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The association of post-traumatic stress disorder with acceler-
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Abstract
Post-traumatic stress disorder (PTSD) is increasingly recognized as a multisystem condition associated with 
accelerated biological aging. However, the heterogeneity of aging trajectories and causal mechanisms remain 
poorly defined. This commentary critically synthesizes evidence linking PTSD to telomere attrition, epigenetic 
age acceleration, chronic inflammation, and increased dementia risk, while emphasizing that most data are 
cross-sectional and causal inference is limited. We propose a working hypothesis of four hypothetical aging 
subtypes (telomere/inflammaging-dominant, epigenetic-dominant, neurodegeneration-dominant, and resil-
ient) as a heuristic framework to guide future research. We argue that without recognizing this heterogeneity, 
translational efforts will remain suboptimal. The priority for future studies is longitudinal multi-biomarker 
designs with cluster analyses to empirically validate or refute the proposed subtypes. Effective interventions 
may mitigate these effects, but direct evidence for reversibility of biological aging markers is currently lacking.
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Introduction

The conceptualization of post-traumatic stress disorder 
(PTSD) is arguably undergoing a paradigm shift, moving 
beyond narrow psychiatric confines to be redefined as a 
chronic, multisystem pathology [1]. Current data points 
toward a profound disruption of the neuroendocrine-
immune axis, leading to a cumulative allostatic load [2], 
a process that is further illuminated by recent research 
on cognitive appraisal and coping strategies in patients 
with chronic coronary syndrome and psychological dis-
tress [3]. This systemic dysregulation frequently acts as a 
precursor to severe somatic comorbidities, which funda-
mentally underscore the disorder's capacity to shorten life 
expectancy [4]. Consequently, addressing PTSD through 
a purely clinical-psychological lens appears increasingly 
insufficient, necessitating a holistic medical framework to 
mitigate its far-reaching physiological toll.

Numerous meta-analyses have confirmed that PTSD is as-
sociated with an increased risk of cardiovascular disease, 
type 2 diabetes, and dementia [4-6]. However, the critical 
unanswered question is not whether PTSD accelerates ag-
ing, but how and for whom. The striking inter-individual 
variability in aging trajectories suggests that PTSD-related 
biological aging is not a uniform process. This com-
mentary aims to: (i) critically synthesize the evidence for 
PTSD-accelerated aging with a focus on heterogeneity; (ii) 
propose a heuristic four-subtype framework as a testable 
hypothesis; and (iii) identify key methodological gaps that 
must be addressed to validate this framework. We argue 
that without recognizing this heterogeneity, translational 
efforts will remain suboptimal.

Established associations of PTSD: a critical syn-
opsis

Multiple lines of evidence support the association between 
PTSD and accelerated biological aging. Individuals with 
PTSD consistently exhibit shorter telomeres compared to 
trauma-exposed controls without PTSD [7]. Epigenetic 
age acceleration, measured by DNA methylation (DNAm)  
clocks such as GrimAge and Horvath clock, has been 
demonstrated in veteran cohorts and linked to reduced 
neural integrity [8, 9]. Oxidative stress and mitochondrial 
dysfunction, comprehensively reviewed by Miller and Sa-
deh [10], represent another mechanistic pathway, though 
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PTSD symptoms. In the delayed onset trajectory, symp-
toms emerge months or years later, which is of particular 
interest to geriatric psychiatry as it may be associated with 
age-related changes and stressors of later life [20].
Research shows that the course of PTSD in older adults 
can vary significantly depending on the age at which the 
trauma occurred. Two main scenarios are distinguished: 
early-life trauma with symptoms persisting or recurring in 
old age [20], and new trauma occurring in old age lead-
ing to de novo PTSD [21]. The significant prevalence of 
PTSD and other mental health issues has also been docu-
mented in other populations under high stress, such as 
medical students during the COVID-19 pandemic [22]. A 
10-year longitudinal study of Holocaust survivors found 
that 10% of participants who did not have PTSD at the 
first assessment developed delayed PTSD by the second 
assessment, indicating the reality of a late onset of the dis-
order [20]. 
The clinical heterogeneity of PTSD raises the possibility 
that biological aging trajectories also differ across indi-
viduals. Building on PTSD pathways, the followed four-
subtype framework maybe represent the heterogeneity of 
accelerated aging in PTSD. To date, no study has directly 
tested this four-subtype classification using cluster analy-
sis or latent profile analysis in a sample with compre-
hensive biomarker data. Here, we propose a hypothetical 
four-subtype framework to guide future research, not as a 
validated taxonomy (Figure 1).

Subtype A: telomere-driven/inflammaging-dominant

Strong evidence supports the existence of a PTSD sub-
group characterized by pronounced telomere shortening 
and elevated inflammation. Miller and Sadeh proposed a 
theoretical model whereby chronic PTSD potentiates oxi-
dative stress (OXS), which in turn drives telomere erosion 
and cellular senescence, forming a self-perpetuating cycle 
[10]. This model aligns well with Subtype A as a distinct 
mechanistic pathway. However, the extent to which this 
pathway is separable from other aging mechanisms (e.g., 
epigenetic aging) remains unclear, as these processes are 
likely interconnected.

http://www.antpublisher.com/index.php/APT/index

evidence remains largely cross-sectional.
PTSD is also consistently associated with a chronic low-
grade inflammatory state. Landmark meta-analyses have 
found significantly elevated levels of interleukin-6, tumor 
necrosis factor-α, and C-reactive protein in individuals 
with PTSD compared to healthy controls [11, 12]. Wolf 
and Morrison reviewed evidence linking these inflam-
matory changes to downstream cardiometabolic disease, 
suggesting a mechanistic pathway from traumatic stress to 
inflammation to accelerated biological aging [5].
Recent Mendelian randomization analyses have dem-
onstrated that elevated levels of specific inflammatory 
cytokines, namely stem cell factor and interleukin-4, are 
causally associated with reduced PTSD risk, implicating 
the transforming growth factor β (TGF-β) signaling path-
way and molecular mediators such as POGZ and LRIG2 
as protective nodes [13]. These findings mark a paradigm 
shift: PTSD is not merely accompanied by immune dys-
regulation, but specific inflammatory profiles may caus-
ally influence disease susceptibility.
Neuroimaging studies have documented reduced hippo-
campal, prefrontal cortical, and anterior cingulate volumes 
in PTSD, with duration of PTSD predicting progressive 
hippocampal gray matter loss [14]. In service members 
with PTSD and mild traumatic brain injury, age-acceler-
ated reductions in cortical surface area were demonstrated 
[15]. The epidemiological evidence for PTSD as a risk 
factor for dementia is robust [6, 16, 17].

Heterogeneity of aging trajectories in PTSD

The most frequently identified trajectories of response to 
potentially traumatic events include: the resilience tra-
jectory, the recovery trajectory, the chronic dysfunction 
trajectory, and the delayed onset trajectory [18, 19]. The 
resilience trajectory is the most common and is charac-
terized by the absence of a significant increase in symp-
toms. The recovery trajectory involves an initial increase 
in symptomatology followed by a gradual reduction. In 
chronic dysfunction, there is a persistent retention of 
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Figure 1. Hypothetical framework linking post‑traumatic stress disorder (PTSD) to accelerated biological aging and proposed heterogeneity 
of aging trajectories.
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Subtype B: epigenetic clock acceleration-dominant 
(without rapid neurodegeneration)

Multiple studies have established that PTSD is associated 
with accelerated epigenetic aging [8, 9, 23, 24]. The dif-
ferentiation from Subtype A is conceptually plausible—
epigenetic clocks capture different biological processes 
than telomere length—though in practice there is consid-
erable overlap. The "without rapid neurodegeneration" 
qualifier is more difficult to validate given that Wolf et 
al. did find that DNAm age acceleration was associated 
with reduced white matter integrity [8]. However, the epi-
genetic aging pathway may precede overt structural brain 
changes. 

Subtype C: Neurodegeneration-dominant (brain struc-
ture decline, cognitive impairment)

The evidence linking PTSD to neurodegeneration and de-
mentia risk is substantial [6, 10, 15, 25, 26]. This subtype 
may represent the end-stage of accelerated aging process-
es that begin with molecular changes (Subtypes A and B) 
and eventually manifest as structural brain decline.

Subtype D: Resilient (no accelerated aging despite 
PTSD).

This is the least studied of the four subtypes but has 
emerging empirical support. The concept of a resilient 
subtype is consistent with the observation that not all 
individuals with PTSD develop accelerated aging: there 
is considerable inter-individual variability in biomarker 
profiles [4, 5]. Positive mental health has been shown to 
moderate the association between PTSD symptoms and 
subjective accelerated aging [27]. The evidence for a dis-
tinct resilient subtype is preliminary but conceptually im-
portant. However, further research is needed to determine 
whether this represents a true subtype (i.e., stable trait-
like resistance to biological aging) or rather reflects state-
dependent factors such as differential treatment response, 
symptom fluctuation, or compensatory biological mecha-
nisms.
It is crucial to acknowledge that this four-subtype frame-
work remains speculative. The current evidence base is 
severely limited by: (a) cross-sectional designs that can-
not establish temporality; (b) residual confounding from 
early-life adversity and lifestyle factors; (c) overrepresen-
tation of male veteran cohorts; and (d) inconsistent results 
across different epigenetic clocks. These limitations pre-
clude any clinical application of our model at present.
The proposed subtypes may represent different stages or 
facets of a common accelerated aging cascade rather than 
discrete entities. It is plausible that Subtypes A and B rep-
resent earlier molecular stages of accelerated aging, while 
Subtype C reflects later-stage structural and cognitive con-
sequences. Longitudinal studies tracking all biomarkers 
simultaneously are needed. We urge readers to treat this as 
a heuristic device, not a clinical classification.
The heterogeneity of PTSD aging trajectories has im-
portant clinical implications. First, diagnostic screening 
for PTSD in elderly patients should take into account the 
possibility of delayed onset and atypical clinical presen-
tations, which may be masked by somatic complaints or 

cognitive impairment [4]. Second, therapeutic interven-
tions need to be adapted based on the patient's age, dura-
tion of the disorder, and cognitive status.

Translational opportunities

If our subtype framework proves valid, it would have di-
rect translational implications. For Subtype A (inflammag-
ing-dominant), anti-inflammatory or antioxidant strategies 
might be prioritized; for Subtype C (neurodegeneration-
dominant), neuroprotective interventions would be rel-
evant. Encouragingly, longitudinal evidence suggests that 
changes in PTSD symptom severity correlate with chang-
es in DNAm GrimAge acceleration [9, 28], indicating that 
effective treatment might slow further biological aging. 
However, no study has yet demonstrated reversibility of 
aging markers, and the optimal intervention type likely 
depends on the predominant biological pathway in each 
individual. This underscores the urgent need for subtype-
specific intervention trials.

Conclusions

In conclusion, the convergence of molecular, structural, 
and clinical evidence strongly suggests that PTSD alters 
aging trajectories, but this process is likely heterogeneous. 
Our proposed four-subtype framework offers a heuristic 
tool to guide future research, not a validated taxonomy. 
The priority for the field is clear: longitudinal multi-bio-
marker studies with cluster analyses are urgently needed 
to empirically validate or refute these subtypes. Only then 
can we move toward personalized interventions that target 
the specific aging pathways activated in each individual 
with PTSD. Until such data emerge, claims about revers-
ibility or precision treatment remain premature.
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