determined for each participant only once. We centered 
GrimAge at the census tract mean to reflect the difference in 
years between a specific individual in a census tract and the 
average across individuals in the same census tract. This ana-
lytic approach facilitated the estimation of cross-level moder-
ated mediation.

Moderators: individual psychosocial risk and resilience 
characteristics
Optimism was assessed using the validated six-item Life 
Orientation Test—Revised (Scheier et al., 1994). Consistent 
with JHS methodology, negative affect was assessed as a 
composite of cynicism, depressive symptoms, and anger 
expression. Cynicism was measured using Items 1–13 of the 
Cook–Medley Hostility scale (Barefoot et al., 1989), depres-
sive symptoms using the 20-item Center for Epidemiologic 
Studies—Depression scale, and anger expression using 
the 8-item inward and 8-item outward subscales of the 

16-item Spielberger State–Trait Anger Expression Inventory 
(Spielberger et al., 1988). We used a single-level confirmatory 
factor analysis model to compute a standardized composite 
score from the mean of each scale and subscale. All measures 
have been shown as valid and reliable (Sims et al., 2017) and 
were administered at the JHS baseline visit.

Covariates
We limited covariates in our primary analyses to chronologic 
age at baseline (continuous years) and sex (binary female, 
male). This approach was used because we conceptualize 
other standard confounders as potential mediators of the 
neighborhood—HF pathway. Models with additional sets of 
confounders are included in sensitivity analyses (described 
later) to examine potential residual confounding bias. Baseline 
age was included in all models to ensure that accelerated bio-
logical aging was not confounded with chronological aging.

Statistical Analysis
Trends in the baseline characteristics of the participants 
across quartiles of ADI and PNP were evaluated in SAS 
9.4 utilizing linear regression, Cochran–Armitage trend 
tests, and Cochran–Mantel–Haenszel trend tests. A causal 
(VanderWeele, 2011) moderated mediation (Hayes & 
Rockwood, 2020) structural equation model (Muthén & 
Asparouhov, 2015) that employed cause-specific, Cox pro-
portional hazards regression was fit in Mplus version 8.8. 
(Muthen & Muthen, 1998). The analysis examined whether 
psychosocial risk and resilience moderated the indirect (medi-
ated) effect of neighborhood disadvantage on incident HF. 
Follow-up time was measured from January 1, 2000, until 
the first documented instance of hospitalized HF, censoring 
due to a cause unrelated to HF, or administrative censoring 
on December 31, 2017. Ties were handled via a Breslow 
approximation. The assumption of linearity was evaluated by 
examining Martingale residuals and the proportional hazards 
assumption was assessed by inspecting Schoenfeld residuals. 
Neither modeling assumption was violated.

Prior to model fitting, all continuous neighborhood-level 
measures were grand-mean centered so that the value repre-
sented the degree to which a census tract differed from the 
sample mean. Continuous individual-level measures were 
centered at the census tract mean to reflect the extent to 
which an individual differed from the average in a census 
tract. Centering in this manner improved parameter estima-
tion by removing conflation between level-specific effects. 
The multilevel nature of the analysis, which integrated a  
neighborhood-level exposure with an individual-level modera-
tor, mediator, and outcome, was further accounted for by spec-
ifying a sandwich estimator that calculated robust standard 
errors. The resulting parameter estimates were transformed 
into hazard ratios (HRs) with 95% confidence intervals (95% 
CIs) of incident HF with the exception of the standardized 
coefficients (β) from Path A (Figure 1) which document associ-
ations with GrimAge estimated from a linear regression.

To account for missing data, full-information maximum 
likelihood (FIML; Allison, 2003) was employed which 
prior studies have shown to be comparable to other com-
mon missing data techniques such as multiple imputation 
(Lee & Shi, 2021). The application of FIML permitted the 
Mplus software to perform a 1,000-iteration bias-corrected 
bootstrap (Hayes & Rockwood, 2020) when calculating CIs, 
which was advantageous given that the distribution of the 
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index of moderated mediation (Hayes, 2015) used to evalu-
ate the proposed moderated mediation was not expected to 
be asymptotically normal (Williams & MacKinnon, 2008). 
The initial model estimated crude, unadjusted effects. The 
adjusted model incorporated sex and chronologic age at 
baseline as time-invariant covariates. The Johnson–Neyman 
(Johnson & Fay, 1950) technique was applied to visualize the 
covariate-adjusted moderated mediation effect of neighbor-
hood disadvantage on incident HF.

A sensitivity analysis was conducted to evaluate the robust-
ness of the results. After fitting the model that adjusted for 
chronologic age and sex, a new model was fit to the data 
that additionally adjusted for behavioral cardiovascular risk 
factors including smoking and physical activity at the base-
line. The next model accounted for baseline demographics by 
adjusting for sex, chronologic age, years of formal education 
ranging from 0 to 19, and whether the participant was living 
below the federal poverty line. A subsequent model addressed 
lifestyle factors and comorbidities by adjusting for baseline 
smoking, physical activity, binge drinking, diabetes, and the 
use of hypertension medication. The final model incorporated 
all covariates.

Results
Among the 1,448 participants in the analytic sample, the 
mean (SD) chronologic age at the baseline visit was 64.3 (5.5) 
years, 66.3% (960/1,448) were female, 14.3% (184/1,290) 
were classified as living below the federal poverty line; 27.4% 
(393/1,434) and 22.0% (316/1,434) resided in the highest 
and lowest quartiles of area deprivation, respectively; 24.5% 
(279/1,138) and 22.9% (261/1,138) resided in neighbor-
hoods with the highest and lowest PNP, respectively. A mod-
est percentage of participants, 12.8% (144/1,127), resided in 
the highest quartile of both area deprivation and PNP illus-
trating the strong correlation (r = 0.72) and the slight discrep-
ancy between objective and subjective measures. Participants 
residing in census tracts with higher levels of ADI or PNP 
were more likely to be older, female, have less years of formal 
education (Table 1), report higher levels of negative affect, 
and report lower levels of optimism. The median (interquar-
tile range) follow-up was 18.0 (6.1) years. By the time of 
administrative censoring at the end of 2017, 334 instances of 
adjudicated incident HF hospitalizations were recorded.

The unadjusted model fit the data well (McFadden’s 
R-squared > 0.7). Continuous, standardized measures of ADI 
and PNP (Tables 2 and 3) exhibited a statistically significant 
association with incident HF (Path C) but not biological aging 
(Path A). However, increased biological aging was associated 
with elevated risk of HF (Path B), and joint significance (Paths 
A and B) was observed for the indirect effect of ADI and PNP 
on incident HF in models that included negative affect as a 
moderator. A 1-SD higher level of negative affect was associ-
ated with an increase in the indirect (mediated) effect of con-
tinuous, standardized PNP on incident HF in both unadjusted 
(HR 1.06, 95% CI 1.02–1.11) and adjusted (HR 1.05, 95% 
CI 1.01–1.09) models. The effect was even more pronounced 
when comparing the highest quartile of PNP to the lowest. 
For each 1-SD higher level of negative affect, the unadjusted 
hazard was 26% higher (HR 1.26, 95% CI 1.14–1.50) and 
the adjusted hazard was 18% higher (HR 1.18, 95% CI 1.05–
1.36). A similar point estimate was observed for ADI but the 
index of moderated mediation had wider CIs, preventing a 

definitive conclusion. In contrast, there was no indication that 
optimism moderated the indirect (mediated) effect of neigh-
borhood disadvantage. Analogous but attenuated estimates 
were evident in sensitivity analyses that incorporated addi-
tional covariates (Supplementary Tables 1–4).

The nature of the hypothesized moderated mediation 
mechanism is apparent when visualized utilizing the Johnson–
Neyman technique (Figure 2). The region of significance 
in the relationship between the moderator and the indirect 
(mediated) effect of PNP begins as the negative affect exceeds 
0.17 SDs. Within the analytic sample, 38.3% of participants 
had a negative affect score above this threshold, suggesting 
that the observed mechanism operated in more than a third 
of the cohort.

Discussion
In a sample of Black adults in a southern urban city, we found 
evidence consistent with our hypothesis regarding the rela-
tionship of neighborhood disadvantage, biological aging, and 
psychosocial risk and resilience in HF incidence. Our results 
indicate that the process by which subjective neighborhood 
disadvantage, measured as PNP, acts to confer an increased 
risk of HF through advancing biological age is conditional on 
a psychosocial risk factor, dispositional negative affect, such 
that the greater an individual’s negative affect, the greater 
the indirect (mediated) effect of neighborhood disadvantage 
on the risk of HF. We did not find support for a moderat-
ing role of optimism, a psychosocial resilience factor, in this 
relationship.

In a previous study, we demonstrated that accelerated bio-
logical age mediated a majority of the effect of PNP on HF 
risk (Bey et al., 2022). We took this finding as evidence that 
the subjective perception of disadvantage may act to influ-
ence cardiovascular health by acting as a chronic stressor. 
This exposure to chronic stress has been suggested to trigger 
lasting epigenetic alterations, as those measured by DNAm-
based biological clocks such as GrimAge, that can contrib-
ute to age-related physiological decline (Palma-Gudiel et al., 
2020), aberrant inflammatory signaling, and cardiometabolic 
worsening (Fiorito et al., 2017; Gomez-Alonso et al., 2021; 
Stringhini et al., 2015), ultimately manifesting in HF risk. 
Here, we identified how the effect of perceiving neighborhood 
problems on age-related physiological decline may be con-
tingent upon an individual’s degree of dispositional negative 
affect, which aligns with a large body of evidence for a role of 
psychosocial factors in cardiovascular outcomes (Rozanski et 
al., 2019; Sims et al., 2019).

Negative affect is defined as feelings of emotional distress 
stemming from a host of unpleasant emotions including 
anxiety, sadness, fear, anger, guilt, shame, and irritation. The 
tendency to experience such a state is characterized as dispo-
sitional (or trait) negative affect (Stringer, 2013) and has been 
shown to contribute to a variety of poor health outcomes 
(Bleil et al., 2008). The IVP framework (Bey, 2022; Bey et al., 
2019) draws from a well-established evidence base, including 
evidence of underlying inflammation in depressive disorders 
(Dhar & Barton, 2016) and an association between negative 
affect and inflammation (Miyamoto et al., 2013; Slavish et 
al., 2020), in positing that this psychosocial risk factor acts on 
HF through amplifying the perception, and subsequently, the 
physiological consequences, of stress associated with poten-
tially stressful experiences. Accordingly, we found evidence 

http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbad121#supplementary-data
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that the indirect (mediated) effect of subjective neighborhood 
disadvantage, hypothesized as a chronic stressor, on HF varies 
across levels of negative affect.

We did not find evidence that optimism similarly mod-
erates the mediated effect, building on the literature which 
suggests that psychosocial risk and resilience factors oper-
ate along distinct pathways to affect health (Watson et al., 
1988). In addition to potentially increasing the likelihood of 
appraised stress associated with adverse experiences (Watson 
et al., 1988), negative affect has been shown to promote 
engagement in maladaptive coping behaviors in the context 
of stress, including cigarette smoking and excessive alcohol 

consumption (Ellis et al., 2015; Sims et al., 2017) but has 
been found to have less association with health-promoting 
behaviors. When examining differences by race, researchers 
found that dispositional negative affect predicted lower fruit 
and vegetable consumption among Whites, but was not asso-
ciated with any health behaviors among Blacks (Ellis et al., 
2015). In contrast, robust evidence suggests that higher levels 
of optimism yield greater engagement in health-promoting 
behaviors such as physical activity and fruit and vegetable 
consumption across ethnoracial groups, including studies 
also among the JHS cohort (Sims et al., 2019). Further indi-
cating distinct pathways, research has also demonstrated 

Table 1. Characteristics of the Study Population at Baseline by Quartiles: ARIC–JHS Cohort 2000–2017 (n = 1,448)

ADI N All Quartile 1 Quartile 2 Quartile 3 Quartile 4 p-Trend 

31–77 78–87 88–93 94–100

Age, mean (SD), years 1,448 64.3 (5.5) 62.4 (4.9) 63.7 (5.2) 65.1 (5.6) 65.6 (5.6) <.001

Female sex, no. (%) 1,448 960 (66.3) 197 (62.3) 226 (66.1) 257 (67.1) 273 (69.5) .05

Education, mean (SD), years 1,439 13.4 (4.5) 15.3 (4.2) 13.2 (4.0) 13.5 (4.8) 11.9 (4.4) <.001

Below federal poverty line, no. (%) 1,290 184 (14.3) 22 (7.9) 38 (12.3) 50 (14.8) 73 (20.7) <.001

Smoking history, no. (%)

  Current 1,294 197 (15.2) 27 (9.4) 60 (20.1) 46 (13.2) 62 (17.9) .008

  Former 466 (36.0) 111 (38.5) 108 (36.1) 122 (35.1) 119 (34.3)

  Never 631 (48.8) 150 (52.1) 131 (43.8) 180 (51.7) 166 (47.8)

Physical activity, mean (SD), min/week 1,308 110.9 (150.3) 130.2 (155.2) 111.2 (149.5) 109.4 (148.3) 94.8 (142) .03

Binge drinking, no. (%) 951 145 (15.2) 26 (11.8) 33 (14.0) 41 (16.9) 44 (17.9) .05

Diabetes, no. (%) 1,277 283 (22.2) 47 (16.6) 62 (20.9) 84 (24.6) 88 (25.6) .004

Hypertension medication, no. (%) 1,326 728 (54.9) 139 (47.4) 180 (58.6) 201 (56.6) 203 (56.9) .04

Negative affect, mean (SD) 930 0.0 (0.8) -0.2 (0.7) 0.0 (0.8) 0.1 (0.9) 0.1 (0.8) .003

Optimism, mean (SD) 1,208 19.0 (3.5) 19.9 (3.2) 18.9 (3.3) 18.8 (3.5) 18.5 (3.6) <.001

DNA Methylation GrimAge, mean (SD) 495 64.8 (6.5) 62.5 (6.0) 65.3 (6.9) 64.4 (6.0) 66.4 (6.5) <.001

Heart failure, no. (%) 1,448 334 (23.1) 55 (17.4) 66 (19.3) 100 (26.1) 110 (28.0) <.001

Death, no. (%) 1,448 640 (44.2) 113 (35.8) 149 (43.6) 165 (43.1) 205 (52.2) <.001

Perceived neighborhood problems −2.04 to −0.56 −0.55 to 0.00 0.01–0.55 0.56–1.4

Age, mean (SD), years 1,448 64.3 (5.5) 63.3 (5.1) 64.5 (5.4) 64.1 (5.3) 65.3 (5.8) <.001

Female sex, no. (%) 1,448 960 (66.3) 164 (62.8) 217 (71.1) 207 (70.6) 212 (76.0) .002

Education, mean (SD), years 1,439 13.4 (4.5) 14.7 (4.3) 14.9 (4.4) 12.8 (3.9) 12.1 (4.4) <.001

Below federal poverty line, no. (%) 1290 184 (14.3) 22 (9.4) 20 (7.1) 45 (17.2) 43 (17.6) <.001

Smoking history, no. (%)

  Current 1,294 197 (15.2) 33 (13.9) 25 (9.0) 55 (20.6) 29 (11.5) <.001

  Former 466 (36.0) 97 (40.8) 89 (32.1) 99 (37.1) 86 (34.0)

  Never 631 (48.8) 108 (45.4) 163 (58.8) 113 (42.3) 138 (54.5)

Physical activity, mean (SD), min/week 1,308 110.9 (150.3) 131.1 (162.0) 124 (163.3) 96 (140.4) 93 (142.5) .006

Binge drinking, no. (%) 951 145 (15.2) 27 (14.4) 16 (8.7) 28 (14.1) 30 (17.0) .25

Diabetes, no. (%) 1,277 283 (22.2) 45 (19.2) 52 (19.0) 62 (23.6) 52 (20.9) .40

Hypertension medication, no. (%) 1,326 728 (54.9) 115 (47.7) 153 (54.1) 158 (57.9) 147 (57.0) .03

Negative affect, mean (SD) 930 0.0 (0.8) −0.1 (0.8) −0.1 (0.7) 0.0 (0.8) 0.1 (0.9) .01

Optimism, mean (SD) 1,208 19.0 (3.5) 19.7 (3.5) 19.4 (3.2) 18.7 (3.4) 18.5 (3.6) <.001

DNA Methylation GrimAge, mean (SD) 495 64.8 (6.5) 63.4 (5.5) 64.3 (6.2) 64.3 (6.1) 64.4 (6.8) .63

Heart failure, no. (%) 1,448 334 (23.1) 59 (22.6) 55 (18.0) 72 (24.6) 78 (28.0) .04

Death, no. (%) 1,448 640 (44.2) 99 (37.9) 112 (36.7) 122 (41.6) 131 (47.0) .01

Notes: ADI = Area Deprivation Index; ARIC = Atherosclerosis Risk in Communities; JHS = Jackson Heart Study; SD = standard deviation. Study 
baseline defined as January 1, 2000. The Area Deprivation Index ranges from 1 to 100. Quartiles in the analytic sample ranged from 31 to 100. Perceived 
neighborhood problems were calculated from a standardized multilevel categorical confirmatory factor analysis model. Quartiles in the analytic sample 
ranged from −2.04 to 1.46. Univariate baseline differences in study variables were assessed using linear regression, Cochran–Armitage trend tests, Cochran–
Mantel–Haenszel trend tests as appropriate.
The bolded words indicate the primary exposure of interest.
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that optimism is not associated with biological aging (Kim et 
al., 2018). Our current findings lack support for optimism as 
a moderator of the pathway from subjective neighborhood 
disadvantage to HF through biological aging and builds 
on this evidence for distinct mechanistic actions of nega-
tive affect and optimism in the development of HF. Thus, 
these results point to the necessity of methods for addressing 
the adverse social experiences to which Black persons are 

disproportionately exposed that increase the risk of develop-
ing negative affective dispositions.

This analysis has many strengths. We employed creative 
use of data from two prospective, community-based cohorts 
in Jackson, MS. This analysis also used causal, multilevel 
models to capture the complex processes linking neighbor-
hood disadvantage with the development of HF outlined 
by a comprehensive theoretical framework. Additionally, 

Table 2. Moderated Mediation Analysis Examining Whether Indirect Effects via Biologic Aging of Area Deprivation Index on Incident Heart Failure Are 
Moderated by Psychosocial Risk and Resilience: ARIC–JHS Cohort 2000–2017 (N = 1,448)

 Moderator: Negative affect Moderator: Optimism

Unadjusted Adjusted Unadjusted Adjusted 

Path A β (95% CI) β (95% CI)

ADI (standardized) 0.01 (−0.17, 0.30) 0.41 (−0.04, 0.95) −0.10 (−0.78, 0.00) 0.40 (−0.32, 0.67)

Moderator (standardized) 0.55 (−0.76, 1.40) 0.37 (−0.83, 1.05) −0.89 (−2.44, −0.01) −0.20 (−1.43, 0.29)

ADI × Moderator 0.27 (−1.26, 1.64) 0.64 (−0.45, 1.91) 0.39 (−0.31, 2.92) 0.12 (−0.23, 1.81)

Path B HR (95% CI) HR (95% CI)

Biological aging (GrimAge) 1.07 (1.04, 1.10) 1.06 (1.02, 1.11) 1.06 (1.03, 1.09) 1.06 (1.00, 1.10)

Path C HR (95% CI) HR (95% CI)

ADI (standardized) 1.32 (1.15, 1.86) 1.29 (1.14, 1.79) 1.33 (1.17, 1.87) 1.29 (1.14, 1.82)

Moderated mediation HR (95% CI) HR (95% CI)

Direct effect 1.32 (1.15, 1.86) 1.29 (1.14, 1.79) 1.33 (1.17, 1.87) 1.29 (1.14, 1.82)

Indirect Effect 1.00 (0.99, 1.02) 1.03 (1.00, 1.07) 0.99 (0.96, 1.00) 1.02 (0.98, 1.05)

Index of moderated mediation 1.02 (0.93, 1.10) 1.04 (0.99, 1.15) 1.02 (0.98, 1.18) 1.01 (0.98, 1.14)

Path A β (95% CI) β (95% CI)

ADI (Q2 vs Q1) 0.06 (−8.65, 1.95) 0.87 (−2.30, 2.76) −0.03 (−1.35, 0.93) 0.96 (−1.38, 3.48)

ADI (Q3 vs Q1) 0.11 (−0.29, 3.65) 0.77 (−1.62, 2.92) −0.04 (−0.79, 0.60) 0.81 (−1.57, 1.62)

ADI (Q4 vs Q1) 0.08 (−0.19, 3.79) 1.17 (−1.07, 3.47) −0.01 (−0.31, 1.44) 1.20 (−1.03, 2.06)

Moderator (Standardized) −0.47 (−8.62, 0.00) −1.05 (−8.06, −0.24) −0.43 (−2.91, 0.83) 0.08 (−4.65, 0.60)

ADI (Q2 vs Q1) × Moderator 1.35 (−1.37, 7.73) 1.32 (−2.49, 5.98) −1.88 (−5.78, 0.51) −1.07 (−6.87, 3.28)

ADI (Q3 vs Q1) × Moderator 1.59 (−0.24, 8.02) 2.11 (−0.08, 7.28) −1.10 (−3.44, 0.86) −0.50 (−5.87, 3.57)

ADI (Q4 vs Q1) × Moderator 0.78 (−3.46, 6.32) 1.79 (−0.72, 6.33) 0.99 (-1.85, 3.01) 0.20 (−0.94, 4.69)

Path B HR (95% CI)

Biological aging (GrimAge) 1.07 (1.03, 1.10) 1.06 (1.02, 1.11) 1.07 (1.04, 1.10) 1.06 (1.02, 1.11)

Path C HR (95% CI)

ADI (Q2 vs Q1) 1.02 (0.47, 2.02) 0.98 (0.45, 1.72) 1.02 (0.53, 2.00) 0.98 (0.52, 1.73)

ADI (Q3 vs Q1) 1.36 (0.59, 2.32) 1.31 (0.58, 2.19) 1.37 (0.70, 2.37) 1.31 (0.71, 2.17)

ADI (Q4 vs Q1) 1.83 (0.83, 3.23) 1.72 (0.77, 2.98) 1.84 (0.93, 3.24) 1.72 (0.91, 2.83)

Moderated mediation HR (95% CI) HR (95% CI)

Direct effect (Q2 vs Q1) 1.02 (0.47, 2.02) 0.98 (0.45, 1.72) 1.02 (0.53, 2.00) 0.98 (0.52, 1.73)

Direct effect (Q3 vs Q1) 1.36 (0.59, 2.32) 1.31 (0.58, 2.19) 1.37 (0.70, 2.37) 1.31 (0.71, 2.17)

Direct effect (Q4 vs Q1) 1.83 (0.83, 3.23) 1.72 (0.77, 2.98) 1.84 (0.93, 3.24) 1.72 (0.91, 2.83)

Indirect effect (Q2 vs Q1) 1.00 (0.85, 1.11) 1.06 (0.90, 1.22) 1.00 (0.94, 1.06) 1.06 (0.94, 1.41)

Indirect effect (Q3 vs Q1) 1.01 (0.98, 1.24) 1.05 (0.89, 1.20) 1.00 (0.96, 1.04) 1.05 (0.93, 1.15)

Indirect effect (Q4 vs Q1) 1.01 (0.99, 1.29) 1.07 (0.94, 1.27) 1.00 (0.98, 1.09) 1.08 (0.95, 1.22)

Index of moderated mediation (Q2 vs Q1) 1.09 (0.89, 1.56) 1.09 (0.87, 1.50) 0.89 (0.64, 1.02) 0.94 (0.67, 1.19)

Index of moderated mediation (Q3 vs Q1) 1.11 (0.97, 1.60) 1.14 (0.94, 1.52) 0.93 (0.81, 1.04) 0.97 (0.71, 1.22)

Index of moderated mediation (Q4 vs Q1) 1.05 (0.81, 1.46) 1.12 (0.98, 1.52) 1.07 (0.90, 1.21) 1.01 (0.93, 1.35)

Notes: β = linear regression coefficient; ADI = Area Deprivation Index; ARIC = Atherosclerosis Risk in Communities; CI = confidence intervals; HR = 
hazard ratio; JHS = Jackson Heart Study. The exposure Area Deprivation Index is a continuous measure that ranges from 1 to 100. One standard deviation 
is equal to 14.77 with quartiles (Q) in the analytic sample ranging from 31 to 100 (Q1 = 31–77, Q2 = 78–87, Q3 = 88–93, Q4 = 94–100). The mediator 
GrimAge was computed from an epigenetic clock composite of DNAm-based markers for seven plasma proteins and self-reported smoking pack years. The 
moderator negative affect ranged from −1.71 to 4.83, and was calculated from a standardized single-level continuous confirmatory factor analysis model. 
The moderator optimism ranged from 6 to 24. One standard deviation is equal to 3.3. The outcome of adjudicated incident heart failure was determined 
from medical records. Parameter estimates generated by fitting a causal moderated mediation structural equation model. Coefficients (β) from Path A 
represent estimates from linear regression. Hazard ratios from all other paths represent estimates from cause-specific, Cox proportional hazards regression. 
Full-information maximum likelihood was employed to account for missing values. Adjusted model included sex and chronologic age at baseline.
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we took an innovative approach to investigate within-race 
variability in HF risk and resilience factors among Black 
persons. Still, some important limitations should be con-
sidered in interpreting the results of this study. Our find-
ings are not based on a nationally representative sample 
and should only be cautiously generalized beyond Black 
persons in Jackson, MS. As with most models, there is 

potential for bias from residual confounding. Consistency 
in the effect estimates across the various sets of covariate 
models included as sensitivity analyses, however, should 
assuage major concerns regarding confounding bias. While 
the DNAm data used to calculate GrimAge were collected 
prior to the baseline examination in which the PNP expo-
sure was assessed and prior to when the census data were 

Table 3. Moderated Mediation Analysis Examining Whether Indirect Effects via Biologic Aging of Perceived Neighborhood Problems on Incident Heart 
Failure Are Moderated by Psychosocial Risk and Resilience: ARIC–JHS Cohort 2000–2017 (N = 1,448)

 Moderator: Negative affect Moderator: Optimism

Unadjusted Adjusted Unadjusted Adjusted 

Path A β (95% CI) β (95% CI)

PNP (standardized) −0.08 (−0.31, −0.02) 0.30 (−0.11, 0.61) −0.02 (−0.17, 0.10) 0.36 (−0.03, 0.70)

Moderator (standardized) 0.70 (0.01, 1.35) 0.69 (0.16, 1.16) −0.72 (−1.42, 0.23) −0.11 (−0.56, 0.42)

PNP × Moderator 0.85 (0.34, 1.88) 0.77 (0.37, 1.26) 0.04 (−0.55, 1.11) −0.08 (−0.48, 0.59)

Path B HR (95% CI) HR (95% CI)

Biological aging (GrimAge) 1.07 (1.04, 1.10) 1.06 (1.02, 1.10) 1.06 (1.03, 1.09) 1.06 (1.01, 1.10)

Path C HR (95% CI) HR (95% CI)

PNP (standardized) 1.18 (1.01, 1.38) 1.16 (0.99, 1.34) 1.18 (1.00, 1.37) 1.16 (0.99, 1.34)

Moderated mediation HR (95% CI) HR (95% CI)

Direct effect 1.18 (1.01, 1.38) 1.16 (0.99, 1.34) 1.18 (1.00, 1.37) 1.16 (0.99, 1.34)

Indirect effect 1.00 (0.98, 1.00) 1.02 (1.00, 1.04) 1.00 (0.99, 1.01) 1.02 (1.00, 1.05)

Index of moderated mediation 1.06 (1.02, 1.11) 1.05 (1.01, 1.09) 1.00 (0.97, 1.07) 1.00 (0.98, 1.04)

Path A β (95% CI) β (95% CI)

PNP (Q2 vs Q1) 0.02 (−0.53, 0.34) 0.58 (−0.37, 2.27) −0.07 (−1.09, 0.20) 0.59 (−0.44, 2.28)

PNP (Q3 vs Q1) −0.17 (−0.72, 0.04) 0.77 (−0.06, 1.56) −0.12 (−0.64, 0.27) 0.87 (0.00, 1.66)

PNP (Q4 vs Q1) −0.03 (−1.06, 0.38) 1.00 (−0.18, 2.09) 0.08 (−0.59, 0.52) 1.11 (0.10, 2.39)

Moderator (standardized) −0.66 (−2.53, −0.16) −0.38 (−1.29, 0.10) −0.91 (−2.33, −0.39) 0.11 (−1.06, 0.61)

PNP (Q2 vs Q1) × Moderator 1.21 (−0.59, 4.28) 0.92 (−1.05, 2.09) −0.47 (−3.69, 1.83) −0.58 (−1.77, 1.14)

PNP (Q3 vs Q1) × Moderator 0.94 (-0.44, 2.64) 0.76 (-0.30, 1.98) 1.44 (-0.50, 3.31) 0.25 (-0.43, 1.40)

PNP (Q4 vs Q1) × Moderator 3.58 (2.08, 5.90) 2.71 (1.54, 3.93) -0.72 (-2.69, 1.29) -0.73 (-2.23, 0.83)

Path B HR (95% CI) HR (95% CI)

Biological aging (GrimAge) 1.07 (1.04, 1.10) 1.06 (1.02, 1.10) 1.06 (1.03, 1.09) 1.06 (1.01, 1.11)

Path C HR (95% CI) HR (95% CI)

PNP (Q2 vs Q1) 0.91 (0.53, 1.36) 0.89 (0.52, 1.40) 0.91 (0.53, 1.37) 0.90 (0.53, 1.42)

PNP (Q3 vs Q1) 1.12 (0.64, 1.67) 1.09 (0.62, 1.63) 1.11 (0.64, 1.64) 1.08 (0.63, 1.63)

PNP (Q4 vs Q1) 1.40 (0.76, 2.45) 1.35 (0.76, 2.22) 1.40 (0.77, 2.50) 1.34 (0.77, 2.22)

Moderated mediation HR (95% CI) HR (95% CI)

Direct effect (Q2 vs Q1) 0.91 (0.53, 1.36) 0.89 (0.52, 1.40) 0.91 (0.53, 1.37) 0.90 (0.53, 1.42)

Direct effect (Q3 vs Q1) 1.12 (0.64, 1.67) 1.09 (0.62, 1.63) 1.11 (0.64, 1.64) 1.08 (0.63, 1.63)

Direct effect (Q4 vs Q1) 1.40 (0.76, 2.45) 1.35 (0.76, 2.22) 1.40 (0.77, 2.50) 1.34 (0.77, 2.22)

Indirect effect (Q2 vs Q1) 1.00 (0.98, 1.02) 1.04 (0.99, 1.20) 1.00 (0.92, 1.01) 1.04 (0.98, 1.21)

Indirect effect (Q3 vs Q1) 0.99 (0.95, 1.00) 1.05 (1.00, 1.13) 0.99 (0.96, 1.02) 1.05 (1.00, 1.15)

Indirect effect (Q4 vs Q1) 1.00 (0.93, 1.02) 1.06 (0.99, 1.17) 1.01 (0.96, 1.03) 1.07 (1.00, 1.19)

Index of moderated mediation (Q2 vs Q1) 1.08 (0.96, 1.28) 1.06 (0.94, 1.19) 0.97 (0.77, 1.10) 0.97 (0.86, 1.05)

Index of moderated mediation (Q3 vs Q1) 1.06 (0.98, 1.21) 1.05 (0.99, 1.17) 1.09 (0.97, 1.26) 1.01 (0.97, 1.13)

Index of moderated mediation (Q4 vs Q1) 1.26 (1.14, 1.50) 1.18 (1.05, 1.36) 0.96 (0.85, 1.10) 0.96 (0.87, 1.04)

Notes: β = linear regression coefficient; ARIC = Atherosclerosis Risk in Communities; CI = confidence intervals; HR = hazard ratio; JHS = Jackson Heart 
Study; PNP = perceived neighborhood problems. The continuous exposure perceived neighborhood problems was calculated from a standardized multilevel 
categorical confirmatory factor analysis model with quartiles in the analytic sample ranging from −2.04 to 1.46 (Q1 = −2.04 to −0.56, Q2 = −0.55–0.00, 
Q3 = 0.01–0.55, Q4 = 0.56–1.4). The mediator GrimAge was computed from an epigenetic clock composite of DNAm-based markers for seven plasma 
proteins and self-reported smoking pack years. The moderator negative affect ranged from −1.71 to 4.83 and was calculated from a standardized single-
level continuous confirmatory factor analysis model. The moderator optimism ranged from 6 to 24. One standard deviation is equal to 3.3. The outcome of 
adjudicated incident heart failure was determined from medical records. Parameter estimates generated by fitting a causal moderated mediation structural 
equation model. Coefficients (β) from Path A represent estimates from linear regression. Hazard ratios from all other paths represent estimates from cause-
specific, Cox proportional hazards regression. Full-information maximum likelihood was employed to account for missing values. Adjusted model included 
sex and chronologic age at baseline.
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collected for the ADI measure, we conceptualize the effect 
of neighborhood disadvantage as a cumulative process that 
began long before the single instance it was measured in 
this study. With this conceptualization of the PNP and ADI 
exposures as indicative of chronic rather than acute stress, 
for this analysis, we assumed that level of neighborhood 
stress was consistent over time. Even considering potential 
changes to the neighborhood environment over time, the 
low level of residence transition (~14%, Wang et al., 2017) 
within our study population over the study period as well 
as studies showing that stressors tend to accumulate over 
the life course (Sternthal et al., 2011) suggests the validity 
of this assumption.

In summary, this study provides evidence for an import-
ant role of psychosocial risk—rather than resilience—in 
influencing the extent to which the perception of persistent 
neighborhood disadvantage will lead to premature aging 
and subsequent development of HF among Black persons. 
These results add to a growing body of literature supporting 
the geroscientific perspective of aging as a key target for mit-
igating chronic disease risk. The variety of factors, includ-
ing specific individual psychological predispositions and 
subjective experiences of neighborhood-level conditions, 
that influence the pace of aging demonstrate the need for 
multilevel interventions targeting both individuals and their 
contexts. Given the modifiable nature of negative affect, a 
primary contribution of this study is additional insight into 
actionable influences on the age-related chronic conditions 
that disproportionately affect ethnoracially minoritized 
populations.
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