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A B S T R A C T   

Background: The weathering hypothesis views the elevated rates of illness, disability, and mortality seen among 
Black Americans as a physiological response to the structural barriers, material hardships, and identity threats 
that comprise the Black experience. While granting that lifestyle may have some significance, the fundamental 
explanation for heath inequalities is seen as race-related stressors that accelerate biological aging. 
Objective: The present study tests the weathering hypothesis by examining the impact on accelerated aging of four 
types of adversity frequently experienced by Black Americans. Further, we investigate whether health risk be-
haviors mediate the effect of these conditions. 
Method: Our analyses utilize data from 494 middle-age, African American men and women participating in the 
Family and Community Healthy Study. The newly developed GrimAge index of accelerated aging is used as an 
indicator of weathering. Education, income, neighborhood disadvantage, and discrimination serve as the inde-
pendent variables. Three health risk behaviors - diet, exercise, and alcohol consumption - are included as po-
tential mediators of the four types of adversity. Marital status and gender are entered as controls. 
Results: Multivariate analyses indicated that the four types of adversity predicted acceleration whereas marriage 
predicted deceleration in speed of aging. Males showed greater accelerated aging than females, but there was no 
evidence that gender conditioned the effect of adversity. The health risk behaviors were unrelated to accelerated 
aging and did not mediate the effect of the stressors. 
Conclusion: Modern medicine’s emphasis on life style as the primary explanation for race-based health disparities 
ignores the way race-related adversity rooted in structural and cultural conditions serves to accelerate biological 
decline, thereby increasing risk of early onset of illness and death. Importantly, these social conditions can only 
be addressed through social policies and programs that target institutional racism and promote economic equity.   

1. Introduction 

Although age-related chronic illnesses increase exponentially after 
age 60 (Belikov, 2019), some individuals demonstrate relatively early 
onset of chronic illness whereas others stave off serious illness well into 
their 90s (Ailshire et al., 2015). In an attempt to increase healthy aging, 
medical research has largely focused on identifying causes and 

treatments for the various diseases of old age. Indeed, these have been 
the emphasis of the National Institutes of Health as each Institute con-
centrates on a particular set of diseases (cancer, diabetes, coronary heart 
disease, dementia, etc.). Increasingly, however, it has become apparent 
that to increase the span of health (i.e., delay the onset of age related 
chronic illnesses) requires that we devote more and better research to 
understanding the basic biology of aging (Kennedy et al., 2014). A few 
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years ago, the NIH Advances-in-Geroscience conference observed that: 
“The major diseases causing morbidity and mortality have one root 
cause in common – aging” (Kennedy, 2013). This reality argues for more 
research on the factors, including social factors, that accelerate or 
decelerate biological aging (Johnson and Acabchuk, 2018; Kennedy 
et al., 2014; Moffitt et al., 2016). 

It is especially important that African American samples be included 
in such investigations given both their exposure to high levels of stress 
and disadvantage and their risk for early chronic illness and mortality 
(Geronimus et al., 2016; Phelan and Link, 2015). Geronimus and her 
colleagues (Geronimus, 2001; Geronimus and Thompson, 2004; Ger-
onimus et al., 2006; Williams, 2012) use the weathering hypothesis to link 
these two phenomena. This hypothesis posits that the health inequality 
suffered by Black Americans is a consequence of institutional racism and 
the cumulative impact of life in a society where they suffer social, eco-
nomic, and political exclusion. Although health risk factors such as diet, 
exercise, and alcohol consumption are seen as having some significance, 
the fundamental explanation for heath inequalities in the U.S. is seen as 
the racial divide where Black Americans occupy a marginalized, stig-
matized, subordinate status in relation to Whites. The weathering hy-
pothesis views the elevated rates of illness, disability, and mortality seen 
among Black Americans as a physiological response to the structural 
barriers, material hardships, stereotypes, and other threats to one’s 
identity that comprise the Black experience (Geronimus and Thompson, 
2004; Geronimus et al., 2016). In other words, the stressors associated 
with living in a racially charged society give rise to accelerated aging 
which, in turn, leads to early onset of chronic illness and premature 
death. The present study tests the weathering hypothesis by examining 
the link between types of social adversity frequently experienced by 
Black Americans and accelerated aging. 

Our investigation uses the newly developed GrimAge index of 
accelerated biological aging as an indicator of weathering (Lu et al., 
2019). This index is an epigenetic measure based upon methylation 
marks at 1030 sites scattered throughout the DNA methylome. Findings 
show it to be a strong predictor of both morbidity and mortality (Lu 
et al., 2019). Indeed, recent research suggests that it is a more robust 
predictor of a wide variety of biomarkers of health and of time to death 
than other epigenetic measures of accelerated aging (Hillary et al., 2020; 
Lu et al., 2019). Using a sample of 494 middle-age Black Americans, we 
explore whether low education, limited income, neighborhood disad-
vantage, and discrimination are associated with accelerated aging, and 
the extent to which any impact of these social variables on speed of 
aging is mediated by health risk behaviors such as diet, exercise, and 
alcohol consumption. 

1.1. Accelerated biological aging as an indicator of weathering 

Geronimus and colleagues define weathering as the physiological 
wear and tear or deterioration that occurs in response to cumulative 
social and economic adversity and that then gives rise to early illness 
and death (Geronimus et al., 2006; Geronimus and Thompson, 2004). 
This deterioration, or accelerated aging, is viewed as a consequence of 
chronic stimulation of the sympathetic nervous system, the HPA axis, 
the endocrine system, and the various biological and methylation 
changes that they foster. While past research has used allostatic load 
(Geronimus et al., 2006) or inflammation (Simons et al., 2018) as in-
dicators of weathering, recently various epigenetic indices have been 
developed specifically to assess accelerated aging. 

Epigenetic regulation involves biochemical mechanisms that influ-
ence genome expression by either up regulating or down regulating 
particular genes. One of the most pervasive and well-studied of these 
mechanisms is methylation, a process that occurs when a methyl group 
attaches to a segment of deoxyribonucleic acid (DNA) at a CpG site (i.e., 
a DNA region where a cytosine nucleotide is positioned next to a guanine 
nucleotide separated by one phosphate), which causes the inhibition of 
gene expression. Since the 1960s, researchers have been aware of the 

strong association between age and DNA methylation (Koch and Wag-
ner, 2011). 

Such findings have spurred the development of various epigenetic 
indices of biological aging. These indices use blood leukocytes to assess 
the degree of methylation associated with CpG sites scattered 
throughout the human genome that correlate with age. The Hannum 
et al. index (2013) is based on 71 sites, the Horvath et al. index (2013) is 
based on 353 sites, and the Levine et al. index (2018) is based on 513 
sites. For all three of these measures the correlation between age and the 
weighted sum of methylation scores is roughly 0.80 -. 90 (Jylhava et al., 
2017). Nearly all of the markers in these indices lay within or near genes 
with known functions associated with age-related conditions, including 
Alzheimer’s disease, cancer, tissue degradation, DNA damage, and 
oxidative stress (Hannum et al., 2013; Horvath, 2013). 

Importantly, these epigenetic indices can be used as “biological 
clocks” to assess, at any point during adulthood, the extent to which an 
individual is experiencing accelerated or decelerated biological aging. 
This can be done by calculating the discrepancy between a person’s 
chronological age and the age predicted using the epigenetic index. The 
resulting difference indicates, in number of years, the extent to which an 
individual is biologically older or younger than their chronological age 
(i.e., accelerated or decelerated aging). Importantly, several studies 
have reported a modest association between these indices and both 
morbidity and mortality (Fransquet et al., 2019: Jylhava et al., 2017). 

Recently, however, a new epigenetic index has been developed using 
methylation at 1030 sites (Lu et al., 2019). In contrast to other epige-
netic measures, the GrimAge Index was formulated by identifying 
methylation signatures associated with seven plasma proteins known to 
be involved in age-related diseases plus pack years of smoking. The 
index is labeled GrimAge – after the Grim Reaper – because an acceler-
ated score is grim news (Lu et al., 2019). Like its predecessors, the re-
siduals obtained by regressing GrimAge on chronological age indicate 
the extent to which an individual is experiencing accel-
erated/decelerated aging. This instrument has been shown to be supe-
rior to other biological clocks in terms of predicting morbidity and 
mortality (Hillary et al., 2020; Lu et al., 2019). It shows, for example, 
strong associations with shorter life span, coronary heart disease, dia-
betes, and co-morbidity, four health outcomes more common among 
African Americans. Further, it should be noted that GrimAge has been 
validated with a large African American sample (Lu et al., 2019). 
Together, these various findings indicate that GrimAge is a robust in-
dicator of speed of aging. 

1.2. African Americans and exposure to social adversity 

The weathering hypothesis contends that African Americans face a 
variety of adverse conditions and circumstances that accelerate biolog-
ical aging and risk for chronic illness. These difficult challenges include, 
among other things, socioeconomic disadvantage, residing in an 
impoverished neighborhood, and exposure to personal discrimination. 

One of the more powerful predictors of early onset of chronic illness 
and mortality is socioeconomic status, particularly low income and ed-
ucation (Cockerham et al., 2017). This association holds in every 
country where data are available (Mormot, 2004, 2015). One of the 
consequences of institutional racism is that Black Americans suffer lower 
levels of education and income. Nationwide, a quarter of Black students 
attend schools that fail to offer necessary college preparatory courses (U. 
S. Department of Education, 2014). Further, the college dropout rate is 
higher for Black Americans than any other racial/ethnic group and even 
when they earn a degree, their unemployment rate is two-thirds higher 
and their salary substantially lower than that of White graduates 
(Brown, 2019). Economically, approximately 1/3 of Black families live 
near or below the poverty line, and the ratio of Black to White median 
family income has remained constant (roughly 56%) since the late 1960s 
(Manduca, 2018), although Whites generally assume that the ratio is 
roughly 80%. Differences in wealth are even more dramatic as median 

R.L. Simons et al.                                                                                                                                                                                                                               



Social Science & Medicine 282 (2021) 113169

3

wealth for White families is 10 times that of Black families (Kijakazi, 
2019). Thus, Black Americans are much more likely than other ethnic 
groups to experience chronic economic hardship (Massey, 2007). The 
weathering hypothesis would suggest that the low education and income 
that plagues many African Americans likely causes them to experience 
accelerated aging. 

In addition to low education and limited income, African Americans 
are much more likely to live in a disadvantaged neighborhood (viz., 
concentrated poverty, low education, high rates of unemployment and 
single-parent families; Sampson, 2011). More than half of all Black 
metropolitan residents live in highly segregated, disadvantaged neigh-
borhoods; indeed, no other group in the history of the U.S. has experi-
enced the degree of segregation that has been forced upon Black 
Americans (Massey, 2017; Sampson, 2011; Wilson, 1987). Blacks in the 
top quintile of the income distribution often continue to live in neigh-
borhoods with high crime and disorder (Intrator et al., 2016). Resi-
dential segregation is a consequence, in large measure, of 
institutionalized prejudice and discrimination in the real estate and 
banking industries, including practices such as profiling, redlining and 
selective marketing (Massey, 2007). The weathering hypothesis would 
suggest that the challenges and frustrations of living in a disadvantaged 
neighborhood likely accelerates biological aging. 

Finally, Black Americans often experience incidents of personal 
discrimination, ranging from subtle insults to flagrantly racist incidents 
such as harassment by police. Although most Americans think of 
themselves as “color blind”, job application studies (Pager et al., 2009; 
Gaddis, 2015) and implicit bias research (Sawyer and Gamp, 2018) 
continues to document much prejudice and discrimination. Exposure to 
such treatment might be expected to accelerate biological aging. 

Based on this literature, it seems reasonable to expect that low in-
come and education, exposure to incidents of personal discrimination, 
and living in a disadvantaged neighborhood each make a unique 
contribution to the accelerated aging of African Americans. Although 
the evidence is limited, prior research provides at least some support for 
this idea. Past studies have reported that accelerated aging is associated 
with economic hardship (Simons et al., 2016), living in a disadvantaged 
neighborhood (Lei et al., 2019), racial discrimination (Brody et al., 
2016), and cumulative stress (Zannis et al., 2015). Although all of these 
studies were based on African American samples, they used 
first-generation measures of accelerated aging (i.e., the Horvath and 
Hannum indices). Further, each of them focused on a single type of 
disadvantage without controlling for others. 

Given how recently GrimAge was developed, there has been little 
examination of the extent to which it is associated with social stressors 
and disadvantage. Using a largely white European sample, Lu et al. 
(2019) reported significant zero-order correlations between GrimAge 
and both income and education but no controls were included in their 
analyses. And, Zhao et al. (2019) found a significant effect for education 
after controlling for gender and various health behaviors, but their 
model did not include income, neighborhood disadvantage, or 
discrimination. Thus, there is a need for research that examines the 
multivariate effect of various types of disadvantage on GrimAge. 

1.3. The present study 

Using multivariate analysis and GrimAge as an indicator of acceler-
ated aging, the present study investigates the extent to which education, 
income, neighborhood disadvantage, and exposure to racial discrimi-
nation each have a unique effect on biological aging. Further, in addition 
to investigating the unique effects of each of these four measures of 
adversity, we also examine their combined effect. The four adversity 
variables are summed to form a summary index in order to assess the 
extent to which cumulative social disadvantage is associated with 
GrimAge. 

Having established associations between our measures of adversity 
and GrimAge, we investigate the extent to which these effects are 

mediated by health risk behaviors. On the one hand, it may be that one 
or more of the four adversity measures, or the index of cumulative social 
disadvantage, elevate speed of aging by increasing the probability of an 
unhealthy lifestyle. Specifically, we examine whether diet, exercise, or 
patterns of alcohol consumption are related to accelerated aging and 
mediate the effects of any of our adversity measures. Lu et al. (2019) 
reported zero-order correlations between GrimAge and both exercise 
and alcohol consumption, but they did not investigate whether these 
variables accounted for the effects of either of the SES measures in their 
data – income and education. On the other hand, Zhoa et al. (2019) 
found that alcohol consumption, but not exercise, was related to 
GrimAge. Their multivariate analysis, however, indicated that controls 
for alcohol consumption did little to reduce the effect of education, the 
only social variable included in their study. Thus, there is a need for 
further exploration of the potential mediating effects of lifestyle 
variables. 

The weathering hypothesis, as noted above, asserts that any such 
effects are likely to be small. It grants that these health risk behaviors 
may exert some effect on weathering, but avers that the primary cause of 
weathering and the poor health of Black Americans is the adverse cir-
cumstances that accrue as a result of living in a racially charged society. 
The present study evaluates this contention. 

2. Method 

2.1. Participants and procedures 

We investigated our research questions using data collected at Waves 
4 and 5 from the caregivers in the Family and Community Health Study 
(FACHS). FACHS is a longitudinal study of several hundred African 
American families that was initiated in 1997. All of the families had a 
5th grader at study inception. Using a stratified random sampling pro-
cedure, the sampling strategy was intentionally designed to generate 
families representing a range of socioeconomic statuses and neighbor-
hood settings. Details regarding recruitment are described by Gibbons 
and colleagues (2004) and Simons and colleagues (2011). At Wave 1, 
about half of the sample resided in Georgia (n = 422) and the other half 
in Iowa (n = 467). The 4th and 5th Waves of data were collected in 2005 
and 2008, respectively. Mean caregiver age at wave 5 was 48.47 years 
(SD = 9.23), 17.82% had less than a 12th grade education, and 24.8% 
were married. The majority (68.5%) lived in large urban areas, 12.2% 
lived in the suburbs, and 19.3 lived in rural areas. 

Of the caregivers interviewed at Wave 1, 77% were interviewed 
again at Wave 5. Within two weeks of the wave 5 psychosocial inter-
view, a certified phlebotomist visited the home and collected four tubes 
of blood (30 ml) from each consenting participant. Given the logistics of 
scheduling home visits by phlebotomists, only members of the sample 
still residing in Georgia or Iowa at wave 5 were identified as eligible for 
the blood draw. Roughly, 80% of these individuals agreed to provide 
blood: 377 women and 129 men. Comparisons of these caregivers with 
those who did not provide blood did not reveal any significant differ-
ences with regard to either demographic characteristics or the inde-
pendent variables (e.g., household income, education, or chronological 
age) at the initial wave of the FACHS study. The only exception was diet. 
Caregivers who gave blood had a slightly poorer diet than those who did 
not. After missing data were handled by multiple imputation (Sidi and 
Harel, 2018), complete data were available for 506 respondents (129 
men and 377 women). Rates of missing data ranged from 1.19% for 
neighborhood disadvantage to 2.17% for binge drinking. 

The phlebotomist drew four tubes of blood (30 ml) from each 
participant; these were shipped on the same day to a laboratory for 
preparation. Upon receipt, the blood tubes were inspected to ensure 
anticoagulation and aliquots of blood were diluted 1:1 with phosphate 
buffered saline (pH 8.0). Mononuclear cell pellets were separated from 
the diluted blood specimen using a centrifuge with ficoll (400 g, 30 
min). The mononuclear cell layer was removed from the tube using a 
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transfer pipette, re-suspended in a phosphate buffered saline solution, 
and briefly centrifuged again. The resulting cell pellet was re-suspended 
in a 10% DMSO/RPMI solution and frozen at 8.0 Celsius until use. 

The Illumina Infinium HumanMethylationEPIC 850 BeadChip was 
used to assay genome-wide DNA methylation. Participants were 
randomly assigned to 16 sample “slides/chips” with groups of eight 
slides being bisulfite converted in a single plate, resulting in two 
“batches/plates.” A replicated sample of DNA was included in each plate 
to aid in assessment of batch variation and to ensure correct handling of 
specimens. Prior to normalization, methylation data were filtered based 
on these criteria: (a) samples containing 1% of CpG sites with detection 
p < .05 were removed, (b) sites were removed if a bead count of <3 was 
present in 5% of samples, and (c) sites with a detection p < .05 in 1% of 
samples were removed. The methylation data was then used to calculate 
a GrimAge score for each participant through a public online tool (https 
://dnamage.genetics.ucla.edu/). 

2.2. Measures 

2.2.1. Outcome variable 
Accelerated Epigenetic Aging. We assessed epigenetic aging using the 

GrimAge index (Lu et al., 2019). This index estimates an individual’s 
biological age based on methylation assessments at 1030 sites scattered 
across the human genome. In the study sample, GrimAge was correlated 
0.78 with chronological age. To transform GrimAge into an accelerated 
aging score, we regressed GrimAge on chronological age (Lu et al., 
2019). The result is that this measure of accelerated epigenetic aging is 
adjusted to correlate with chronological age at 0. A positive value on this 
variable indicates, in years, accelerated epigenetic aging, while a 
negative value indicates, in years, decelerated aging. As noted above, 
the GrimAge measure of accelerated aging has been shown to be a more 
robust predictor of morbidity and mortality than the other epigenetic 
clocks currently available (Lu et al., 2019). 

2.2.2. Predictor variables 

2.2.2.1. Education. At Wave 4, respondents were asked to report the 
number of years of education that they had completed. Responses could 
range from 1 (1st grade) to 20 (doctoral degree), although no one re-
ported completing less than 7th grade. 

2.2.2.2. Income. Respondents reported on their household income in 
the past year from all family members and all sources at Wave 4. Cat-
egorical response options ranged in roughly $5000 increments from 
0 (none), 1 (less than $10,000), 2 ($10,000 to $14,999) to 15 ($200,000 
or more). Total household income was based on the mid-point of these 
categories. Family per capita income was calculated by dividing the total 
household income by the number of family members. 

2.2.2.3. Neighborhood disadvantage. Neighborhood disadvantage was 
measured at Wave 4 using the data from the U.S. Census Bureau’s 
American Community Survey 5-Year Estimates (2006–2010), which was 
mapped onto the geocodes for our study participants’ residential ad-
dresses in 2007 (Lei et al., 2019). Following previous studies (Sampson 
et al., 1997), the scale consisted of the following items: median house-
hold income (reverse coded), the percentage unemployed, percent of 
residents below the poverty threshold, the percentage of residents with 
less than a high school degree, the percentage of female-headed 
households, and the percentage of those receiving public assistance. 
The six items were standardized and averaged. A higher score repre-
sented a more disadvantaged neighborhood. Coefficient alpha for the 
measure was 0.87. 

2.2.2.4. Racial discrimination. At Waves 4, respondents completed 13 
items from the Schedule of Racist Events (Landrine and Klonoff, 1996). 

This instrument has strong psychometric properties and has been used 
extensively in studies of African Americans (Brody et al., 2006; Burt 
et al., 2012; Simons et al., 2002). The items assess the frequency (1 =
never, 4 = several times) with which various discriminatory events have 
been experienced in the past year. The items focus, for example, on 
being the victim of racial slurs, being hassled by the police, disrespectful 
treatment by sales clerks, false accusations by authority figures, and 
exclusion from social activities because of being African American. Co-
efficient alpha for the scale was 0.934. 

2.2.2.5. Cumulative social disadvantage. The variables education 
(reverse coded), per capita income (reverse coded), disadvantaged 
neighborhood, and discrimination were standardized and summed to 
form an index of cumulative social disadvantage at Wave 4. 

2.2.3. Health risk behaviors 
We used three measures to assess health risk behaviors: regular ex-

ercise, healthy diet, and alcohol consumption. Each of these measures 
was assessed at Wave 5. Unfortunately, Wave 4 assessments for these 
variables were not available. 

Exercise. Exercise was assessed by an item that asked, “On average, 
how often do you exercise?” with responses ranging from 1 (never) to 4 
(regularly). Such single-item measures of exercise have been shown to 
perform as well as other short physical activity measures in terms of 
reliability and concurrent validity (Milton et al., 2011), including bio-
markers of physical activity such as body-mass index and psychosomatic 
symptoms (Li et al., 2000). 

Diet. Diet was assessed using a three-item scale that asked re-
spondents to report how often in the past seven days (1 = never, 4 =
regularly) that they: 1) eat fruits and vegetables)? 2) eat fatty foods like 
potato chips or ice cream? (reverse coded); and 3) eat fast food? (reverse 
coded). Scores were averaged to form a measure of healthy diet. Coef-
ficient alpha was .73. Past research indicates that such ratings show 
significant associations with more burdensome assessments of dietary 
intake and with biomarkers such as blood pressure and body mass index 
(Adjoian et al., 2016; Loftfield et al., 2015). 

Alcohol Consumption. Respondents were asked to report how often 
they had had three or more drinks (a glass of wine, a wine cooler, a 
bottle or can of beer, a shot glass of liquor or a mixed drink) in a sitting 
during the past 12 months. Responses ranged from 1 (never) to 6 (every 
day). 

2.2.4. Controls 
We control for two variables. First, consonant with the finding that 

males demonstrate earlier onset of morbidity and death, virtually all 
studies find that males show higher levels of accelerated aging than 
females (Zhao el at., 2019). We expect that this will be the case in the 
current study as well. Thus, we included a gender variable coded males 
= 1 and females = 0. Second, we control for marital status given that 
being married has been shown to be an important source of social sup-
port and may therefore that reduce speed of aging. This variable was 
coded married = 1 and not married = 0. 

2.3. Analytic approach 

Our analyses employ hierarchical regression (Muthén and Muthén, 
2015) to address our research questions. First, we regress accelerated 
aging on the four types of disadvantage, including controls for gender 
and marital status. Second, we regress accelerated aging on the health 
risk behaviors. Third, we examine a model that includes all of the study 
variables as predictors in order to test the extent to which the health risk 
behaviors reduce (mediate) the effects of the types of disadvantage and 
gender on accelerated aging. Finally, we examine the extent to which 
cumulative disadvantage (a composite measure combining education, 
income, discrimination, and neighborhood disadvantage) predicts 
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accelerated aging after controlling for health risk behaviors, gender, and 
marital status. 

Importantly, our sample included 91 married couples. As a result, the 
error terms in our regression models may not be independent, thereby 
leading to an underestimation of standard errors. To avoid this problem, 
we adjust our standard errors using regression with cluster-robust 
standard errors (Aronow et al., 2015). 

3. Results 

Descriptive statistics for the study variables are presented in Table 1. 
All of the study variables show substantial variation. For example, 18% 
had less than a high school degree but 29% had some college and 14% 
had a BA or more. Average per capita income is roughly $12,000 but the 
standard deviation is $12,500. The correlation matrix for the study 
variables is presented in Table 2. Given the focus of this paper, the most 
relevant correlations are those presented in column 1 between acceler-
ated aging and the other variables. All of the disadvantage variables 
(education, income, discrimination, and neighborhood disadvantage), 
as well as the cumulative disadvantage index, show significant associ-
ations with accelerated aging. Of the health risk behaviors, only alcohol 
consumption is related to accelerated aging. Further, consonant with the 
fact that men tend to suffer earlier onset of chronic illness and mortality, 
Table 1 shows that being male is rather strongly associated with accel-
erated aging. 

In addition to these correlations with aging, the table also reports a 
positive association between discrimination and income, in keeping 
with the argument that as Black Americans move into more prestigious 

occupational positions they are more likely to experience discriminatory 
treatment (Geronimus et al., 2016). Finally, the table shows that being 
male is associated with higher income, exercise, alcohol consumption, 
and healthy diet. 

Table 3 presents the effects of regressing GrimAge on the various 
types of disadvantage and health risk behaviors. These results were 
obtained using regression modeling with cluster-robust standard errors 
to correct for the dependence in the data created by the fact that 91 of 
the men and women in the sample were married to each other. Model 1 
only includes the four measures of disadvantage plus controls for mar-
riage and gender. Consonant with the correlation matrix, all four of the 
social disadvantage constructs are significantly related to accelerated 
aging. As would be expected, the beta coefficients for education (β =
− 17) and income (β = − 0.094) are negative whereas they are positive 
for discrimination (β = 0.111) and neighborhood disadvantage (β =
0.090). Consistent with prior research, being male is also significantly 
association with accelerated aging (β = 0.344). Surprisingly, marriage, 
which had no effect at the zero-order level, emerges as significant when 
being male is entered into the model. This suppression effect appears to 
be a consequence of the fact that in the current data set males are more 
likely to be married, as well as to experience accelerated aging. Table 2 
shows that being male is correlated 0.342 with being married. In follow 
up analyses, we found that the p-value for the regression of Grim Age on 
being married was .41 without gender in the model but 0.001 when 
gender was added. Thus, once the association between being male and 
being married is taken into account, the negative effect of marriage on 
speed of aging emerges (see Table 3). 

Model 2 regresses accelerated aging on the health risk behaviors. The 
findings indicate that alcohol consumption increases accelerated aging 
whereas diet and exercise show no effect. Model 3 includes both the 
social disadvantage constructs and the health risk behaviors, plus mar-
riage and gender as controls. Of particular interest is the extent to which 
controlling for the health risk behaviors reduces the impact of the social 
disadvantage variables and of being male or being married on acceler-
ated aging. Such findings would suggest that an unhealthy life style 
explains (mediates) the impact of social disadvantage, being married, 
and gender on accelerated aging. It was unlikely, however, that such a 
pattern would be evident given that in Model 2 only one health risk 
behavior, alcohol consumption, showed a significant association with 
aging. Model 3 shows that all four of the social disadvantage variables, 
as well as gender and marriage, continue to exert a significant effect on 
accelerated aging, with the beta coefficients being roughly the same or 
slightly larger than those obtained in Model 1, which did not include the 
health risk factors. Thus, there is no evidence of a mediating effect. 
Indeed, once the social disadvantage variables, gender, and marriage are 
considered, then alcohol consumption no longer has a significant effect 
on aging. 

Model 4 shows a similar pattern of findings when the four adversity 
measures are combined to form a cumulative index. Cumulative disad-
vantage is significantly related to GrimAge (β = 0.252), as is being male 
(β = 0.335) and marriage (β = − 0.122), while none of the health risk 
behaviors show an effect. Fig. 1 presents a graph depicting the associ-
ation between the cumulative disadvantage index and GrimAge. It 
shows that a two standard deviation increase in cumulative disadvan-
tage is associated with roughly a two-and-a-half-year acceleration in 
biological aging, whereas a two standard deviation decrease in cumu-
lative disadvantage is associated with roughly a two-and-a-half-year 
deceleration in biological aging. The latter finding is important as it 
suggests that the combination of high education, high income, living in 
an advantaged neighborhood, and few experiences of discrimination 
may serve to decelerate biological aging. 

Post hoc analyses provided no evidence that the effect of any of the 
four types of adversity on GrimAge was conditioned by gender. Further, 
it should be noted that, as indicated by the variance inflation factors 
(VIFs) presented in Table 4, multicollinearity was not a problem in the 
regression models presented in Table 2. 

Table 1 
Descriptive statistics for the study variables.  

Variables % or Mean (SD) 

Accelerated Grim aging, Mean (SD) .020 (4.730) 
Education, % 
<12th Grade 18.2% 
High school graduate or GED 39.7% 
Some college or associate degree 28.5% 
Bachelor’s degree 9.7% 
Postgraduate 4.0% 

Per capita income, Mean (SD) 12346.900 (12477.090) 
Racial discrimination, Mean (SD) 1.807 (.668) 
Neighborhood disadvantage, Mean (SD) .000 (1.000) 
Marriage, % 38.7% 
Males, % 25.5% 
Healthy diet, Mean (SD) 2.6 (.649) 

Fruits and vegetables, % 
Never 15.2% 
Only occasionally 27.5% 
Frequently 29.5% 
Regularly 27.8% 

Fatty foods, % 
Never 5.9% 
Only occasionally 47.3% 
Frequently 29.8% 
Regularly 17.0% 

Fast foods, % 
Never 10.1% 
Only occasionally 51.5% 
Frequently 29.3% 
Regularly 9.1% 

Binge drinking, Mean (SD) 1.305 (.665) 
Never, % 73.7% 
Less than 1 time a week, % 19.0% 
1 to 2 times a week, % 3.8% 
3 to 4 times a week, % 3.0% 
5 to 6 times a week, % .2% 
Every day, % .2% 

Exercise, Mean (SD) 2.471 (1.033) 
Never, % 18.4% 
Only occasionally, % 38.8% 
Frequency, % 20.4% 
Regularly, % 22.4%  
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Table 2 
Correlation matrix for the study variables (N = 506).   

1 2 3 4 5 6 7 8 9 10 

1. Accelerated GrimAge (W5) ─          
2. Education (W4) -.235** ─         
3. Per capita income (W4) -.149** .423** ─        
4. Discrimination (W4) .109* .194** .075† ─       
5. Neighborhood disadv (W4) .138** -.123** -.179** .066 ─      
6. Cumulative disadv (W4) .277** -.606** -.673** .346** .609** ─     
7. Marriage -.038 .140** .162** .082† -.008 -.101* ─    
8. Males .312** -.051 .131** .123** .007 .027 .342** ─   
9. Healthy diet (W5) -.067 .115* .061 .100* -.035 -.052 -.014 -.048 ─  
10. Alcohol consump (W5) .146** -.082† -.028 -.033 -.006 .030 -.096* .206** -.120** ─ 
11. Exercise (W5) .041 .112* .096* .140* -.017 -.039 .163** .242** .190** -.001 

Note: Point-biserial correlations are used to test the dichotomous variables marriage and males. 
†p ≤ .10; *p ≤ .05; **p ≤ .01 (two-tailed tests). 

Table 3 
Regression modeling with robust standard errors examining the effects of social adversity and health behaviors on accelerated GrimAge.   

Model 1 Model 2 Model 3 Model 4 

b β b β B β b β 

Education (W4) -.341** (.098) -.171   -.333** (.099) -.167   
Per capita income (W4) -.001* (.00001) -.094   -.001* (.00001) -.092   
Racial discrimination (W4) .789** (.294) .111   .826** (.296) .117   
Neighborhood disadvantage (W4) .646* (.307) .090   .646* (.308) .090   
Cumulative disadvantage (W4)       1.192** (.186) .252 
Marriage − 1.210** (.417) -.124   − 1.125** (.420) -.116 − 1.181** (.419) -.122 
Males 3.731** (.465) .344   3.561** (.499) .328 3.634** (.492) .335 
Healthy diet (W5)   -.442 (.335) -.061 -.222 (.307) -.030 -.237 (.303) -.033 
Alcohol Consumption (W5)   .991** (.311) .139 .371 (.289) .052 .386 (.287) .054 
Exercise (W5)   .241 (.207) .053 -.004 (.202) -.001 -.020 (.202) -.004 
Constant 2.878* (1.250)  -.726 (1.030)  2.813* (1.431)  -.293 (.966)  
R-squared .191  .027  .195  .189  

Note: Unstandardized (b) and standardized coefficients (β) shown with robust standard errors in parentheses. 
†p ≤ .10, *p ≤ .05, **p ≤ .01 (two-tailed tests); N = 506. 

Fig. 1. Graph depicting the association between the index of cumulative disadvantage and accelerated Grim aging. The solid line displays the predicted regression 
line, and the dashed lines are the 95% confidence bands for the fitted line. Predicted scores represent residual biological age after controlling for chronological age. 
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4. Discussion 

4.1. Summary of findings 

Stressful conditions and circumstances such as low education, 
limited income, living in a disadvantaged neighborhood and exposure to 
racial discrimination have been linked to increased risk for early onset of 
illness and death (Phelan et al., 2010). These findings raise questions 
regarding the mechanisms whereby these social variables get “under the 
skin” or become “biologically embedded” and foster illness and ulti-
mately death (Hertzman, 2012). One plausible mechanism is accelerated 
biological aging, as several studies have reported that epigenetic mea-
sures of biological aging, especially the most recent indices such as 
GrimAge, are robust predictors of both morbidity and mortality (Levine 
et al., 2018; Lu et al., 2019). Given the predictive power of these bio-
logical clocks, it becomes important to identify the extent to which they 
are predicted by adversity and social disadvantage. 

It is crucial that African Americans be included in such research 
given their high exposure to stressful social circumstances and their 
elevated rates of morbidity and mortality. Indeed, such studies might be 
viewed as a test of the weathering hypothesis which asserts that race- 
related adversity fosters physiological wear and tear that, in turn, con-
tributes to early illness and death (Geronimus et al., 2010). The GrimAge 
measure of accelerated aging would seem to be an excellent indicator of 
weathering. Accordingly, the present study investigated the extent to 
which four types of strain often experienced by Black Americans – low 
education, limited income, discrimination, and living in a disadvantaged 
neighborhood – are related to GrimAge. Consistent with the weathering 
hypothesis, all four of these measures of adversity, as well as an index 
combining the four, were significant predictors of GrimAge (see 
Table 3). Unexpectedly, marriage, which was included as a control 
variable, was associated with decelerated aging. This finding is conso-
nant with a large literature linking marriage to better health and mor-
tality (Thoits, 2011). The present findings suggest that marriage does 
this, at least in part, by reducing speed of aging. 

4.2. Limitations 

Our analyses provided no support for the contention that health risk 
behaviors such as diet, exercise, or alcohol consumption account for the 
effect of any of the four social adversity variables. Indeed, once the 
adversity variables were in the model none of the health risk behaviors 
were associated with accelerated aging. We speculate that the marginal 
impact of these lifestyle variables might be attributable, at least in part, 
to the well-known challenges of using short, self-report measures to 
assess them. Although there is some evidence supporting the reliability 
and validity of brief measures such as the ones used in the present study 
(Adjoian et al., 2016; Li et al., 2000; Loftfield et al., 2015), more 
comprehensive assessments of these health risk behaviors might have 
resulted in their showing an effect. 

Another limitation is that our epigenetic measure of aging, GrimAge, 
was obtained at a single point in time. Future research should assess 
biological aging and environmental conditions at multiple time-points 
so that changes in the environment can be examined in relation to 
changes in speed of aging. Such an approach would provide more 
compelling evidence for the role of the environment in accelerating or 
decelerating biological aging. 

Finally, while use of an African American sample is a strength given 
their elevated risk for accelerated aging and early onset of chronic 
illness, the findings need to be replicated with larger and more diverse 
samples. Of particular interest is the extent to which the findings hold 
for other stigmatized groups that might be expected to experience 
weathering such as Latinos, Native Americans, Muslim Americans, and 
members of the LGBTQ community. 

5. Conclusions and implications 

Limitations aside, overall, our findings provide strong support for the 
weathering perspective (Geronimus et al., 2016), as social disadvan-
tages commonly experienced by Black Americans exhibited both unique 
and combined effects on accelerated aging. These findings would seem 
to have important intervention and policy implications. Modern medi-
cine views differences in health risk behaviors as the major cause of 
chronic illness (Bodai et al., 2018; Mackenzie et al., 2020; Milani and 
Lavie, 2014). This perspective places the responsibility for reversing 
health inequalities on Black individuals themselves. The assumption is 
that Black Americans need to adopt a healthier lifestyle if they are to 
counter their increased risk for chronic illness. This view would seem to 
both exaggerate the importance of health risk behaviors as the major 
cause of racial inequalities in health and to overestimate the power or 
agency that disadvantaged Black Americans possess in bringing about 
such lifestyle changes. Even if health risk behaviors exert more of an 
effect than was found in the present study, there is strong evidence that 
structural factors such as low income and living in a disadvantaged 
community, are barriers to a healthy diet or daily exercise (Siddiq, Tiro, 
and Shuval, 2011; Walker et al., 2010; Whitaker et al., 2018). Disad-
vantaged neighborhoods are often food deserts that lack grocery stores. 
And, when such facilities do exist, the residents often lack the money to 
buy healthy food. Further, such areas often lack gyms, parks, and safe 
walking areas, making exercise a challenge. 

More importantly, however, the emphasis on heathy life style ignores 
the importance of adverse conditions common in many African Amer-
ican communities such as low education, limited income, neighborhood 
disadvantage, and pervasive racism as determinants of health. Findings 
from the present study indicate that these are important factors in 
accelerating biological aging, a major risk factor for early onset of illness 
and death. Notably, these social conditions can only be addressed 
through social policies and programs that target institutional racism and 
promote economic equity (Mackenzie et al., 2020; Massey, 2007, 2017; 
Swope and Herandez, 2019). 

Table 4 
Collinearity diagnostics of the models for accelerated GrimAge.   

Model 1 Model 2 Model 3 Model 4 

VIF Tolerance VIF Tolerance VIF Tolerance VIF Tolerance 

Education 1.31 .764   1.32 .756   
Per capita income (W4) 1.29 .777   1.29 .776   
Racial discrimination (W4) 1.07 .936   1.08 .923   
Neighborhood disadvantage 1.04 .961   1.04 .960   
Cumulative disadvantage       1.02 .984 
Marriage 1.17 .853   1.22 .823 1.20 .834 
Males 1.19 .842   1.33 .754 1.28 .783 
Healthy diet (W5)   1.05 .949 1.07 .931 1.06 .941 
Alcohol consumption (W5)   1.02 .985 1.10 .911 1.10 .913 
Exercise (W5)   1.04 .963 1.14 .880 1.12 .892 

Note: VIF = Variance inflation factors. 
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On a more positive note, findings from the present study indicate that 
increased income, educational achievement, living in an advantaged 
neighborhood, limited exposure to discrimination, and marriage may 
serve to decelerate aging. These results suggest the importance of future 
studies that investigate the extent to which social resources such as so-
cial capital, a supportive partner, or religiosity serve to decelerate aging, 
perhaps even buffering the effect of stressors such as financial pressure 
and residing in a disadvantaged neighborhood on accelerated aging. 
Past research has focused almost exclusively on the determinants of 
accelerated aging, while almost completely ignoring social factors that 
might decelerate aging. This omission is important as such findings 
might be helpful in identifying points of leverage for slowing aging and 
thereby postponing onset of chronic illness. 
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