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Evaluating the impact of trauma and PTSD on epigenetic
prediction of lifespan and neural integrity
Seyma Katrinli1, Jennifer Stevens 2, Agaz H. Wani3, Adriana Lori2, Varun Kilaru1, Sanne J. H. van Rooij 2, Rebecca Hinrichs2,
Abigail Powers2, Charles F. Gillespie 2, Vasiliki Michopoulos2, Aarti Gautam4, Marti Jett 4, Rasha Hammamieh4, Ruoting Yang4,5,
Derek Wildman3, Annie Qu6, Karestan Koenen7,8,9, Allison E. Aiello10, Tanja Jovanovic 2, Monica Uddin3, Kerry J. Ressler2,11 and
Alicia K. Smith 1,2

Post-traumatic stress disorder (PTSD) is a debilitating disorder that develops in some people following trauma exposure. Trauma
and PTSD have been associated with accelerated cellular aging. This study evaluated the effect of trauma and PTSD on accelerated
GrimAge, an epigenetic predictor of lifespan, in traumatized civilians. This study included 218 individuals with current PTSD, 427
trauma-exposed controls without any history of PTSD and 209 subjects with lifetime PTSD history who are not categorized as
current PTSD cases. The Traumatic Events Inventory (TEI) and Clinician‐Administered PTSD Scale (CAPS) were used to measure
lifetime trauma burden and PTSD, respectively. DNA from whole blood was interrogated using the MethylationEPIC or
HumanMethylation450 BeadChips. GrimAge estimates were calculated using the methylation age calculator. Cortical thickness of
69 female subjects was assessed by using T1-weighted structural MRI images. Associations between trauma exposure, PTSD, cortical
thickness, and GrimAge acceleration were tested with multiple regression models. Lifetime trauma burden (p= 0.03), current PTSD
(p= 0.02) and lifetime PTSD (p= 0.005) were associated with GrimAge acceleration, indicative of a shorter predicted lifespan. The
association with lifetime PTSD was replicated in an independent cohort (p= 0.04). In the MRI sub sample, GrimAge acceleration also
associated with cortical atrophy in the right lateral orbitofrontal cortex (padj= 0.03) and right posterior cingulate (padj= 0.04), brain
areas associated with emotion-regulation and threat-regulation. Our findings suggest that lifetime trauma and PTSD may contribute
to a higher epigenetic-based mortality risk. We also demonstrate a relationship between cortical atrophy in PTSD-relevant brain
regions and shorter predicted lifespan.

Neuropsychopharmacology (2020) 45:1609–1616; https://doi.org/10.1038/s41386-020-0700-5

INTRODUCTION
Traumatic events and posttraumatic stress disorder (PTSD)
symptoms may accelerate cellular aging and potentially result in
poor health outcomes or even higher mortality risk [1, 2].
Considering high individual and societal costs of PTSD, under-
standing the impact of trauma and PTSD on lifespan, as well as the
neuroanatomical changes associated with this altered lifespan is
crucial. Traumatic experiences and PTSD have been suggested to
advance cellular aging mainly through oxidative stress and
inflammatory pathways [1, 3]. Briefly, repeated activation of the
hypothalamic-pituitary-adrenal (HPA) axis system by chronic stress
and PTSD may cause an elevation in reactive oxygen species and
reduce protective capacity of antioxidants, which would increase
the risk of neuronal cell death [1]. Moreover, dysregulated
glucocorticoid signaling related to PTSD might cause increased
inflammation in peripheral and central nervous systems, which
could increase risk of necrosis [3, 4].

Cellular aging results in highly reliable age-related DNA
methylation (DNAm) changes in the epigenome. Studies demon-
strate that individuals with DNAm ages that are higher than their
chronological age (i.e., accelerated DNAm age) have higher risk of
neurocognitive decline [5] and PTSD [6], as well as a shorter
lifespan [7].
Recent evidence has raised the possibility that trauma and

PTSD may be associated with accelerated DNAm age, which has
a negative impact on neural integrity and lifespan [6, 8]. Multiple
cross-sectional studies reported that severity of PTSD and its
symptoms associate with advanced DNAm age acceleration
[6, 8, 9]. Studies also reported higher DNAm age acceleration
with increased trauma burden and number of stressful lifetime
events, which are predictors of PTSD [9–12]. A recent long-
itudinal study conducted on 179 veterans reported a positive
association between PTSD symptom scores and DNAm age
acceleration [2]. In contrast, Boks et al. reported that PTSD
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symptom severity is associated with reduced DNAm age in 96
Dutch male veterans [11].
Advanced DNAm age also correlates with markers of neural

integrity in brain regions known to deteriorate with advanced age
[6]. This study, conducted on 281 veterans, reported that
DNAmAge acceleration associated with reduced integrity in the
genu of the corpus callosum and indirectly related to poorer
working memory performance via this region [6]. Over the course
of normal aging, a progressive reduction in gray matter volume
and cortical thickness, especially in prefrontal regions and
cingulate cortex, is imminent [13]. These regions are involved in
cognitive functions such as response inhibition and learning [14],
which are known to be impaired with advanced age [15]. A recent
study demonstrated that the effect of age on cortical thickness
was partially mediated by epigenetic signatures [16]. Notably,
cortical atrophy is also linked to trauma exposure and PTSD [17].
Recently, Lu et al. developed a novel lifespan predictor,

GrimAge, which predicts chronological age in the context of
age-related lifestyle factors, such as smoking packs/years [18].
Since GrimAge was trained on time-to-death, it is more predictive
of mortality compared to earlier DNAm age predictors that were
exclusively trained on chronological age [19]. GrimAge accelera-
tion was validated in 6935 individuals, and increased GrimAge
acceleration predicted time-to-death overall and in the context of
age-related health problems such as coronary artery disease [18].
No studies to date have examined the association between

traumatic stress, cortical atrophy and mortality risk estimators
such as GrimAge acceleration. Hence, the primary aim of this
study was to evaluate the relationship of trauma and PTSD with
mortality risk, using the newly developed GrimAge algorithm. We
also sought to examine potential biological links between
psychiatric disorder and mortality risk by examining the associa-
tion between GrimAge acceleration and cortical thickness, a well-
known marker of aging [20, 21].

MATERIALS AND METHODS
Samples
The individuals included in the study were part of a larger cohort
of the Grady Trauma Project (GTP), which investigates the
influence of genetic and environmental factors on response to
stressful life events in a predominantly African American, urban
population of low socioeconomic status [22]. Interviews were
conducted with participants in waiting rooms of primary care or
obstetrical-gynecological clinics of a large, urban, public hospital
in Atlanta, GA. Clinical and life experience information, including
PTSD symptoms, trauma exposure, and demographics, along with
blood samples have been collected for these subjects. The study
was approved by the Institutional Review Board of Emory
University School of Medicine and the Grady Health Systems
Research Oversight Committee and all participants provided
written informed consent.

Measures
Demographic information including subject age, sex, and race was
provided on a self‐administered form. Lifetime exposure to
traumatic events was assessed using the Traumatic Events
Inventory (TEI) [22, 23]. This self-report instrument measures
lifetime (childhood and adulthood) exposure to trauma such as
natural disaster, serious accident or injury, and physical or sexual
assault, as well as frequency of events, age at worst incident, and
feelings of terror, horror, and helplessness. The TEI, which was
developed for use with our specific study population, is similar in
number of questions and format to other self-report assessments
of trauma exposure (see ref. [24, 25] for a review of self-report
instruments of civilian trauma exposure). TEI score was operatio-
nalized as a continuous measure, ranging from 0 to 16. For this

study, we included only individuals that were exposed to at least
one traumatic event (TEI equal or greater than 1).
Childhood trauma exposure was measured using the Childhood

Trauma Questionnaire (CTQ), a self-report inventory assessing
three types of child abuse: sexual, physical and emotional based
on established scores for mild, moderate and severe abuse for
each type [26]. History of childhood abuse was operationalized
dichotomously, two categories for each type of abuse (physical,
sexual, and emotional): (1) those with CTQ scale scores in the none
to mild range, and (2) those with CTQ scores in the moderate to
severe range. We then created a composite variable across all of
the three types of abuse. Using this composite variable,
participants were categorized into two groups according to the
numbers of types of abuse that fell into the moderate to severe
range: (1) those with no type of abuse in the moderate to severe
range, and (2) those with at least one type of abuse in the
moderate to severe range [27].
PTSD diagnosis was assessed by Clinician‐Administered PTSD

Scale (CAPS) [28, 29]. The CAPS provides a diagnostic measure of
PTSD and assesses lifetime and current PTSD. For 109 (12.8%)
individuals with missing CAPS information, modified PTSD
symptomatic scale (mPSS) based on DSM-IV criteria was used as
a measure of current PTSD diagnosis [30]. To be categorized in
PTSD group, subjects needed to report current symptoms falling
within three symptom clusters: at least 1 intrusive symptom (B), 3
avoidance/numbing symptoms (C), and 2 hyperarousal symptoms
(D) on the mPSS, with a duration of 1 month or greater (D) [31].
There was a significant strong positive correlation between mPSS
and current CAPS assessment in this study (r= 0.53, p < 2.2e−16),
which is consistent with other reports [32]. For both measures
used to assess current PTSD, the time between questionnaire
completion and blood draw was less than 30 days. Using this PTSD
categorization, we identified 218 individuals as current PTSD
group (assessed by CAPS or mPSS) (current PTSD group), 427
trauma-exposed individuals without any history of PTSD (control
group) and 209 participants with a lifetime PTSD history (assessed
by CAPS only), but without current PTSD (assessed by CAPS or
mPSS) (lifetime PTSD group). The current PTSD group and lifetime
PTSD group were exposed to similar types of traumas, with (1)
serious accident or injury and (2) attacked without a weapon by a
spouse being the two most common traumas in both groups.

DNA methylation
DNA was extracted from whole blood and interrogated using the
MethylationEPIC BeadChip (Illumina) for 637 samples and Human-
Methylation450 BeadChip (Illumina) for 217 samples according to
manufacturer’s instructions. Raw methylation beta values were
determined via GenomeStudio. Samples with probe detection call
rates <90% and those with an average intensity value of either
<50% of the experiment-wide sample mean or <2000 arbitrary
units (AU) were removed using R package CpGassoc [33]. Probes
with detection p-values >0.01 set to missing. CpG sites that cross
hybridize between autosomes and sex chromosomes were
removed [34].
GrimAge estimates were calculated using the new DNA methyla-

tion age calculator developed by Horvath (https://dnamage.genetics.
ucla.edu/new) on the non-normalized methylation beta values per
the instructions on the website, since the calculator includes a
normalization step as a part of its process [18, 35]. For analyses
purposes, the age-adjusted version of GrimAge (i.e., AgeAccelGrim
variable of the new methylation age calculator output) was used.
DNAm patterns were also used to calculate the proportions of CD8T,
CD4T, natural killer (NK), B cells, monocytes (mono), and granulo-
cytes. These calculations were done according the methodology
described by Houseman et al. [36], using Horvath’s new methylation
age calculator. Estimated proportions of CD8T, CD4T, NK, B cells, and
mono were included as covariates in multiple regression models.
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Image acquisition and processing
To minimize heterogeneity, brain magnetic resonance imaging
(MRI) in this sample was restricted to African–American women.
N= 69 study participants from the discovery cohort (GTP) had
available and usable MRI data available. Exclusion criteria included
no trauma exposure, a history of bipolar disorder, schizophrenia,
current psychotic symptoms, current psychotropic medication use,
contraindications to MRI scanning, neurological disorder, known
structural brain abnormality, head injury with loss of consciousness,
implanted metal objects, or positive urine tests for pregnancy and
drug use (cocaine, marijuana, opiates, amphetamines, and
methamphetamines) assessed 24–48 h before the MRI scan.
Brain imaging data were acquired on a Siemens 3.0-Tesla

Magnetom Trio TIM whole-body MR scanner (Siemens, Malvern,
PA) with a 12-channel head coil. Structural images were acquired
using the Siemens 3D-MP-RAGE T1-weighted pulse sequence
(176 slices, TR= 2000ms, TE= 3.02 ms; 1 mm3 voxel size). The
images were processed in Freesurfer version 5.3 (https://surfer.
nmr.mgh.harvard.edu).
Cortical surface reconstruction and thickness measurement

were performed using Freesurfer’s surface-based analysis, and
data quality checks were performed following the ENIGMA 3
protocol. Here, summary statistics and a summary of outliers ±3
SD from the mean were generated from the thickness values of 70
regions defined by the Desikan Atlas [37]. The raters (SVR and JSS)
visually examined each subject’s data from both internal (axial,
coronal, and sagittal slices) and external views (3D rendering of
surface) to identify surface reconstruction errors. Regions that
were confirmed to contain an error were discarded. Regional
thickness values were exported for further analysis.

Statistical analyses
We first tested the correlation between chronological age and
GrimAge. Age-adjusted version of GrimAge, named as GrimAge
acceleration, was calculated by regressing chronological age out
from GrimAge. Since GrimAge is a predictor of mortality [18],
higher GrimAge acceleration values reflect increased mortality
risk.
We then conducted univariate tests to evaluate the association

between GrimAge acceleration and potential confounding variables
(array type and estimated cell proportions). To evaluate the
association of lifetime trauma exposure, childhood trauma, and
PTSD (current and lifetime) with GrimAge acceleration, we per-
formed series of multiple regressions, adjusting for sex, array type,
and estimated cell proportions. Then, we performed a Kruskal–Wallis
test to compare difference in mean GrimAge acceleration among
groups, followed by post hoc pairwise comparisons using a Wilcoxon
test. Power analysis were conducted using G*Power 3.1 [38].
We examined the association between cortical thickness and

GrimAge acceleration in female participants with available MRI
data. DNAm was assessed with MethylationEpic BeadChip for all
69 individuals. We used a multiple linear regression model to
evaluate GrimAge acceleration as a predictor of cortical thickness,
controlling for age. To investigate whether association between
GrimAge acceleration and cortical thickness is similar across
current PTSD group and controls, we performed stratified analysis
for PTSD status. p-values were adjusted for multiple-testing of 70
regions by controlling the false discovery rate (FDR) at 5% [39]. For
all statistical analyses beta estimates (effect sizes) are reported
alongside with p-values.

Replication analysis
To test replicability of our results, we used data from the Detroit
Neighborhood Health Study (DNHS), comprised of predominantly
African American adults living in Detroit, Michigan [40, 41]. DNA
methylation data was available from 309 unique DNHS partici-
pants, 120 of whom met criteria for lifetime PTSD and 189 of
whom were trauma-exposed controls without any history of PTSD.

The PTSD Checklist Civilian Version (PCL-C) was used to assess
PTSD, as previously described [40]. Number of traumatic event
types, assessed using a survey of 19 traumatic events, which can
be divided into four groups based on type: assaultive violence,
other injury or shocking experience, learning about trauma to a
loved one, and sudden unexpected death of a loved one, was
used to measure trauma burden [40–42]. MethylationEPIC
BeadChip (Illumina) and HumanMethylation450 BeadChip (Illu-
mina) were used to measure whole blood-based DNA methylation,
following the manufacturer’s recommended protocol. Raw DNA
methylation beta values were obtained using GenomeStudio and
subsequent quality control processing steps and statistical analysis
were performed as described for the GTP samples.

RESULTS
Demographics of the cohorts
A total of 854 subjects from GTP were included in the study,
including 427 trauma-exposed controls without any history of
PTSD (control group), 218 individuals with current PTSD, and 209
trauma-exposed individuals who do not meet current PTSD
criteria but had a previous history of PTSD (lifetime PTSD group).
Demographics and characteristics of the cohort are shown in
Table 1. The cohort was predominantly African American (93.1%)
and female (70.0%).
Demographic and clinical characteristics of the replication

cohort from DNHS, including 120 individuals with lifetime PTSD
and 189 trauma-exposed controls without any history of PTSD, are
shown in Supplementary Table 1.

Associations between GrimAge acceleration and demographic
and cellular variables
GrimAge was correlated with chronological age (r= 0.82, p < 2.2e
−16), but GrimAge acceleration was not correlated with chron-
ological age (r=−0.002, p= 0.96). We then compared GrimAge
with other estimates of DNAmAge. Even though GrimAge was
correlated with Horvath’s (r= 0.74, p < 2.2e−16) and Hannum’s
(r= 0.85, p < 2.2e−16) DNAmAge, the degree of correlation
between the residuals of the epigenetic clocks (GrimAge accelera-
tion and other DNAmAge acceleration estimates) were lower for
both the Horvath (r= 0.07, p= 0.04) and Hannum (r= 0.18, p=
1.66e−9) estimates.
Supplementary Table 2 shows the results of univariate

associations between GrimAge acceleration and sex, array type,
and blood cell proportions in discovery and replication cohorts.
There were significant associations between blood cell propor-
tions and GrimAge acceleration. CD8T, CD4T, NK, and B cell
proportions were negatively associated with GrimAge accelera-
tion, whilst monocytes and granulocytes were positively asso-
ciated. Similar effects for cell proportions in GrimAge were also
observed in the replication DNHS cohort (Supplementary Table 2).
Array type was associated with GrimAge acceleration in DNHS
cohort and was included as a covariate.

Association between trauma variables, PTSD, and GrimAge
The results for the regression of GrimAge acceleration on trauma
variables (lifetime and childhood trauma) and PTSD in discovery
and replication cohorts are summarized on Table 2. There was no
significant difference in GrimAge estimates between current PTSD
and control groups (t= 1.30, p= 0.20). However, GrimAge
acceleration differed significantly between current PTSD and
control groups (t= 2.25, p= 0.02). We also noted an association
between any PTSD (current or lifetime) and GrimAge acceleration
(t= 2.80, p= 0.005). This association was replicated in an
independent cohort (t= 2.04, p= 0.04), with lifetime PTSD group
having advanced GrimAge acceleration relative to controls with-
out any history of PTSD, suggesting an increased mortality risk for
individuals with PTSD. In addition, participants who experienced
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increased lifetime trauma burden had accelerated GrimAge in the
GTP discovery cohort (beta estimate = 0.12, p= 0.03), indicating
higher risk of mortality (Fig. 1a). Even though the association
between lifetime trauma burden and GrimAge acceleration had a
similar trend in the replication cohort (Table 2), it was not
statistically significant (beta estimate = 0.13, p= 0.06). There was
no association between childhood trauma and GrimAge accelera-
tion in both cohorts. This likely reflects a lack of power, as our
post-hoc analysis showed substantially lower power for childhood
(8%) trauma relative to either PTSD (62%) or lifetime trauma (57%).
To evaluate whether the PTSD-related increase in GrimAge

acceleration may be reversible, we compared the difference in
mean GrimAge acceleration among groups using Kruskal–Wallis
test and performed post hoc pairwise comparisons using a
Wilcoxon test (Fig. 1b). The control group without any history of
PTSD had significantly lower GrimAge acceleration compared to
both the current PTSD group (p= 0.015) and the lifetime PTSD
group (p= 0.026). GrimAge acceleration did not differ between
the current PTSD and lifetime PTSD group (p= 0.95), suggesting
that the effect of PTSD on accelerated GrimAge may be
permanent, at least when assessed in this manner.

Accelerated GrimAge and cortical thickness
The demographics of the 69 individuals from the GTP cohort (26
individuals from the current PTSD group and 43 individuals from
the control group) with available MRI data and cortical thickness
measures of 70 regions were shown in Supplementary Table 3. We
observed reduced thickness in eight cortical regions with
accelerated GrimAge (Table 3). The results of all 70 regions were
shown in Supplementary Table 4. Among these tests, two cortical
regions are still significant after correction for multiple testing

(FDR < 0.05): GrimAge acceleration was negatively associated with
thickness of right lateral orbitofrontal cortex (beta estimate=
−0.014, padj= 0.03) and right posterior cingulate cortex (beta
estimate=−0.012, padj= 0.04) (Table 3, Fig. 2). We then tested the
association between GrimAge acceleration and cortical thickness
in current PTSD group and controls separately. Interestingly,
accelerated GrimAge was negatively associated with thickness of
the right lateral orbitofrontal cortex in the current PTSD group
(beta estimate=−0.024, padj= 0.05), but not in the control group.

DISCUSSION
Traumatic experiences and PTSD have high individual and societal
costs. Therefore, understanding the effects of trauma and trauma-
related outcomes (e.g., PTSD) on individuals’ lifespan and mortality
risk is crucial. Here, we evaluated the associations between trauma
exposure (both lifetime and childhood), PTSD, and mortality, using
the newly developed epigenetic clock GrimAge, which is a DNAm-
based biomarker of mortality [18]. One of the strengths of
GrimAge is that it incorporates methylation-based proxies of
smoking packs per year and metabolism-related plasma proteins,
which may be more reliable than adjusting for the self-reported
information. Results of this study indicated that lifetime but not
childhood trauma exposure and PTSD may associate with
increased GrimAge acceleration, implicating shorter life span,
and accelerated GrimAge was also related to cortical atrophy.
Findings of this study are consistent with the hypothesis that

PTSD is associated with advanced cellular aging and DNAm age,
and that advanced DNAm age is related to reduced neural
integrity and cognitive ability [6]. Our findings are also consistent
with previous studies that used telomere length as a marker of

Table 2. Association between trauma variables, PTSD and GrimAge acceleration.

GTP (Discovery cohort) DNHS (Replication cohort)

Beta SE t value p value Beta SE t value p value

Trauma burden 0.12 0.06 2.13 0.03 0.13 0.07 1.87 0.06

Childhood trauma 0.19 0.37 0.51 0.61 −0.65 0.85 −0.76 0.44

Current PTSDa 0.86 0.38 2.25 0.02 NA NA NA NA

Lifetime PTSDb 0.87 0.31 2.80 0.005 1.38 0.67 2.04 0.04

SE standard error
Results are from multiple regression, controlling for sex, array type and cell proportions of CD4T, CD8T, NK, B cell, mono. Significant effects are shown in bold.
aData not available for DNHS cohort.
bAssessed by CAPS in GTP, and by PCL-C in DNHS.

Table 1. Demographic characteristics of the study (N= 854).

Phenotype Mean (SD) or N (%)

Control (N= 427) Current PTSD (N= 218) Lifetime PTSD (N= 209) p-value

Sex, Female 283 (66.1%) 174 (79.8%) 138 (66.0%) 0.0008

Age 42.80 (12.70) 40.93 (11.43) 43.30 (11.80) 0.07

Race, AA 404 (94.6%) 201 (92.2%) 190 (90.9%) 0.20

GrimAge 46.17 (12.79) 44.89 (11.32) 47.94 (12.33) 0.04

GrimAge acceleration −0.37 (4.85) 0.47 (4.82) 0.41 (4.91) 0.02

Trauma burdena 4.48 (2.79) 7.09 (3.40) 5.92 (3.08) <2.2e−16

Childhood traumab 147 (34.4%) 155 (71.1%) 107 (51.2%) <2.2e−16

The p-values were computed from Kruskal–Wallis test (for continuous variables) and chi-square test (for categorical variables) for comparison of control,
current PTSD, and lifetime PTSD groups.
SD standard deviation, AA African American.
aMeasured by Traumatic Events Inventory (TEI).
bMeasured by Childhood Trauma Inventory (CTQ).
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aging, reporting association of PTSD with shortening of telomere
length [3, 43], which is also related to reduced brain volume [44].
We also showed that GrimAge acceleration is higher in subjects
with a lifetime history of PTSD, compared to controls. There was
no significant difference between GrimAge acceleration of
subjects with a lifetime PTSD history and subjects with current
PTSD, suggesting that PTSD-associated epigenetic marks may be
persistent and may still continue to impact lifespan.
Our neuroimaging analyes were focused on cortical thickness, a

well-known marker of aging [13]. We showed that accelerated
GrimAge was associated with thinner right orbitofrontal cortex
(OFC) and right posterior cingulate cortex (PCC), which get thinner
with advanced chronological age. These effects were observed
above and beyond effects of chronological age, which was
included as a covariate in the model, and thus represent a brain
index of greater-than-expected progression towards mortality.
Interestingly, atrophy in these regions has been reported to be
associated with both PTSD and trauma [17]. Thinner right OFC has

also previously been associated with metabolic syndrome in
combat veterans with PTSD, an effect postulated to reflect co-
occurring neurodegenerative and cardiometabolic effects of
accelerated aging [45]. The current findings also support this
possibility, especially considering that the negative association
between GrimAge acceleration and OFC thickness was observed
in the current PTSD group (N= 26), but not in the control group
(N= 43).
Background age-related decreases in cortical thickness are

typically quite small, at a rate of 0.1–0.5% per year in adults across
ages 20–90 [46]. The effect sizes for GrimAge effects on thickness
in the right OFC and PCC reflects 0.014 and 0.012mm decrease,
respectively, for each year of GrimAge acceleration; indicating
0.6% (0.014 mm over 2.19 mm mean thickness) and 0.5% (0.012
mm over 2.37 mm mean thickness) change in thickness relative to
expected age-related change—a marked increase beyond stan-
dard age-related effects. A longitudinal study with a similar mean
age of our cohort (Mage= 50 years) reported change in thickness

Table 3. Association between cortical thickness and GrimAge acceleration.

Cortical thickness All samples (N= 69) PTSD only (N= 26) Controls only (N= 43)

Beta SE p value padj Beta SE p value padj Beta SE p value padj

R lateral OFC −0.014 0.004 4.29E−04 0.03 −0.024 0.006 0.001 0.05 −0.010 0.005 0.058 1

R posterior CC −0.012 0.004 0.001 0.04 −0.011 0.007 0.128 0.37 −0.013 0.004 0.003 0.2

R caudal anterior CC −0.018 0.007 0.013 0.25 −0.004 0.014 0.754 0.87 −0.025 0.010 0.020 0.7

R insula −0.010 0.004 0.017 0.25 −0.023 0.011 0.049 0.24 −0.015 0.009 0.113 1

R pars orbitalis −0.014 0.006 0.021 0.25 −0.009 0.008 0.261 0.47 −0.011 0.005 0.032 0.8

L caudal anterior CC −0.019 0.008 0.022 0.25 −0.025 0.011 0.037 0.24 −0.009 0.007 0.205 1

L lateral OFC −0.009 0.004 0.028 0.28 −0.012 0.007 0.079 0.29 −0.007 0.005 0.188 1

Right caudal MFC −0.009 0.004 0.048 0.37 −0.016 0.009 0.090 0.30 −0.004 0.005 0.350 1

SE standard error, padj adjusted for multiple-testing of 70 regions by controlling the false discovery rate (FDR) at 5%, R right, L left, OFC orbitofrontal cortex,
CC cingulate cortex, MFC middle frontal cortex.
The results from a multiple regression, controlling for age, depicts all nominally significant associations, with those that remain significant after multiple test
correction indicated in bold.

Fig. 1 Associations between GrimAge acceleration and (a) Lifetime trauma and (b) PTSD. a Lifetime trauma is assessed by Traumatic Events
Inventory (TEI) score. Red line shows linear best fit for the multiple regression model that includes CD8T, CD4T, NK, B cell, mono, sex and array
type as covariates. Blue shaded area represents 95% confidence region. b Results are p values from Wilcoxon test for post hoc pairwise
comparisons.
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for the OFC (−0.32% to −0.48%) and the PCC (−0.41%) per year
[47]. Our findings suggest that these rates almost the double over
and above expected age-related decline. The functions of these
regions are relevant to PTSD as well as mood disorders and age-
related neurodegenerative conditions. The OFC plays a key role in
reward and aversive valuation, participating in a circuit with the
ventral striatum that supports stimulus-reinforcement associative
learning [48]. Lower OFC volume has consistently been linked with
major depressive disorder [49], and geriatric depression [50]. The
PCC, in contrast, is a multi-modal association area that receives
visual sensory input and is involved in spatial orientation and
memory, as well as social cognition [14], and is a hub for the
default mode network with high metabolic demand [51]. Lower
PCC thickness is a notable feature of neurodegenerative condi-
tions including advanced mild cognitive impairment (MCI) [52],
and both typical and atypical presentations of Alzheimer’s Disease
[53]. The effect of GrimAge acceleration on thickness in these
regions is therefore largely consistent with effects of neurode-
generative disorders that are common in older populations.
It is also important to note that our analysis of cell type

differences and GrimAge acceleration showed a positive correlation
with granulocytes and monocytes. Neutrophils, the most abundant
type of granulocytes, and monocytes play important roles in
inflammation (reviewed in [54, 55]). To date, multiple studies report
that indicators of inflammation, such as the neutrophil-to-
lymphocyte ratio or higher granulocyte and monocyte counts,
associate with all-cause and cause-specific mortality [56–59].
Current evidence also supports the involvement of inflammation
in PTSD [60]. Thus, inflammation may be a key factor in the
relationship between PTSD and GrimAge acceleration.
The results of the current study should be considered with a

number of limitations. First, this was a cross-sectional study and
we are not able to make causal interpretations, but the association
between PTSD and GrimAge was replicated in an independent
cohort. We observed a positive trend in same direction for the
relationship between lifetime trauma burden and accelerated
GrimAge. However, it did not reach a statistical significance,
potentially because of the difference in lifetime trauma assess-
ments and burden in the respective cohorts (i.e., DNHS did not
assess frequency of exposure to various trauma types, as was
performed in the GTP). Given the cross-sectional nature of the
study, we do not have follow-up data on participants, including

information regarding development of age-related disorders, time
of death, or future PTSD recurrence in the lifetime PTSD group.
Hence, we acknowledge the design of this group is not ideal.
Future prospective studies can address this limitation and test
whether the effect of PTSD on accelerated GrimAge may be
permanent. We were also not able to test the prediction accuracy
of GrimAge, or previous epigenetic clock estimates, in terms of
mortality risk as that data is not available in our cohort. Future
prospective studies are required to evaluate risk of mortality, and
its association with GrimAge acceleration and PTSD, as well as to
test the hypothesis that the effect of PTSD on accelerated
GrimAge may be permanent. Second, the cohort comprised
predominantly African American women. Considering recent
evidence suggesting that epigenetic clocks including GrimAge
may differ by sex [7, 8, 18] and ethnicity [61], further research in
more heterogenous cohort is needed. Third, our sample size for
the neuroimaging analysis is relatively small (N= 69); thus, we are
underpowered to conduct moderation tests of PTSD groups,
cortical thickness and GrimAge acceleration, which would be
useful to further characterize the observed associations.
Elucidating the molecular mechanisms that link trauma

exposure and PTSD to negative biological outcomes is crucial.
Even though prior evidence reported substantial comorbidities
[62] and accelerated DNAm age associated with PTSD [6, 8, 9], we
found only a few reports regarding the relationship between PTSD
and mortality risk [63], mostly due the requirement of prospective
studies with long-term follow-up. However, the recently devel-
oped epigenetic clock GrimAge allows the interpretation of
mortality risk using cross sectional-data [18].
Findings from this study shows the association between lifetime

trauma burden, PTSD, and accelerated GrimAge and indicate that
lifetime trauma exposure and PTSD negatively impact lifespan.
Our results also link PTSD relevant cerebral cortex regions, lateral
orbitofrontal cortex and posterior cingulate, to accelerated
GrimAge and suggest a plausible relationship between reduced
cerebral cortex thickness and mortality risk. Further studies are
required to support the validity of GrimAge. After gathering
supporting results regarding the accuracy of GrimAge and
validating the associations between trauma, PTSD and accelerated
GrimAge in independent cohorts, this novel measure might be
clinically useful to inform who is at greatest risk for increased
mortality in the aftermath of trauma.

Fig. 2 Associations between GrimAge acceleration and (a) Right lateral orbitofrontal cortex and (b) Right posterior cingulate cortex
thickness. a Red line shows linear best fit for the multiple regression model that includes right lateral orbitofrontal thickness as dependent
variable, GrimAge as predictor and age as a covariate. Blue shaded area represents 95% confidence region. b Red line shows linear best fit for
the multiple regression model that includes right posterior cingulate thickness as dependent variable, GrimAge as predictor and age as a
covariate. Blue shaded area represents 95% confidence region.
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