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Opinion

Childhood traumatic events are a global public health issue,
perhaps with potential lifelong physical health problems for those
who experience them [1,2]. A report published by the Center on
the Developing Child at Harvard University shows that the more
childhood trauma a person accumulates, the more likely he is
to develop a wide range of psycho-spiritual and cardiovascular
disorders later in life [3]. However, it is less well understood what
processes may be affected by adverse early experiences that sustain
long-term health risks. Epigenetics may offer some explanation.
Epigenetic processes allow the body to respond to environmental
influences by regulate gene transcription by chemical modifications
of either DNA or the structural components of chromatin without
inducing changes to the DNA sequence [4]. DNA methylation is
one of the most commonly studied epigenetic processes. Recently,
mounting studies have confirmed that the strong correlation
between childhood trauma and DNA methylation. Methylated gene
traces in the blood of traumatised children significantly predicted
the approximate incidence of health problems such as depression,
tobacco addiction, alcoholism, etc., approximately 17 years later,
with the help of Methylation Risk Scores (MRSs) [5].

Methylation of the glucocorticoid receptor (GR) gene, NR3C1,
is associated with behavioural problems and symptoms in children
exposed to early adversity [6], as well as maltreatment as a
predictor of changes in NR3C1 methylation over time [7]. However,
these studies have not converted altered DNA methylation due
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to childhood trauma into quantitative numerical values of their
effects on the development and final outcome of individual. The
epigenetic clock is a molecular estimator developed based on
DNA methylation data. It measures the cumulative effects of
epigenetic maintenance systems, reflecting the dynamic landscape
of interactions between genetic and environmental factors [8]. It
can accurately estimate the biological age of any tissue to measure
physiological homeostasis and degradation throughout the life
course, which enables quantitatively assess the impact of long-
term environmental stresses on individual homeostasis [9]. We
quantified the epigenetic age (DNAm age) of whole blood from
participants in the Grady Trauma Project [10], using the most widely
used epigenetic clock “Multi-Tissue Predictor”, which is a predictor
of 353 CpG sites generated by applying an elastic net regression
model based on Illumina DNAm array data from thousands of
samples (n > 8000) from 51 different tissues and cell types.

The results showed that the error value of DNAm age compared
to chronological age was 5.4 years with a correlation coefficient
of 0.9 (P < 1e-200, Figure 1A). We calculated epigenetic age
acceleration by calculating Acceleration Diff and Acceleration
Residual and determined whether participants’ epigenetic age was
older (epigenetic age acceleration > 0) or younger (epigenetic age
acceleration < 0) than their chronological age. Next, we used the
Kruskal-Wallis’s test to determine whether experiencing moderate
to extreme sexual/physical abuse in childhood would have a
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significant effect on an individual’s epigenetic age acceleration. We
observed that the Acceleration Diff value (increased by 0.93 years;
p = 0.015, Figure 1B) and Acceleration Residual (p = 0.012, Figure
1C) values displayed significant rise in individuals who experienced
abuse in childhood compared to those who did not. This result
suggests that exposure to adverse childhood experiences may lead
to an earlier onset of signs of aging in later life through cumulative
effects. Our study elucidates the relationship between childhood
trauma and phenotypic aging measure. While everyone gets older,
childhood adversity can cause individuals to age faster, which puts
you at greater risk for physical health problems in adulthood.

Therefore, studying a link between the methylation changes of
the epigenetic clock and childhood trauma is even more clinically
relevant, as these changes could potentially serve as biomarkers
to identify children at risk for long term health problems. Our
study elucidates the relationship between childhood trauma and
phenotypic aging measure. While everyone gets older, childhood

adversity can cause individuals to age faster, which puts you at
greater risk for physical health problems in adulthood. Therefore,
studying a link between the methylation changes of the epigenetic
clock and childhood trauma is even more clinically relevant, as
these changes could potentially serve as biomarkers to identify
children at risk for long term health problems. Psychologist Alfred
Adler said, Unfortunate people are healing their childhood all their
lives, and lucky people are healed by childhood all their lives. The
epigenetic clock provides a complete picture reflecting health
inequalities between individuals caused by early life exposures
[11]. Some studies even hint that epigenetic changes could
affect the next generation [12]. A serious effort to both map and
substantiate associations between adverse behavioural responses
caused by childhood trauma and epigenetic clock alterations may
provide possible treatments for reversing physical health problems
triggered by childhood trauma.
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Figure 1: Effect of experiencing sexual/physical abuse in childhood on the epigenetic age of participants from the Grady Trauma Project.

(x-axis). The black dashed line is the diagonal. The prediction error of DNAm age with chronological age from non-exposed (blue circles)
and exposed (red triangles) groups are shown in panel. (B, C) Comparison of AccelerationDiff (B) and AccelerationResidual (C) between
exposed and non-exposed groups. The P-value from Kruskal-Wallis tests is shown between the indicated comparisons.
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