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The forgotten clockwork of the brain: Untangling accelerated aging

in substance use disorders
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When the scaffolding of biology is hurried by pathology, we are forced to
confront time, not as chronology but as degeneration. The elegant study
by Kluwe-Schiavon et al. plunges into precisely this conceptual breach:
where substance use disorders (SUDs) hijack the natural rhythm of aging,
pushing the clock forward with biochemical violence and neuroepigenetic
insistence (1). The new article buils on a body of work in this area (2-4).
This is not just a question of whether drugs kill. We already know they
do. The deeper question, provocative and new, thanks to this anatomically
grounded work, is whether drugs age the brain (5). And if so, how (see
Fig. 1). There is also a quieter dimension here: one that lives outside the
elegant research presented in this article. In this same issue of Genomic
Psychiatry, a personal interview with Dr. Consuelo Walss-Bass sheds light
on the emotional and intellectual backdrop to this research (6).

With rigor and restraint, the authors dissect the transcriptomic and
epigenetic landscapes of the dorsolateral prefrontal cortex (DLPFC)—a
brain region central to decision-making and executive control, but also
particularly vulnerable to the long shadows cast by addiction. Using post-
mortem brain tissue from individuals with alcohol, opioid, and stimu-
lant use disorders, the authors deploy not one but three specialized epi-
genetic clocks calibrated for cortical tissues. These include DNAmClock-
Cortical, CerebralCortexClockcommon, and PCBrainAge; each of them
represents a fine-grained chronometer that ticks not with seconds, but
with methylation.

The central insight of the study is unsettling in its clarity: individuals
with SUDs exhibit signs of accelerated biological aging, and this aging is
neither cosmetic nor metaphorical. It is cellular. It is molecular. And it is
coded into the methylated terrain of the genome (7, 8). That these effects
were observed specifically in the brain—rather than peripheral tissues—
deepens their clinical gravity. We are not speaking here of graying hair
or stiffening joints, but of the cognitive architectures that underlie judg-
ment, memory, and behavioral restraint.

What the Data Whispered

The authors' analytical choreography is both sophisticated and honest.
Samples were stratified into those with and without accelerated ag-
ing (AA), allowing for within-cohort comparisons that illuminate rather
than blur. The transcriptomic profiles revealed overlapping and unique
gene expression changes across SUD subtypes. These alterations were
not vague or diffuse. They were concentrated in specific biological path-
ways: mitochondrial function, cellular metabolism, immune modulation,
and neuroinflammation (9).

Of particular interest is the mitochondrial signature that emerges
across all SUDs, suggesting a shared mechanism of neuroenergetic decay
(10). If mitochondria are indeed the powerhouses of the cell, then sub-
stance use seems to be the arsonist. The implication is grim: that addic-
tion robs the brain of its metabolic youth.

Equally fascinating is the differential enrichment across substance
types. For instance, alcohol and stimulants shared vascular and oxygen
transport system disruptions, while opioids and stimulants converged
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Figure 1. The biological clock of addiction. This conceptual lmagcfb; lQu%rage
the central theme of accelerated biological aging in substance use Es@‘d&rs.1
A human brain model positioned alongside an analog clock an% %b;tancej
residue (cocaine) visually represents how substance use dlsorde% mn%c&l:
erate the biological aging process of neural tissue, h1ghllghtmgghg"f?clé&1§?,
clock” metaphor discussed throughout the editorial. Image generg-tqg

(xAl, 2025) with active author input.
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on inflammatory pathways. Alcohol and opioids, in contrast
within cellular signaling and neurodevelopmental tracks.
gences underscore a point that psychiatry often ignores in i
cological zeal: that not all addictions are created equal at t
level. Thereis no “one SUD to rule them all"—only overlappings
traversing unique biological corridors.
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Bravery in Limitation
The authors, commendably, resist the temptation of over-mt%
They acknowledge the limitations inherent to cross-sect@)
mortem studies. They admit the absence of causality, thegspec
confounding, the constraints of nominal significance threshotgs:
notably, they point out that no differentially expressed geneéﬂﬂ);_?,G
vived false discovery rate (FDR) correction, a humbling rem rond
statistical rigor demanded by genomic inquiry. U>

Yet, science often advances not through definitive algm%r
through the elegance of an intelligent question. And thls‘<stgdg
many—quietly but insistently. Why do some brains crumbleaaﬁemlaglg
others under the same pharmacological siege? Could thereabg p‘i’e(ﬁs-,n
posing genomic signatures: either genetic susceptibilities or‘)e@genetlg
scars left by early-life adversity, that make some 1nd1v1du\ts<”ublologl<
cally fragile to the insult of drugs? What role might immune priming,
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neurovascular shifts, or hormonal derangements play in this neurobiolog-
ical acceleration?

The Policy Reverberations

It would be a mistake to leave this study in the quietude of the laboratory.
Its implications are vast, reaching into public health, addiction medicine,
criminal justice, and even education policy. If substance use induces pre-
mature biological aging, then we must treat it not merely as a moral lapse
or behavioral choice, but as an accelerant of neurodegeneration. What we
call relapse may sometimes be the cognitive exhaustion of a prematurely
aged cortex. What we term non-adherence might instead be mitochon-
drial collapse.

In an era that fetishizes longevity and “healthspan,” it is almost tragi-
comic that we ignore entire populations whose biological age far out-
paces their years. Youth, in the statistical sense, is no shield when the
brain is decades older than the body it inhabits.

A Call Forward

This study opens the door to a field that remains embryonic but urgent:
the psychiatry of aging in young people. It calls for longitudinal investiga-
tions that follow individuals through abstinence, relapse, remission, and
decay. It demands integrative biomarker panels that combine methyla-
tion, gene expression, and neuroimaging. It proposes, albeit implicitly, a
new taxonomy for SUD, not just based on behavior or drug class, but on
biological decay signatures.

If oneis to be optimistic, and one must be, evenin the face of molecular
entropy, then perhaps these findings mark the beginning of a therapeu-
tic redirection. Anti-aging interventions, long the obsession of cosmetic
medicine and Silicon Valley biohackers, might soon find their most ethi-
cally urgent application in addiction psychiatry.

Julio Licinio*
1Editor-in-Chief, Genomic Psychiatry, Genomic Press, New York, NY 10036, USA
™ e-mail: julio.licinio@genomicpress.com
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