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Abstract

Background.—The current study examined if early adversity was associated with accelerated
biological aging, and if effects were mediated by the timing of puberty.

Methods.—In early mid-life, 187 Black and 198 White (M., = 39.4, S.D.,,. = 1.2) women
reported on early abuse and age at first menstruation (menarche). Women provided saliva and
blood to assess epigenetic aging, telomere length, and C-reactive protein. Using structural equation
modeling, we created a latent variable of biological aging using epigenetic aging, telomere length,
and C-reactive protein as indicators, and a latent variable of early abuse using indicators of abuse/
threat events before age 13, physical abuse, and sexual abuse. We estimated the indirect effects of
early abuse and of race on accelerated aging through age at menarche. Race was used as a proxy
for adversity in the form of systemic racism.

Results.—There was an indirect effect of early adversity on accelerated aging through age at
menarche (6= 0.19, 95% CI 0.03-0.44), in that women who experienced more adversity were
younger at menarche, which was associated with greater accelerated aging. There was also an
indirect effect of race on accelerated aging through age at menarche (6= 0.25, 95% CI 0.04-0.52),
in that Black women were younger at menarche, which led to greater accelerated aging.
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Conclusions.—Early abuse and being Black in the USA may both induce a phenotype of
accelerated aging. Early adversity may begin to accelerate aging during childhood, in the form of
early pubertal timing.

Keywords

aging; child abuse; epigenetic clock; inflammation; puberty; telomeres

Childhood adversity has lifelong consequences in the form of poor health in adulthood and
premature mortality in that experiencing adverse events before age 18 reliably increases the
risk for nine out of 10 leading causes of death in the USA (Hughes et al., 2017; Merrick et
al., 2019). Health is consistently worse for Black Americans compared to White Americans,
including higher rates of the leading causes of death in the USA (Adler & Rehkopf, 2008;
Williams, 2012). Higher levels of early life adversity may help to explain health disparities
between Black and White Americans (Slopen et al., 2016). To reduce health disparities, we
need to understand the mechanisms that underlie the relationship between early adversity
and health outcomes.

Early adversity has been associated with accelerated biological aging (i.e. older than
chronological age) as indexed by epigenetic clocks, which are reliable predictors of disease
and mortality (Field et al., 2018; Horvath & Raj, 2018). Previous studies have found
childhood trauma predicts accelerated epigenetic aging for children and adults (Hamlat

et al., 2021; Sumner, Colich, Uddin, Armstrong, & McLaughlin, 2019; Wolf et al., 2018;
Zannas et al., 2015). Moreover, early adversity has been associated with other indices of
cell aging that predict disease and mortality, including shorter telomere length (TL; Li, He,
Wang, Tang, & Chen, 2017) and elevated C-reactive protein (CRP; Baumeister, Akhtar,
Ciufolini, Pariante, & Mondelli, 2016). Childhood adversity predicts shorter TL (Ridout
et al., 2018); in turn, shorter TL predicts the earlier onset of diseases of aging, such as
cardiovascular disease (CVD; D’Mello et al., 2015; Haycock et al., 2014; Willeit et al.,
2014). CRP, an index of systemic inflammation which increases with age and thought to
be a mechanism of aging-related disease (Kaptoge et al., 2010), has been associated with
childhood trauma in meta-analysis (Baumeister et al., 2016).

Early pubertal timing as accelerated aging

In a risky environment, pubertal maturation may accelerate to increase opportunities to
reproduce before the individual dies or becomes compromised, potentially at the expense of
investments in adult health and longevity (Belsky, Steinberg, & Draper, 1991; Ellis, 2004).
Early adversity may recalibrate the hypothalamo-pituitary-adrenocortical (HPA) axis, which
influences sexual development directly and affects the hypothalamic-pituitary-gonadal axis.
Adversity may attenuate HPA-axis function, which results in the earlier onset of adrenal and
gonadal hormones and has predicted earlier pubertal development in girls (Saxbe, Negriff,
Susman, & Trickett, 2015).

Early pubertal timing has been associated with higher morbidity and earlier mortality
(Charalampopoulos, McLoughlin, Elks, & Ong, 2014) and with accelerated biological
aging as indexed by epigenetic clocks (Binder et al., 2018; Hamlat et al., 2021; Simpkin
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etal., 2017; Sumner et al., 2019) and TL (Koss et al., 2020). In meta-analysis, early
adversity was associated with early pubertal timing as well as accelerated cellular aging,
as indexed by both epigenetic age and TL (Colich, Rosen, Williams, & McLaughlin,
2020). The possibility that there is an indirect effect of early adversity on health through
pubertal timing has rarely been empirically examined. In one study of 73 girls, maternal
depression in infancy predicted higher basal cortisol, which predicted accelerated pubertal
(adrenarcheal) development, which resulted in health problems at age 18 (Belsky, Ruttle,
Boyce, Armstrong, & Essex, 2015). The recalibration of the HPA-axis may also speed up the
pace of development (Colich & McLaughlin, 2022), which would result in earlier pubertal
timing and faster aging of physiological systems, more generally, which would be captured
in assessments of biological aging.

Multiple biomarkers as an index of biological aging

While a growing number of studies have examined how specific biomarkers may predict
health outcomes, few studies have combined biomarkers. Epigenetic aging, TL, and CRP are
usually studied independently from one another; however, integrating multiple markers of
biological aging may allow for a more complete profile of multisystem-level aging (Liu et
al., 2019). Different indices of biological aging are likely to have reciprocal effects on one
another regulated by feedback loops (Gassen, Chrousos, Binder, & Zannas, 2017). Given
their associations with ELA and interrelationships with one another, epigenetic aging, TL,
and elevated CRP may be aggregated and operationalized as a phenotype of biological
aging. Each biomarker may represent distinct pathways of aging (Belsky et al., 2018); their
shared variance allows them to be used as indicators of a latent variable.

The current study examines if there is an indirect effect of adversity on such an aggregate
composite of accelerated biological aging through pubertal timing. Using structural equation
modeling, we created a latent variable of biological aging using epigenetic aging, TL, and
CRP as indicators. Structural equation modeling (SEM)s partition variance unique to each
indicator into separate residual variance estimates, purifying the structural path coefficients
of measurement error, which is partitioned into the indicator-specific residual variances
(Kline, 2011).

Race differences in aging biomarkers

Race differences in health outcomes are largely due to social determinants and to systemic
racism, which is a fundamental cause of racial inequities in health (Churchwell et al., 2020;
Paradies et al., 2015; Phelan & Link, 2015; Williams & Rucker, 2000; Williams, Lawrence,
& Davis, 2019). Systemic racism and related factors that contribute to health disparities
between Black and White Americans may engender a phenotype or profile of accelerated
aging (Hooten, Pacheco, Smith, & Evans, 2022). In one study, by age 30, Black women had
a higher allostatic load (i.e. physiological wear on bodily systems due to adaptation to stress;
McEwen, 1998) than Black men and White Americans of the same age (Geronimus, Hicken,
Keene, & Bound, 2006). Although there is variance across studies, evidence supports Black
Americans have longer TL than White Americans (Hunt et al., 2008; Needham et al., 2019),
and that the rate of TL shortening for Blacks may be more rapid than for Whites across time
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(Rewak et al., 2014). In some studies, by ages 49-55, Black women have shorter TL than
White women (Geronimus et al., 2010). Black adults have larger prospective increases in
CRP over time than White adults (Zahodne, Kraal, Zaheed, Farris, & Sol, 2019) and Black
women have higher CRP levels than Black men and White adults (Khera et al., 2005).

There is inconsistent evidence over whether Black Americans have accelerated, decelerated,
or equivalent epigenetic aging as compared to White Americans; however, among
postmenopausal women, Black women showed accelerated epigenetic aging in comparison
to White women (Hamlat et al., 2022; Horvath et al., 2016; Liu et al., 2019). In addition

to differences in aging biomarkers during adulthood, Black girls experience puberty

at significantly younger ages than White girls (Bleil, Booth-LaForce, & Benner, 2017;
Freedman et al., 2002), and so demonstrate accelerated aging as indexed by pubertal timing.
The current study examined the indirect effect of race (used as a proxy for adversity in the
form of systemic racism, which was not directly measured) on accelerated aging through
pubertal timing.

The current study

The aims of the current study were to establish there if there was an indirect effect of

early adversity on accelerated aging through pubertal timing. The current study makes use
of a well-established and well-characterized longitudinal cohort from the National Heart,
Lung, and Blood Institute Growth and Health Study (NGHS; Morrison, 1992) that followed
young Black and White girls annually for over a decade starting at ages 9-10. As meta-
analysis has concluded that specifically adversity characterized as abuse/threat in early life
is related to earlier pubertal development (Colich et al., 2020; Sumner et al., 2019), we
operationalized childhood adversity as abuse/threat. We also examined the indirect effect of
race on accelerated aging through pubertal timing. To operationalize both early adversity and
accelerated aging, we created two latent variables for the respective constructs using SEM.
We used three indicators of abuse/threat to construct a latent variable of early life adversity
(general abuse/threat before age 13, sexual abuse, and physical abuse). To operationalize
accelerated aging, we created a latent variable using the indicators of epigenetic aging, TL,
and CRP.

Methods and materials

Participants and procedure

The National Heart, Lung, and Blood Institute Growth and Health Study (NGHS) (1992)
assessed Black and White girls annually for 10 years and re-recruited them as adults in early
middle age. The initial aims were to track cardiovascular risk factors and other health-related
variables annually from childhood through young adulthood in self-identified Black and
White girls from Richmond (CA, USA), Cincinnati (OH, USA), and Washington (D.C,
USA). In 1987-1988, the NGHS Contra Costa County cohort (887 girls) was recruited at
ages 9 and 10 from public and parochial schools in the Richmond Unified School District
area. Retention across the 10-year study period was 89%. More details about the initial study
sample are available (NGHS, 1992).
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In 2016, a follow-up study of the NGHS Contra Costa County cohort was initiated to assess
health and well-being in midlife. Over 73% of eligible women (307 Black and 317 White)
were enrolled in the follow-up study. Eligibility criteria for the follow-up study included:
(1) being an original NGHS participant; (2) not pregnant at the time of recruitment, and had
not experienced a pregnancy, miscarriage, or abortion within the last 3 months; and (3) not
living abroad, nor incarcerated or otherwise institutionalized. Multiple recruitment strategies
were used to re-recruit original NGHS participants from the Richmond site, including
mailing and telephone follow-up, social media and electronic outreach, and door-to-door
outreach. Eligible participants provided written informed consent and participated in (1)

a baseline survey and (2) a home/clinic visit, including blood and saliva collection for
biomarker assessment. This study was approved by the local Institutional Review Board.

The sample for the current study consisted of 385 participants (187 Black, 198 White,
M, =394, SD., = 1.2), who provided blood or saliva samples as part of the follow-up

study. The 498 girls who were part of the original NGHS study, but who were not part of
the current study, did not significantly differ in race, (1. 883) = 2.39, p=0.12, childhood

income, x*(1, 837) = 0.03, p= 0.87, or age at menarche, £833) = 0.37, p=0.71, from the 385
women of the current study.

Early life adversity

Early adversity was measured via a latent construct combining three measures (general
abuse, sexual, and physical abuse) as described below. Creating a latent variable of adversity
minimizes measurement error and allowed us to focus on the variance shared between the
two measures.

General threat/abuse.—The Stress and Adversity Inventory (STRAIN, Slavich &
Shields, 2018) was used to retrospectively measure the number of abuse/threat events before
age 13. The STRAIN reliably assesses a person’s cumulative exposure to stress over the life
course by systematically inquiring about a diverse array of acute life events and chronic
difficulties. The STRAIN is widely used for the assessment of both retrospective and
prospective life events. Cumulative stress exposure assessed with the STRAIN has been
linked to poor metabolic health and mental health in young adulthood (Toussaint, Shields,
Dorn, & Slavich, 2016). The general abuse/threat variable included stressors involving
emotional abuse, sexual abuse, physical abuse, and prolonged harsh parental discipline.
Respondents were also asked at what age the stressor occurred. The abuse/threat variable
represented the total events that occurred during the ages of 012 years old.

Physical abuse and sexual abuse.—Adapted from Felitti et al., (1998), participants
were asked if they had experienced physical abuse or sexual abuse. The physical abuse and
sexual abuse variables represented if abuse before age 18 was endorsed.

Pubertal timing

Menarche.—During the initial NGHS study, each year from baseline (ages 9/10) for 10
years, participants self-reported age at menarche. When there were multiple reports of age at
menarche, the average of all reports was used.
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Accelerated aging

Epigenetic age acceleration (GrimAge).—DNA methylation analyses with saliva
samples were performed at the Semel Institute UCLA Neurosciences Genomics Core
(UNGC) using the Illumina Infinium HumanMethylation450 BeadChip (Illumina, Inc.).
Genomic DNA was isolated using temperature denaturation and subjected to bisulfite
conversion, PCR amplification, and DNA sequencing (EZ DNA Methylation-Gold Kit,
Zymo Research, Tustin, California, USA). Methylation profiles were input to Horvath’s
online calculator https://dnamage.genetics.ucla.edu/, which automatically imputes any
missing CpGs. After selection of the advanced analysis option and normalization based
on the BMIQ method (Teschendorff et al., 2013), the output files contain the estimated
epigenetic age of each participant and measures of predictive accuracy and data quality (e.g.
for identifying array outliers, ‘corSample VVSgoldstandard’). Before data analysis began,
participants (/7= 26) were excluded due to quality control issues.

DNAmM GrimAgeJrl is based on 1030 unique CpGs that robustly predict mortality as well

as age-related conditions such as CVD (Li et al., 2020; Lu et al., 2019). We used the

recent optimized version of GrimAge which uses new DNAm estimators of plasma proteins:
high sensitivity CRP and hemoglobin A1C (Lu et al., 2019). ‘AgeAccelerationResidual’,
the residual resulting from a linear model where DNAmM age is regressed on chronological
age, was the outcome variable. Positive residual values reflected an individual being older
biologically than chronological age and negative residual values reflected the reverse.

Telomere length measurement.—Genomic DNA was extracted from 500 u1 of saliva
collected in the Oragene DNA kit (cat# OG-500, DNA Genotek Inc. Kanata, Ontario,
Canada) with the DNA Agencourt DNAdvance kit (cat# A48705, Beckman Coulter
Genomics Inc. Brea CA). DNA was stored at —80 °C and TL assays were performed
between May and June of 2020. DNA was quantified by measuring OD260 with a
NanoDrop 2000c Spectrophotometer (Nanodrop Products, Wilmington, DE, USA) and ran
on 0.8% agarose gels to check DNA integrity. Samples that passed the quality control of
0OD260/0D280 between 1.7 and 2.0, concentration greater than 10 ng/ul and no degradation
were used for TL measurement. Five samples had concentration lower than 10 ng/ul and
nine samples were degraded.

The TL measurement assay was adapted from the published original method by Cawthon
(Cawthon, 2002; Lin et al., 2010). After applying Dixon’s Qtest to remove outliners, the
average concentrations of T and S from the triplicate wells were used to calculate the T/S
ratios. T/S ratio for each sample was measured twice. When the duplicate T/S value and

the initial value varied by more than 7%, the sample was run the third time and the two
closest values were reported. 26% samples were run a third time. The coefficient of variation
for this study was 2.2 = 1.6%. The PCR efficiencies for the T and S reactions were 92.9 +

TThe notes appear after the main text.

We a priori selected DNA GrimAge over other clocks at the time of study conception for several reasons. DNAm GrimAge has a
strong association with age at menopause (Lu et al., 2019) and thus may be more likely to be associated with reproductive transitions
such as age at menarche. When relationships between trauma and age at menarche with four clocks (Horvath DNAm Age, Hannum
DNAm Age, DNAm PhenoAge, DNAmM GrimAge), GrimAge was the only clock to have significant associations with trauma and age
at menarche (Hamlat et al., 2021).
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2.5% and 95.2 + 2.4% respectively. DNA extraction and TL assays for the entire study were
performed using the same lots of reagents. Lab personnel who performed the assays were
provided with de-identified samples and were blind to all demographic and clinical data. The
intra-class correlation TL values from duplicate DNA extraction from 48 randomly selected
samples from the same cohort is 0.95 (CI 0.911-0.972).

C-reactive protein (CRP).—High-sensitivity CRP assays were performed by LabCorp
(test 120766, CPT 86141). Adult participants had a fasting blood draw in the morning after
a 10 h fast at local labs. Blood was collected into a green-top (heparin) tube, and sent to the
nearest LabCorp assay lab, which in most cases was local to Richmond, CA. LabCorp has
a strictly followed standardized automated protocol, certified by CLIA (Clinical Laboratory
Improvement Amendments), and used nationally in each of their labs. The blood was
separated into serum from cells within 1 h of drawing. A standard clinically used assay
(immunochemiluminometric assay, ICMA on the Integra 800) was used.

Data analysis

Results

To operationalize early adversity, we used three indicators of general abuse/threat before
age 13, sexual abuse, and physical abuse to construct a latent variable. We used the three
indicators of DNAmM GrimAge, TL, and CRP to construct the latent variable of accelerated
aging. The early adversity, menarche, and accelerated aging variables were regressed on
race (Black = 1, White = 0). Annual income in childhood was regressed on adversity, age
at menarche and accelerated aging. Age and current income were regressed on accelerated
aging. The (a) direct and indirect (through age at menarche) effects of early adversity on
accelerated aging as well as the (b) direct and indirect (through age at menarche) effects
of race on accelerated aging were examined (Fig. 1). Global model fit was assessed using
the robust 2 test of exact model fit. Because the y2 test may be sensitive to trivial amounts
of data-model misfit in moderate to large samples (Browne & Cudeck, 1993), we also
assessed model fit using the following approximate fit indices: Bentler’s comparative fit
index (CFI), the root mean square error of approximation (RMSEA), and the standardized
root mean square residuals (SRMR). Satisfactory model fit was determined by Hu and
Bentler’s (1999) recommended two-index strategy of either (a) CFl =0.95 and SRMR <0.08
or (b) RMSEA <0.06 and SRMR <0.08. Inferences for direct and indirect effects were
based on the unstandardized regression estimates 6 and their 95% confidence intervals (CIs),
with the latter computed via the non-parametric bias-corrected bootstrap based on 5000
replicate samples (MacKinnon, Lockwood, & Williams, 2004). Descriptive statistics were
computed using SPSS version 28.0; latent variable models were fitted using Mp/us version
8.7 (Muthén & Muthén, 2017).

Descriptive statistics are reported in Table 1 and correlations are reported in Table 2.
Between Black and White women, there was no difference in the number of abuse or
threat-related events before age 13 or number of sexual abuse experiences before age 18.
White women (M= 1.30, S.D. = 0.46) reported significantly more experiences of physical
abuse before 18 than Black women (M= 1.18, S.D. = 0.38). As expected, Black women
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were significantly younger at first menstruation, with a mean age at menarche of 11.96 years
(S.D. =1.22) compared to 12.47 years (S.D. = 1.23) for White women (Table 3).

Relative to Black women, White women were significantly more likely to have current
annual incomes of at least $60 000 (68.7% v. 38.5%) and to have had household incomes

of at least $20 000 annually when aged 9 or 10 (78.8% v. 43.9%).2 Black women had
significantly higher epigenetic age acceleration (epigenetic age relative to chronological age)
than White women. On average, Black women were epigenetically older, 1.24 (5.07), than
chronological age and White women were younger, —1.29 (4.83), than chronological age.
Black women had significantly higher CRP than White women with a mean of 3.95 (4.17)
mg/L compared to 2.69 (3.34) mg/L for White women. Black women had significantly
longer TL with a mean T/S ratio of 1.25 (0.27) compared to 1.15 (0.26) for White women.

Model of early abuse and accelerated aging

Model fit was satisfactory: X2(36) =63.85, p=0.001; CFl =.90; RMSEA = 0.05 (95%
C1 0.03-0.07), SRMR = 0.04. The observed variables of early adversity (abuse before age
13, physical abuse, and sexual abuse) and accelerated aging (epigenetic age acceleration,
CRP, and TL) loaded significantly onto their appropriate latent variables of adversity and
accelerated aging, respectively (Fig. 1).

Race was not significantly associated with early adversity (6= -0.14, 95% CI —-0.30 to 0.02,
B =-0.24). Race was significantly associated with age at menarche (6= -0.62, 95% Cl
-0.90 to —0.34, B =-0.49), and with accelerated aging (6=1.50, 95% CI 0.51-2.61, 5=
0.54), in that Black women had a younger age at menarche and higher accelerated aging.
Childhood income was significantly negatively associated with accelerated aging (6= -1.22,
95% CI —-2.47 to —0.05, 8= -0.44), but not with early adversity (6= -0.06, 95% CI —-0.22 to
0.12, g=-0.10), or age at menarche (4= -0.16, 95% CI -0.45 to 0.11, 8= —0.13). Current
income was significantly negatively associated with accelerated aging (6= —1.35, 95% ClI
-2.04 to —0.50, S =-0.49).

Early adversity was significantly negatively associated with age at menarche (6= -0.46,
95% CI1 -0.75 to -0.20, 8= —0.21) and age at menarche was significantly negatively
associated with accelerated aging (4 =-0.40, 95% CI -0.73 to —0.04, S = —0.18), in that
higher adversity was related to younger age at menarche and younger age at menarche
was related to higher accelerated aging. There was a significant positive indirect effect of
early abuse on accelerated aging through age at menarche (6= 0.19, 95% CI 0.03-0.44,
B=0.04), in that woman who experienced more abuse were younger at menarche, which
was associated with greater accelerated aging. The direct association between adversity and
accelerated aging was not significant (6= —-0.31, 95% CI -1.33 to 0.91, = -0.06). There
was also a significant positive indirect effect of race on accelerated aging through age at
menarche (4= 0.25, 95% CI 0.04-0.52, 8= 0.09), in that Black women were younger at
menarche, which was associated with greater accelerated aging.

2$20 000 was the approximate median household income in Richmond, CA when the initial study began in 1985. $60 000 was the
approximate median household income in Richmond, CA when follow-up data collection began in 2016.

Psychol Med. Author manuscript; available in PMC 2024 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hamlat et al.

Page 9

Discussion

In the current study, adversity in childhood was associated with an earlier age of first
menstruation (i.e. menarche), which was in turn associated with accelerated biological aging
in mid-life for both Black and White women. As theorized, there was an indirect effect

of childhood adversity on accelerated biological aging through age at menarche. Further,
Black women had an earlier age at menarche and greater accelerated aging in comparison
to White women and there was an indirect effect of race on accelerated aging through

age at menarche. Accelerated biological aging may begin in childhood (i.e. early pubertal
timing may be a form of accelerated aging) and the accelerated aging process set in motion
by abuse during childhood. In line with the biological embedding model (Ehrlich, Ross,
Chen, & Miller, 2016; Miller, Chen, & Parker, 2011), adversity may act through epigenetic
changes, inflammation, and other biological processes to accelerate biological aging (Finkel
& Holbrook, 2000).

Results suggest women who experienced abuse in childhood may mature earlier and present
as biologically older in adulthood than same-age peers. Findings align with work showing
that both early abuse and earlier age at menarche were associated with faster epigenetic age
acceleration (Hamlat et al., 2021). Black women demonstrated another path of vulnerability
by which earlier age at menarche resulted in accelerated biological aging. Along with a
younger age at menarche, Black women had greater accelerated aging compared to White
women, including higher levels of CRP and faster epigenetic age acceleration. There was
no difference in early life adversity, as assessed by a composite of three abuse variables,
between Black and White women. Race is a proxy for systemic racism (which was not
directly captured in the current study), which is a fundamental cause of racial inequities

in health (Phelan & Link, 2015; Williams et al., 2019). Black women may ‘weather’ or
experience greater biological aging due to race-related stressors (Geronimus, 1992), and
weathering may begin to influence aging-related biomarkers beginning in childhood. Black
girls experience pubertal onset at significantly younger ages than White girls (Bleil et al.,
2017; Freedman et al., 2002) and so demonstrate accelerated aging as indexed by pubertal
timing, which may contribute to health disparities between Black and White women in later
life.

The current study provides support for the psychosocial acceleration hypothesis, which
holds that in an early environment characterized by high adversity, pubertal maturation
may accelerate to maximize opportunities for reproduction. The focus of resources on the
acceleration of puberty may be at the expense of investments for adult health and lead to
premature aging decades before the development of serious disease and dysfunction. Taken
together, study findings support that early pubertal timing and accelerated biological aging
represent similar evolutionary-developmental processes (Belsky, 2019; Belsky & Shalev,
2016) and that early puberty may be conceptualized as accelerated aging that begins in
childhood.

Accelerated biological aging may serve as a mechanism by which early adversity contributes
to health disparities, and girls who experience early adversity, especially Black girls, may
benefit from intervention. Puberty is a sensitive period for recalibration of the HPA axis in
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children who have experienced early life adversity (Gunnar, DePasquale, Reid, & Donzella,
2019). Intervention during the pubertal transition could protect against accelerated aging and
lead to healthier outcomes during adulthood. For example, supportive family environments
have been found to buffer against further epigenetic age acceleration for Black youth
experiencing high levels of racial discrimination (Brody, Miller, Yu, Beach, & Chen, 2016).

Strengths and limitations

The current study has notable strengths including a sufficiently large sample of Black and
White women to examine the indirect effects of early adversity on accelerated biological
aging through age at menarche. Secondly, this is the first study to utilize an accelerated
aging latent variable using CRP, epigenetic clocks, and TL to investigate the relationship
between early adversity and biological aging.3 Thirdly, we also used multiple measures
of early adversity to construct a latent variable, which included abuse before age 13 as
well as childhood physical and sexual abuse. To better isolate effects of early abuse, we
also included a measure of early financial adversity (household income in childhood) as a
covariate. Finally, examining biological aging as an outcome in midlife allows us to evaluate
the influence of early adversity on biological aging decades before the onset of major
disease or disability.

Study results should be considered within the context of several limitations. For one,
adversity that took place in childhood was assessed retrospectively in adulthood. The
accuracy of retrospective recall of childhood experiences should not be assumed (Hardt

& Rutter, 2004; Reuben et al., 2016); however, retrospective report of maltreatment is
practical with an adult sample (Baldwin, Reuben, Newbury, & Danese, 2019; Newbury et
al., 2018). Secondly, the current study evaluated the associations between early adversity,
age at menarche, and accelerated biological aging in Black and White women and did

not include men. Future studies should examine similar associations in both men and
women of other racial and ethnic backgrounds. For instance, children in disadvantaged
neighborhoods and those with advance pubertal development had faster pace of biological
aging as measured by DunedinPoAm,% and Latinx-identifying children had a faster pace

of aging than White children (Raffington et al., 2021). Thirdly, our research did not have
multiple assessments of biological aging. Prospective research should evaluate the effects

of early adversity and age of menarche on longitudinal changes of biological aging across
the lifespan. Our research did not have multiple assessments of biological aging. Prospective
research should evaluate the effects of early adversity and age of menarche on longitudinal
changes of biological aging across the lifespan. Finally, in the current study, the direct effect
of adversity on aging was not significant. An indirect effect may be statistically significant
when the total or direct effect is not significant, and the significance of the total effect should

3Asa sensitivity analysis (Table S1), the latent accelerated aging variable was replaced by the three biomarkers in the same model.
The indirect effects of adversity and of race on CRP and on TL were significant; however, the indirect effects on epigenetic aging did
not reach significance. This suggests CRP and telomere length may be driving the association between early adversity and biological

aging.

4In Table S2, we have substituted DunedinPoAm, a newer clock which measures the pace of epigenetic aging, for GrimAge. The
primary findings of an indirect effect of childhood adversity on accelerated aging through age at menarche and an indirect effect of
race on accelerated aging through age at menarche are supported when DunedinPoAm is substituted; in fact, both indirect effects are

larger.
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not be used as a requirement for mediation (Fritz, Cox, & MacKinnon, 2015; Hayes, 2009;
Kenny & Judd, 2014; O’Rourke & MacKinnon, 2015).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Direct and indirect effects, through age at menarche, of early adversity and race on

accelerated aging.
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