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Abstract

Objectives: Black persons in the United States are more likely to suffer from social inequality. Chronic stress caused by
social inequality and racial discrimination results in weathering of the body that causes physiological dysregulation and
biological age being higher than chronological age (accelerated aging). Depression has been linked to both racial discrim-
ination and accelerated aging and accelerated aging has been demonstrated to be higher in Black than White persons, on
average. However, we know little about accelerated aging across the life course in Black Americans.

Methods: We used mixed-effects growth models to measure biological age acceleration, measured with cardiometabolic
markers, over a 20-year period in Black participants of the Coronary Artery Risk Development in Young Adults Study who
were aged 27-42 years at analytic baseline. We included an interaction between depressive symptoms and time to determine
whether risk of depression was associated with a faster rate of biological aging.

Results: We found that the rate of biological aging increased over a 20-year span and that those at risk for depression had
a faster rate of biological aging than those not at risk. We also found that various social factors were associated with bio-
logical age acceleration over time.

Discussion: Given the known association between perceived racial discrimination and depressive symptoms, we provide a
novel instance of the long-term effects of social inequality. Specifically, biological age acceleration, a marker of physiolog-
ical dysregulation, is associated with time among Black persons and more strongly associated among those with depressive
symptoms.

Keywords: Biological age acceleration, CARDIA, Depression symptoms, High-effort coping, Social support

In the United States those groups who suffer the most from
social inequality are racial and ethnic minorities, sexual
and gender minorities, and those of lower socioeconomic
status. Various research has demonstrated that different
measures of social inequality are linked to disparate health
outcomes among Black persons (Williams & Jackson,

2005) including discrimination (Gee, 2008), neighborhood
factors (Roux & Mair, 2010), education (Assari, 2020),
and income (Kahn & Fazio, 2005). The health profile of
Black persons in the United States clearly shows that stress
works to worsen chronic conditions (Bruce et al., 2015).
Racial health disparities indicating poorer status for Black
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populations generally begin around midlife including dis-
parities in optimal cardiovascular health (Brown et al.,
2018), self-rated health (Beck et al., 2014), measures of
cumulative health disadvantage such as allostatic load
(Geronimus et al., 2006), and accelerated health declines
(Thorpe et al., 2016). These phenomena have been repeat-
edly linked to the effects of stress from racial and economic
inequality (Beck et al., 2014; Cooper, 2001; Geronimus
et al., 2006).

The Weathering Hypothesis

Posited by Geronimus (1992), the weathering hypothesis
states that stress, resulting from social adversity, wears
the body down and ages it prematurely, resulting in dis-
eases and consequences of aging appearing earlier than one
would expect at a given chronological age. Weathering of
the body, characterized by more rapid aging, has been dem-
onstrated by using multiple measures of premature aging
and wear and tear including allostatic load (Geronimus
et al., 2006), epigenetic age (Liu et al., 2019), and biolog-
ical age (Forrester et al., 2020, 2021; Levine & Crimmins,
2014) and has shown more rapid aging and worse out-
comes for Black persons when compared to White persons.
Chronic race-related stress is detrimental due to the devel-
opment of vigilance behaviors that are thought to cause dis-
ruption of the hypothalamic-pituitary-adrenal axis (HPA
axis), which leads to increased vulnerability to physical
and mental chronic diseases such as cardiovascular disease
and depression (Carter et al., 2019; Williams & Jackson,
2005). Racism as a general stressor has been repeatedly
linked with depression, poor mental health, and psycho-
logical distress (Paradies et al., 2015). One consequence of
living in a racist society is constant race-related stress that
affects mental health, which in turn affects physiological
markers resulting in weathering through more rapid bio-
logical aging.

Depressive Symptoms and Physiological
Dysregulation

Major depressive disorder has been linked to increased ac-
celerated biological aging at the cellular level (O’Donovan
etal.,2012; Verhoeven et al., 2014; Wolkowitz et al., 2010)
via epigenetic age measured by DNA methylation (Han
et al., 2018). Both major depressive disorder and higher
depressive symptoms have been linked to increased physio-
logical dysregulation measured by allostatic load (McEwen,
2003) and inflammatory markers often used in measures
of physiological dysregulation such as C-reactive protein
(Copeland et al., 2012). Less often studied is the associa-
tion between depressive symptoms and accelerated aging
as measured by clinical biomarkers. The use of clinical
biomarkers in research on stress and health is important
because the clinical biomarkers unlike DNA methyla-
tion are proximal to the disease process. Further, multiple

biomarkers provide an overview of multiple bodily systems
rather than just the cardiovascular system, for example. We
have shown that increased depressive symptoms predict
higher biological age, and that this association is stronger
in Black populations than in White populations (Forrester
et al., 2019). Depression and physiological dysregulation
have also been linked to coping methods and social factors.
Prior research has shown that John Henryism, a form of
high-effort coping which can result in physiological risk fac-
tors such as high blood pressure, is associated with higher
levels of depression (Matthews et al., 2013). Therefore, it
is likely that depression and a physiological measure of the
effects of stress on health will be consistently worse for
those who endorse high John Henryism. Similarly, social
strain, particularly from close family and friends is detri-
mental for mental health, whereas feeling high neighbor-
hood cohesion and having social support are considered
favorable for mental health (Echeverria et al., 2008; Rook,
2015). All the aforementioned studies of depression and
physiological dysregulation have been cross-sectional and,
when focused on racial differences, comparative in nature.
These studies are informative and provide evidence for the
weathering hypothesis and the relationship between de-
pression and physiological dysregulation. We build on this
body of evidence in proposing a longitudinal study of these
relationships.

Importance of Within-Racial Group Analyses
and Longitudinal Data

There are currently no publications that empirically ex-
tend the weathering hypothesis using accelerated biological
aging longitudinally, that is, examine the rate of change in
biological aging across the lifetime in a Black sample; nor
are there any studies that further test the rate of biological
aging, measured through clinical biomarkers, as it relates
to social factors thought to affect weathering. The likely
reasons for this are twofold—(a) there are some, but few,
diverse longitudinal studies with biological data at mul-
tiple time points; and (b) comparing African Americans to
Whites is the default, though not always the best option
(Whitfield et al., 2008). The first reason requires a shift in
funding and recruitment strategies, while the second reason
requires a shift in thinking. What benefit can be obtained
by looking at weathering longitudinally in a Black sample?
The few studies that include only Black participants have
found variations in associations between contextual factors
and health within African Americans (Barber et al., 2016b;
Gebreab et al., 2012; Hickson et al., 2012; Min et al., 2017;
Ong et al., 2017; Szanton et al., 2010) with some specif-
ically looking at measures of cumulative biological risk
(Barber et al., 2016a, 2016b; Hickson et al., 2012; Ong
et al.,2017) and accelerated epigenetic aging (Simons et al.,
2020). These studies have shown variations in cross-sec-
tional associations but lack the longitudinal data to ex-
amine rate or trajectories of change.
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Longitudinal examination of biological aging can pro-
vide the ability to look at variation in patterns among
African American populations, the aim of this paper. Much
of the work around weathering and rate/pace of biological
aging has been done in White populations (Belsky et al.,
2020) and the work that has been done in Black popula-
tions has been cross-sectional and comparative.

Purpose of This Study

The purpose of this study is twofold—to create a first-of-its-
kind baseline for rate of biological aging in Black persons
that can be built upon in the future; and then to examine
the longitudinal relationship between biological aging and
depressive symptoms. Part of our understanding of this re-
lationship will come from understanding mitigating and
exacerbating factors that can be points of future interven-
tion such as high-effort coping, social support, social stress,
neighborhood cohesion, and social ties. We hypothesize
that biological age acceleration will increase over time and
that being at risk for depression will be associated with
faster accelerated aging. We further hypothesize negative
social factors (e.g., high social strain, high John Henryism,
racial discrimination) will be associated with faster acceler-
ated aging while positive social factors (e.g., social support,
neighborhood cohesion) will be associated with a slower
rate of accelerated aging.

Method
Data

The data for this study come from the Coronary Artery Risk
in Young Adults Study (CARDIA), a multicenter longitu-
dinal study of 5,115 Black or White individuals aged 18-30
in 1985-1986. Following the baseline examination at Year 0
(Y,) in 1985-1986, follow-up examinations were conducted
atY,, Y, Y,Y,,Y,,Y,,Y,,and Y, (2015-2016). Interim
phone or mail contacts to ascertain vital status and hospital-
izations were conducted yearly. At baseline, CARDIA parti-
cipants had to be free of long-term disease and disability and
were selected by random sampling after stratification so that
there would be approximately equal numbers of Black and
White persons, men and women, ages 18-24 and 25-30 and
<12 and >12 years of education at each of the four CARDIA
field centers in Birmingham, AL; Chicago, IL; Minneapolis,
MN; and Oakland, CA. All participants provided in-
formed consent and institutional review board approval
was obtained at each field center (University of Alabama
at Birmingham, Northwestern University, University of
Minnesota, and Kaiser Permanente of Northern California).

Sample

The baseline sample included 2,637 Black participants.
We excluded participants who were pregnant (n = 34) or
were missing biological or depression symptom data at Y,

(n = 891),Y,, (n = 502), and Y, (n = 362). The majority
of those missing at each time point were missing due to
overall study attrition.

Measures

Biological age/accelerated aging
Accelerated aging (AccA) was defined as the difference
between biological age (BA) and chronological age (CA;
AccA = BA - CA) so that a positive value indicates that
a person is biologically older than their chronological age
and conversely a negative value indicates that a person is bi-
ologically younger than their chronological age. Biological
age was calculated with the Klemera & Doubal Method
(KDM; Klemera & Doubal, 2006). The KDM is based on
a series of regressions of each biomarker on chronological
age in standardized units of the biomarker to establish the
association of each biomarker with chronological age. The
reasoning in this method is that biological aging represents
a divergence from what one would expect at a particular
chronological age in the general population (Klemera &
Doubal, 2006). In order to calculate biological age so that
it represents the approximate chronological age at which
a person in the general population would have the combi-
nation of biomarkers corresponding to the biological age,
we used a reference data set from National Health and
Nutrition Examination Survey (NHANES) to calculate the
biological age parameters and applied the parameters to
the CARDIA data set (Levine, 2013). We used NHANES
participants from 2007 (the first year that spirometry data
were included) through 2010 that were nonpregnant and
aged between 30 and 75 years. We ran the series of regres-
sions required by KDM and calculated the parameters and
then used the parameters along with the CARDIA partici-
pants’ chronological ages to create the final biological age.
We used 4-year weights provided by NHANES to ensure
that our results are representative of the general population.
We selected six biomarkers based on general knowledge
of their association with aging, availability in CARDIA, and
significant association with chronological age in CARDIA:
total and high-density lipoprotein (HDL) cholesterol (mg/
dl), glucose (mg/dl), body mass index, forced expiratory
volume in 1 s (FEV1/h?; liters), and mean arterial pressure
(MAP; MAP = 2 x diastolic bp + systolic bp/3; mmHg). We
used the same biomarker combination that we have used in
our other work (Forrester et al., 2021) utilizing biological
age acceleration with the exception of C-reactive protein,
because it was not available at all three time points. We
used biomarkers from the Y, , Y, , and Y, exams.
Depressive symptoms
Depressive symptoms were measured with the Center
for Epidemiological Studies—Depression (CES-D) scale
(Radloff, 1977), a 20-question scale that asks about fre-
quency of experiencing symptoms of depression (e.g., sleep
changes, weight changes, “feeling blue”). Responses range
from O (none of the time) to 3 (most or all of the time)
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for a total score range of 0-60. We dichotomized depres-
sion symptoms as “at risk for depression” (CES-D score >
16) and “not at risk for depression” (CES-D score < 16).
The cutoff of 16 has a sensitivity of 0.95 and specificity of
0.29 in the general population. We used CES-D score from
the Y, Y,,, and Y, exams.

John Henryism

The John Henryism scale, a measure of active coping at Y,
is a scale with a set of 12 statements that describe self-de-
termination. Possible responses range from “Completely
true” (1) to “Completely false” (5) with a score range of
12-60. We used a similar method to other studies including
CARDIA studies and used the median score as the cut point
for “low” versus “high.” The median score for the sample
was 50.

Racial discrimination

Racial discrimination was measured with the racial attri-
bution section of the Experiences of Discrimination Scale
(Williams et al., 1997) at Y, . The scale asks about experi-
encing discrimination due to race or skin color in seven do-
mains (i.e., school, getting a job, getting housing, at work,
at home, getting medical care, and in public). We modeled
discrimination categorically to enable discrimination-
stratified mixed modeling since we did not have discrim-
ination at Y, - Y, to include it in the mixed modeling.
The discrimination variable was defined as endorsing no
domains, less than three domains, and endorsing three or
more domains. The race subscale had good internal consist-
ency (a = 0.80).

Neighborhood environment variables

Neighborhood cobesion.—Neighborhood cohesion was
measured at Y, and was measured by asking how strongly
participants agreed or disagreed with the follow state-
ments about their neighborhood: (1) People around here
are willing to help; (2) This is a close-knit neighborhood;
(3) People in this neighborhood can be trusted; (4) People
in this neighborhood don’t generally get along with each
other; and (5) People in this neighborhood do not share the
same values. Answer values ranged from 1 (strongly agree)
to 5 (strongly disagree). Questions 1-3 were reverse-coded
so that a higher score indicated higher neighborhood cohe-
sion. All items were summed, with an overall score range of
5-25 and then modeled discretely using tertiles (Whitaker
etal., 2019).

Neighborhood resources.—Neighborhood resources was
measured at Y, and was measured by asking questions
related to physical activity resources in the participant’s
neighborhood. Yes/no questions were asked regarding the
availability of each of the following in the respondent’s
neighborhood: (1) an exercise facility; (2) a park; (3) side-
walks; (4) walking and/or bike paths; and (5) public trans-
portation. A “yes” answer was given a “1” while a “no”

answer was given a “0.” Responses were summed with
a possible score range of 1-5 and modeled in four score
categories based on the sampling distribution: 0-2, 3, 4,
and 5 (Whitaker et al., 2019).

Social variables

Social ties.—Overall number of social relationships was
measured at Y, by the mean of reported number of close
friends and close relatives (available answer categories were
0,1-2, 3-5, 6-9, or 10+). We collapsed overall mean scores
into four groups representing 0-2, 2.5, 3-5, and 6 or more
social ties. Each of the social variables was categorized
based on the sample distribution as has been done in pre-
vious CARDIA studies analyzing social variables and bio-
logical risk (Seeman et al., 2014) to allow for stratification.

Social support.—Social support was measured at Y, by
asking how much family and friends care about you, how
much can you rely upon them to help with a problem, how
much they understand the way you feel about things, and
how much you can open up to them. Available response
categories were “1—not at all,” “2—a little,” “3—some,”
and “4—a lot.” A summary score that reflected the av-
erage social support was created and then collapsed into
four categories that reflected the distribution of scores as
well as the clustering around the original four answers.
The categories were 1-1.5 (reflecting “none to less than a
little”), 1.75-2.25 (reflecting “a little”), 2.5-3 (reflecting
“some”), and 3.25 or more (reflecting “more than some to
a lot”).

Social strain.—Social strain was measured at Y, by
asking how often friends or family get on your nerves,
criticize you, let you down when you’re counting on
them, and make too many demands of you. The social
strain questions had the same response categories as the
social support questions and were modeled in the same
way.

Covariates

Sex/gender, age at Y, , and study site were included as
covariates in all models. Sex/gender was self-reported
as male or female. Age at analytic baseline (Y,
cluded in all models. Study site indicated at which center
the participant had their study baseline (Y) interviews
conducted.

was in-

Statistical Analysis

The outcome for all models was difference between bio-
logical age and chronological age (AccA). We measured
20-year change in accelerated aging using a mixed effects
growth model with time as the only predictor. The model
took the form
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AACCA,'/' = *leimei,- + Lo; +,u1,~Timel~,- + €jj

where AAccA, is change in the accelerated age measure
from baseline for individual “/” at time “7,” v, estimates
20-year change in accelerated aging for at-risk participants,
and p, and p ; are the random intercepts and slopes esti-
mated for each participant “i.” We tested if being at risk
for depression was associated with faster accelerated aging
also using a mixed effects growth model. The model in-
cluded main effects terms for follow-up time and risk for
depression, an interaction term tested differential effect of
follow-up time by risk of depression, and covariates for
sex, age at baseline, and study site and took the form

AAccAjj = v Timejj + 12 AtRisk;; + y3Time = AtRisk;;
+ xCovariates + fi0; 4p11;Time;; + €

where AAccA,, v, and p, and p,, are interpreted as above.
vy, estimates any baseline difference in accelerated aging
between those at risk for depression and those not at
risk for depression, y, estimates the difference in 20-year
change in accelerated aging between those at risk for de-
pression and those not at risk for depression, and y is a
vector of covariates. y, tested our central hypothesis that
endorsing enough symptoms to be considered “at risk”
for depression would be associated with faster accelerated
aging over time.

We were also interested in the effect of different forms of
coping and exacerbation on the relationship between being
at risk for depression and change in accelerated aging.
We were unable to include interaction terms because we
did not have the coping measures at each time point. We
completed the analysis above stratified by the levels of our
coping/exacerbation variables of interest (John Henryism,
racial discrimination, neighborhood cohesion, neighbor-
hood resources, social ties, social support, and social strain)
to determine the difference in 20-year change in accelerated
aging between those at risk for depression and those not

at risk by level of each variable. Analyses were completed
using Statal6é (StataCorp, 2019) and RStudio (RStudio
Team, 2020).

Results

Sample

Table 1 provides summary statistics of accelerated aging
and biological markers. Participants included in the sample
were 62% female and were on average 34, 44, and 54 years
of age chronologically at exams Y,, Y, , and Y, , respec-
tively. Participant’s mean biological ages were calculated as
38,51,and 60 years at exams Y, , Y, , and Y, , respectively
(Table 1). Accelerated aging increased significantly (p <.01)
on average by more than 3 years between Y, and Y, but
then significantly decreased slightly on average by 1.2 (p <
.01) years between Y, and Y,, Most biomarkers changed
as expected (got worse) with time except for HDL choles-
terol which improved over time and FEV in 1 s which im-
proved from Y, to Y, but then decreased, as would be
expected with age. All biomarker changes were significant
at the p < .001 level. The proportion of participants who
were at risk for depression decreased significantly from
Year 10 to Year 20 (p < .01) and decreased from Year 20 to
Year 30, but not significantly so (p = .857).

Rate of Biological Age Acceleration

Figure 1 shows the predicted rate of biological age
acceleration based on the growth models. Over the
20-year time span participant’s biological age acceler-
ation increased on average by 1.2 years meaning that
participants were 1.2 years old biologically than chron-
ologically on average (95% CI: 1.10, 1.14). Being at
risk for depression (CES-D score = 16) was associated
with a lower mean biological age acceleration of nearly
0.96 years (95% CI: -1.84,-0.07), when the interaction

Table 1. Summary Statistics for Accelerated Aging and Biomarkers for Black Participants: by ExaminationYear: CARDIA,

1995-2015
Year Year,, Year,,

Age (years): mean (SD) 34.3 (3.7) 44.4 (3.7) 54.4 (3.7)

Biological age: mean (SD) 37 8(5.2) 51.3(7.9) 60 1(6.6)

Accelerated aging (years): mean (SD) 4 (4.2) 6.9 (7.1) 7(5.8)

At risk for depression®: N (%) 221 (25.8) 170 (19.8) 152 (17.7)
Cholesterol (mg/dl): mean (SD) 176.7 (32.9) 183.7 (34.1) 189.1 (38.5)
High-density lipoprotein cholesterol (mg/dl) 50.8 (13.0) 54.2 (15.7) 59.3(17.9)
Glucose (mg/dl): mean (SD) 87 8 (14.8) 99.3 (26.6) 106 0(37.8)
Forced expiratory: volume/height? (liters): mean (SD) 1(0.2) 2.7 (0.6) 8(0.2)

Mean arterial pressure (mmHg): mean (SD) 86 8 (10.0) 91.1 (12.4) 92 6 (12.3)
Body mass index: mean (SD) 29.0 (6.5) 31.4(7.1) 32.3(7.2)

Notes: N = 858. CARDIA = Coronary Artery Risk in Young Adults Study; SD = standard deviation.
At risk for depression = Center for Epidemiological Studies—Depression score > 16.
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between risk for depression and time was not included.
When a term modeling the interaction between being at
risk for depression and time was added to the model,
being at risk for depression was associated with a faster
biological age acceleration of 0.05 years over time
(95% CI: 0.01, 0.10). Those at risk for depression start
out with a lower biological age acceleration than those
not at risk but between Y, and Y, the smoothest lines
representing this association cross such that those at
risk for depression have a slightly higher biological age
acceleration than those not at risk for depression by Y,
(Figure 1).

Biological Age Acceleration and Coping/
Exacerbation Factors

John Henryism

Figure 2 shows the rate of biological age acceleration by
risk of depression and level of John Henryism. Mean bio-
logical age acceleration over follow-up was similar for those
who reported high and low Tohn Henryism at baseline (Y..;

0 -

5 6 7
L I L

Accelerated Aging (Years)

4
1

T T T
10 20 30
year

—@—— Not at Risk for Depression —#—— At Risk for Depression |

Figure 1. Predicted rate of biological age acceleration by risk of depres-
sion: Coronary Artery Risk inYoung Adults Study (CARDIA), 1995-2015.

5 6 7
L L L

Accelerated Aging (Years)

4
1

T
10 20 30
Year

—#— Not at Risk, Low JH
—&— AtRisk, Low JH

——— Not at Risk, High JH
—A—— At Risk, High JH

Figure 2. Predicted rate of biological age acceleration by risk of depres-
sion and level of John Henryism score: Coronary Artery Risk in Young
Adults Study (CARDIA), 1995-2015.

0.12 years vs 0.11 years, respectively). Biological age ac-
celeration models including depression risk and depression
risk over time, stratified by level of John Henryism at base-
line, showed significantly faster biological age acceleration
over time for those at risk of depression among those who
reported high John Henryism (0.07 years, 95% CI: 0.01,
0.14) but a nonsignificant faster biological age acceleration
for those who reported low John Henryism (0.03 years,
95% CI: -0.02, 0.09; Figure 2). Baseline average age ac-
celeration by depression status followed a similar pattern
as in Figure 1.

Racial discrimination

Mean biological age acceleration over follow-up decreased
as exposure to racial discrimination increased (none:
0.14 years, 95% CI: 0.11-0.16; <3 domains: 0.11 years,
95% CI: 0.08, 0.14; >3 domains: 0.09 years, 95% CI: 0.06,
0.12). There was no significant biological age acceleration
for those at risk of depression compared to those not at
risk for depression by number of discrimination domains
endorsed.

Neighborhood cohesion

Mean biological age acceleration over follow-up was sim-
ilar by tertile of neighborhood cohesion, though it was
slightly higher among those in the lowest tertile (low:
0.14 years, 95% CI: 0.11, 1.18; middle: 0.11 years, 95%
CI: 0.08, 0.15; high: 0.10 years, 95% CI: 0.08, 0.13). There
were no significant interactions between time and depres-
sion risk by level of neighborhood cohesion. The highest
tertile of neighborhood cohesion was the only one to show
slower biological age acceleration over time for those at
risk of depression but the interaction was not significant
(=0.11 years, 95% CI: -0.36, 0.14).

Neighborhood resources

Mean biological age acceleration over follow-up did not
change by quartile of neighborhood resources (~0.11-year
increase for each quartile). Biological age acceleration was
significantly faster for those at risk of depression among
those in the lowest (0.10 years, 95% CI: 0.001, 0.21) and
highest (0.13 years, 95% CI: 0.06, 0.21) quartiles of re-
ported neighborhood resources.

Social ties

Mean biological age acceleration over follow-up decreased
slightly as number of social ties increased (Table 2). There
were no significant associations between time and depres-
sion risk based on number of social ties.

Social support

Mean biological age acceleration over follow-up decreased
as amount of social support increased such that “none to
less than a little” social support (0.15 years, 95% CI: 0.03,
0.29) had a larger increase than those with “a little” so-
cial support (0.14 years, 95% CI: 0.08, 0.19) who had a
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Table 2. Mean Biological Age Acceleration Over Follow-Up
by Exacerbation and Mitigation Factors: CARDIA, 1995-2015

Mean change in biological

N age acceleration® (95% CI)

John Henryism

Low 431 0.11 (0.09, 0.13)

High 427 0.12 (0.10, 0.15)
Racial discrimination

None 315 0.14 (0.11,0.17)

Less than three domains 231 0.11 (0.08, 0.14)

Three or more domains 304 0.09 (0.06, 0.12)
Neighborhood cohesion

Low 177 0.14 (0.11, 0.18)

Medium 274 0.11 (0.08, 0.15)

High 389 0.10 (0.08, 0.13)
Neighborhood resources

First quartile 155 0.11 (0.07, 0.15)

Second quartile 184 0.12 (0.08, 0.15)

Third quartile 252 0.11 (0.08, 0.14)

Fourth quartile 261 0.12 (0.09, 0.15)
Social ties

0-2 200 0.14 (0.10, 0.18)

2.5 173 0.11 (0.08, 0.16)

3-5 194 0.11 (0.07, 0.14)

6 or more 302 0.11 (0.08, 0.14)
Social support

None—a little 15 0.15 (0.03,0.29)

A little 96 0.14 (0.08, 0.19)

Some 128 0.13 (0.09, 0.17)

More than some—a lot 605 0.11 (0.09, 0.13)
Social strain

None—a little 225 0.10 (0.06, 0.13)

A little 432 0.11 (0.09, 0.14)

Some 119 0.12 (0.08, 0.17)

More than some—a lot 68 0.15 (0.10, 0.21)

Notes: CARDIA = Coronary Artery Risk in Young Adults Study; CI = confi-
dence interval.

“Biological age acceleration is the difference between biological age and
chronological age over follow-up.

larger increase than those with “some” support (0.13 years,
95% CI: 0.09, 0.17) who had a larger increase than those
who reported “more than some to a lot” of social sup-
port (0.11 years, 95% CI: 0.09, 0.13). The only significant
change in rate of biological age acceleration for those at
risk of depression among levels of reported social support
was among those who reported “more than some to a lot”
of social support (0.06 years, 95% CI: 0.01, 0.12).

Social strain

Mean biological age acceleration over time increased as
amount of social strain increased. Those with “none to
less than a little” social strain had mean biological age
acceleration of 0.10 years (95% CI: 0.06, 0.13) and the
mean increased with amount of social strain—*“a little”

(0.11 years, 95% CI: 0.09,0.14), “some” (0.12 years, 95 %

CI: 0.08, 0.17), “more than some to a lot” (0.15 years,
95% CI: 0.10, 0.21). The only significant change in rate
of biological change among those at risk for depression
was a faster change for those who reported “a little” so-
cial strain (0.08 years, 95% CI: 0.07, 0.003, 0.14).

Discussion

This is the first study to measure rate of biological age accel-
eration in a sample of Black persons and to test predictors
of rate of biological age acceleration. We hypothesized that
biological age acceleration would increase with time and
that being at risk for depression would be associated with
faster accelerated aging compared to not being at risk for
depression. Further, we hypothesized that those at risk for
depression who engage in high-effort coping and have high
social strain would have a faster rate of biological acceler-
ated aging than those not at risk for depression and who do
not engage in high-effort coping. We also hypothesized that
high social strain would be associated with faster biological
age acceleration while more social ties, neighborhood co-
hesion, social support, and neighborhood resources would
be associated with slower biological age acceleration. Our
results showed support for some of our hypotheses.

Our findings regarding biological age acceleration over
time are not unexpected based on previous serial cross-sec-
tional work indicating that odds of a higher allostatic load
score, a measure of physiological dysregulation, increased
by 10-year age group and was higher among Black per-
sons compared to White persons at each level (Geronimus
et al., 2006). These findings are also in line with our pre-
vious work studying cross-sectional accelerated aging in
the CARDIA cohort (Forrester et al., 2019). However, they
extend our previous work by allowing us to estimate the
rate of biological age acceleration in a Black sample and
create a “baseline” of sorts for Black biological aging. Our
and others’ prior work has shown that depression and de-
pressive symptoms appear to be associated with increased
biological age acceleration (Forrester et al., 2019, 2021).
Our analysis showed that not only are depression symp-
toms associated with an increase in biological age accel-
eration, but when interacted with time they are associated
with a faster rate of biological age acceleration. This in-
dicates that chronic depressive symptoms over time are
associated with faster rate of biological aging beyond the
increase in biological age acceleration that we see at one
point in time, lending support to the cumulative nature of
biological age acceleration. These findings are especially
important in a Black sample because extensive research
has shown an association between racial discrimination
and depression symptoms (Paradies et al., 2015; Williams,
2018). It is likely that the stress of living in a racist society
gives rise to depression symptoms. There are various mech-
anisms that have been suggested, such as excess cortisol
from dysregulation of the HPA axis which results in further
dysregulation of biological indicators of chronic disease
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such as cardiovascular and metabolic markers. Beyond the
effects of depression alone we were interested in how social
and coping factors might mitigate or exacerbate this effect.
An understanding of these factors is particularly important
for intervention work.

Our results showed that the use of high-effort coping,
termed John Henrysim, was not differentially associated
with accelerated biological aging on its own such that rate
of biological age acceleration was similar for both those
who scored high and low on the John Henryism scale.
However, when looking at rate of biological age accelera-
tion for those at risk of depression compared to those not
at risk for depression by John Henryism status, we found
that rate of biological age acceleration was significantly
faster for those at risk of depression only in the high-effort
coping group. This rate was slightly faster than the rate
for the full sample. Hudson and colleagues (2016) found
that John Henryism was associated with increased odds of
having a major depressive episode over the lifetime. Other
studies have found similar results regarding John Henryism
and depression (Matthews et al., 2013; Neighbors et al.,
2007) while others have found that among Black women
John Henryism did not negatively affect mental (Bronder
et al., 2014) or physical (McKetney & Ragland, 1996)
health. Research has shown that other maladaptive coping
strategies such as eating comfort foods and using sub-
stances can preserve mental health but harm physiological
health (Mezuk et al., 2013). Although we did not have the
ability to specifically test that hypothesis, future research
should take this into account. Our results indicate that
high-effort coping is detrimental to both mental and phys-
ical health and could be a target for future intervention.
Future interventions might consider employing stress man-
agement strategies. Our results for other mitigating and
exacerbating factors were less clear.

Social Factors

The association between the social variables and rate of
biological age acceleration were mixed. The rate of biolog-
ical age acceleration appeared to be slower among those
who reported more social support compared to those who
reported less social support. Similarly, the rate of biological
age acceleration appeared to be faster among those who re-
ported more social strain compared to those who reported
less social strain. There was no clear difference in rate of
biological age acceleration by number of social ties. Our
previous work showed that when comparing Black and
White persons, social participation, measured by number
of social groups one belongs to, was associated with sig-
nificantly less accelerated aging among Black persons
(Forrester et al., 2019). Although there has not been much
research done regarding social support and its effect on ac-
celerated biological aging, there is a large body of research
on the benefits of social relationships to health behaviors
and overall health (Howick et al., 2019) and especially in

the Black community (Krause, 2002; Tang et al., 2008).
The association between depression risk and accelerated
biological aging by social factor groups was not expected.
Lincoln and colleagues (2005) found that social support
was associated with decreased depression symptoms using
a similar social support and strain scale, but we were un-
able to find any clear relationship between social support
and strain and the rate of accelerated biological aging for
those at risk for depression compared to those not at risk
for depression. Rook (2015) demonstrated that much of
the evidence available indicates that health-related effects
of negative social interactions are more influential than
for positive social interactions and this is evident in HPA
axis function. As such, one would expect that social strain
would be associated with both depression and accelerated
biological aging. The nature of depression symptoms may
complicate the relationship because depression symptoms
could cause fewer social relationships or skew a person’s
perceptions of the ones that they have. Similarly, if we con-
sider depression symptoms to be a reaction to or at least
partially due to the strain of being a Black person in a
racist society, social relationships may be complicated by
the timing of our measurements. Because we only modeled
social relationships at Year 20 and depression symptoms
are presumably a response to a lifetime of inequality, we
may not have been able to adequately capture the effects
of social relationships and especially social relationships
that are important in Black communities. In reference to
Black communities, we modeled neighborhood cohesion
and neighborhood resources as possible mitigating factors
of the rate of biological aging and depression risk.

Neighborhood Factors

We found that rate of biological age acceleration was slightly
slower as neighborhood cohesion increased, but that there
was not much difference in rate of biological age accel-
eration by amount of neighborhood resources. Our find-
ings on neighborhood cohesion are consistent with other
studies showing that neighborhood cohesion is beneficial
to outcomes including inflammatory markers (Neergheen
et al., 2019). Although we did not find that neighborhood
resources were differentially associated with the rate of bio-
logical aging, we did find that among those with the lowest
and highest neighborhood resources rate of biological age
acceleration was faster for those at risk of depression com-
pared to those not a risk for depression. Although seem-
ingly contradictory, these results are not surprising. One
might expect persons from neighborhoods with fewer re-
sources to have a faster rate of biological aging when at
risk for depression considering that neighborhood’s char-
acteristics are associated with perceived stress in Black
communities (Henderson et al., 2016). One might be less
likely to initially think that persons from higher-resourced
neighborhoods would show a similar interaction but
the likelihood of higher-resourced neighborhoods being
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predominately White might explain this finding (Landrine
& Corral, 2009). Racial composition of neighborhoods
affects what and how many resources are available in a
neighborhood with predominately Black neighborhoods
having fewer resources. When White residents begin
moving into a neighborhood and bringing more resources
with them the result is often not positive for Black residents
(Gaskin et al., 2014). Specifically, when large numbers of
White residents move in Black residents are often displaced
or “priced-out,” a process known as gentrification (Smith
et al., 2020). Those that do stay may choose not to use
the resources available and/or may become more stressed
through increased surveillance of Black residents both by
White residents and by the police. Although an exploration
of specific neighborhood characteristics and neighborhood
racial composition is beyond the scope of this analysis, fu-
ture research would benefit from a more in-depth look to
explore this possibility.

Discrimination

We found that biological age acceleration appeared to
decrease as endorsement of discrimination domains in-
creased. Although seemingly contrary this is not an unex-
pected result. Our previous analysis (Forrester et al., 2019)
also showed that there was not a significant relationship
between reported perceived discrimination and accelerated
biological aging cross-sectionally. Although we cannot say
conclusively why, there are a few possible explanations. As
this is a measure of ever having been discriminated against
it may be that the discrimination happened a long time ago
and while they remember it, it no longer affects them as
saliently. There is also the possibility that those who report
not having experienced discrimination have not been in
the position to be discriminated against (e.g., not spending
much time in White spaces such as neighborhoods and jobs)
and have higher accelerated aging from effects of structural
racism such as segregation rather than discrimination.

Our work should be considered in light of a few lim-
itations. Although we were able to cover a 20-year span
we were only able to look at biomarker measurements at
10-year intervals as opposed to S-year or 2-year intervals,
which may have given us a more precise measurement of
rate of biological age acceleration. As we did not have re-
peated measurements for the social and neighborhood
variables, we were unable to look at how changes in these
variables affected changes in rate of biological age acceler-
ation by risk of depression. This may account for the lack
of associations. We were unable to look at specific coping
measures because CARDIA does not have a coping scale.
Although diet and exercise data are available it was beyond
the scope of this paper and should be examined in future
research. The number of hypotheses we tested may have
made our analysis susceptible to multiple comparisons and
power was low for some of the stratified analyses. Finally,
the CARDIA sample was very healthy at baseline, which

may make our results less generalizable to populations
that were less healthy earlier in the life course (18-30 years
of age).

In a first of its kind, our analysis provides a baseline
for rate of biological age acceleration in a sample of Black
persons. Our findings regarding faster biological aging for
those at risk of depression emphasize the importance of
understanding the causes of depressive symptoms in Black
populations as well as the pathways by which depression
accelerates biological aging. In the absence of eliminating
social inequality and stressors from society, we should at
least focus on helping those who suffer from the most ine-
quality find empirically tested ways to cope that will not be
detrimental to their physiological health.
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