
Perspective
Hypothermia for Longevity: A Thermodynamic
Perspective on Aging and Life Extension
Eve Bakaleinikova1,*
1Western Governors University, Salt Lake City, UT, USA
*Corresponding author: ebakal2@wgu.edu
https://doi.org/10.59368/agingbio.20250041
Received: 3/20/2025, Revised: 5/25/2025, Accepted: 7/25/2025, Published: 8/21/2025

Aging arises from a complex interplay of molecular and systemic factors, including oxidative stress, DNA
damage, inflammation, and impaired proteostasis. These mechanisms are intimately linked with thermo-
dynamic processes, suggesting that thermoregulation may influence aging trajectories. This article
exploresmild induced hypothermia as a potential antiaging intervention. By examining the physiological,
molecular, and clinical dimensions of hypothermia, its role in mitigating key mechanisms of aging is
explored. Synthesizing findings from thermodynamic aging theory, mechanistic studies on metabolic
regulation, oxidative stress, DNA repair, and proteostasis, and clinical evidence from the application of
therapeutic hypothermia (TH) in conditions such as cardiac arrest, traumatic brain injury, ischemic
stroke, and neonatal hypoxic-ischemic encephalopathy. Mild hypothermia attenuates metabolic strain,
enhances mitochondrial efficiency, reduces oxidative damage, activates longevity-associated transcrip-
tion factors (e.g., FOXO), and stabilizes genomic integrity. It also promotes protein quality control via pro-
teasome activation and reduces systemic inflammation through cold-shock proteins like RBM3. However,
adverse cardiovascular, neurological, and metabolic effects at lower temperatures highlight the need for
precise regulation. TH is already used clinically in critical care and shows promise in broader applications,
including neuroprotection and potentially antiaging. A pharmacologically controlled “hypothermia pill”
targeting thermoregulation is proposed as a future avenue. Individualized approaches, real-time biomo-
nitoring, and rigorous clinical trials are essential to safely translate mild hypothermia into a viable lon-
gevity strategy.

Introduction

The biology of aging encompasses a wide array of hypotheses,
each attempting to clarify why organisms deteriorate over time.
Since the mid-twentieth century, hypotheses such as the free
radical theory1, immunological decline2 , telomere shortening3,
and molecular cross-links4 have vied to explain the molecular
and physiological underpinnings of aging. By the late twentieth
century, the number of such theories had grown into the hun-
dreds5, prompting efforts to classify them into two major types:
error theories, which emphasize the accumulation of damage,
and program hypotheses, which posit that aging follows a regu-
lated biological timetable. More contemporary frameworks often
blend these views, suggesting aging results from a combination of
genetic regulation, maintenance system decline, environmental
stress, and stochastic events6. Despite ongoing debate, most ger-
ontologists now agree that aging is multifactorial, with no single
cause likely accounting for the entire process across species.

One emerging perspective reframes life itself as a system opti-
mized for entropy production. The thermodynamic approach to
life was first proposed by Schrödinger, who described organisms
as open systems that maintain their structure by exporting
entropy7. According to this hypothesis, life arose and evolved

not in defiance of but due to the second law of thermodynamics8.
Organisms transform ordered energy (sunlight, chemical com-
pounds) into thermal radiation, thereby increasing the entropy
of their surroundings9, and evolution drives the formation of
organisms that maximize the transition of energy into heat10.
Such a viewpoint has significant implications for our understand-
ing of aging, suggesting it may arise as a consequence of continu-
ous metabolic strain. Within this framework, thermoregulation,
particularly core body temperature, emerges as an important var-
iable. The hypothesis that mild, controlled reductions in body
temperature may mitigate metabolic wear introduces a novel
pathway for exploring antiaging strategies centered on the
physiological and pharmacological induction of mild
hypothermia.

Aging as a Result of Entropic Wear and Tear

Multiple aging theories intersect with thermodynamic princi-
ples. The predominant oxidative stress theory postulates that
the accumulation of reactive oxygen species (ROS) induces dam-
age to multiple molecule types, including DNA and proteins11.
The DNA damage hypothesis suggests that the accumulation of
genetic damage over time causes genomic instability and
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contributes to cellular aging12. The protein homeostasis theory
adds a further dimension, asserting that aging involves a gradual
loss of the cell’s ability to properly fold, maintain, and degrade
proteins. This leads to the accumulation of misfolded or aggre-
gated proteins, which are toxic to cells and linked to a myriad
of diseases, often affecting the nervous system13. Another promi-
nent theory is “inflammaging,” which proposes that aging is
driven in part by chronic, low-grade inflammation resulting from
sustained immune activation and metabolic imbalance. This per-
sistent inflammatory state is closely associated with many age-
related diseases and proposed by many as the main driver of
unhealthy aging14,15. Together, these theories provide a founda-
tion for exploring how cold exposure may modulate aging
through its influence on inflammation, genomic maintenance,
and protein quality control.

Building upon these foundational theories, it becomes evident
that several hallmarks of agingmay be responsive to environmen-
tal modulation, prompting a high interest in gerotherapeutic
interventions16. One such intervention is mild induced hypother-
mia, which offers a unique thermodynamic influence on the bio-
logical systems implicated in aging. Through targeted cooling,
hypothermia has been shown to attenuate oxidative damage, sta-
bilize genomic integrity, enhance protein homeostasis, and sup-
press chronic inflammation. What follows is an exploration of
how this physiological state intersects with and potentially miti-
gates each of the aforementioned aging mechanisms.

The Mechanisms behind Hypothermia’s
Beneficial Effects

Although severe hypothermia is detrimental, mild hypother-
mia (around 35 °C), which does not produce severe adverse
effects, is emerging as a potential longevity-enhancing interven-
tion. This transition from harmful to beneficial outcomes relies on
a thermodynamic understanding of aging, proposing that the con-
tinuous energetic activity and associated metabolic stress drive
the aging process.

Metabolic regulation
A primary beneficial effect of hypothermia on pathologic aging

is its impact on metabolic regulation. Mildly reducing core body
temperature effectively slows metabolic rate17,18, potentially
minimizing cumulative cellular damage over time and thereby
promoting longevity. Lowering body temperature also activates
brown adipose tissue (BAT), which boosts energy expenditure
and enhances insulin sensitivity. This metabolic shift improves
lipid and glucose metabolism and contributes to reducing inflam-
mation commonly associated with metabolic disorders19,20.
Hypothermia has also been implicated in lactate clearance and
preventing acidosis, both of which support normal metabolism
function21,22, as well as in enhancing autophagy in BAT and
in vivo, helping cells eliminate misfolded proteins and nonfunc-
tional organelles23,24.

Oxidative stress reduction
Hypothermia also affects oxidative stress, a key driver of cellu-

lar aging under the free radical theory. There’s a plethora ofmech-
anisms through which this occurs, all of which lead to multiple
organ systems being protected from oxidative stress-induced
damage25. By enhancing antioxidant defenses via improving
the respiratory control ratio in oxygenated mitochondria,

enhancing antioxidative enzyme activity, and reducing ROS pro-
duction, mild hypothermia helps mitigate molecular and cellular
damage, thereby potentially slowing aging processes26–29.

Protection of DNA integrity
Recent emerging evidence suggests that mild induced hypo-

thermia may also protect DNA integrity. This includes telomere
preservation, which safeguards chromosome ends from degra-
dation. The prospective mechanism could be CIRP upregulation,
which has a positive effect on telomerase activity and shows
heightened expression levels during the winter in hibernating
mammals30. Another notable mechanism that could contribute
to DNA preservation during hypothermia is the activation of
FOXO transcription factors, notably FOXO1 and FOXO3, which
are closely linked to longevity31. FOXO transcription factors
regulate genes involved in oxidative stress resistance, DNA
repair, metabolism, and autophagy. These are all avenues
through which the FOXO family is linked to extreme longevity
in humans32.

Promoting proteostasis
Another mechanism of hypothermia’s role in promoting

healthy longevity is the enhancement of protein homeostasis.
Hypothermia can stimulate trypsin-like proteasome activity
through the PA28γ/PSME3 pathway, enhancing the degradation
of misfolded or aggregated proteins. This reduces toxic protein
accumulation, which is an important factor in neurodegenerative
disease prevention. This phenomenon has been observed in both
human cells exposed to moderate cold temperature and in
Caenorhabditis elegans, implying a highly evolutionarily con-
served mechanism across both poikilotherms and homeotherms
and exhibiting potential for multi-disease prevention33.

Suppressing inflammation
In addition, mild induced hypothermia has been shown to sup-

press chronic inflammation, a phenomenon referred to as “inflam-
maging”14. Hypothermia downregulates pro-inflammatory
cytokines and modulates immune responses, which helps reduce
systemic inflammation and the risk of age-related diseases such as
cardiovascular disorders, diabetes, and neurodegeneration34–37.
There are multiple mechanisms through which this effect takes
place, some of which have been unveiled in recent years.
Notably, the hypothermia-induced cold-shock protein RBM3 sup-
presses the activation of inflammation in the lungs, in part
through the CysLT1R pathway38. RBM3 also possesses a remark-
able neuroprotective effect, as it promotes synaptic regeneration,
protects against neuronal loss, enhances memory function, and
markedly extends disease-free survival in murine models of
neurodegenerative disorders39. Conversely, the neuroprotective
effects of hypothermia are potentially mediated by a plethora
of mechanisms ranging from the previously discussed metabolic
slowing and free radical suppression to lipoproteinmembraneflu-
idity protection and oxygen demand and intracellular acidosis
reduction to excitatory neurotransmitter biosynthesis and release
suppression40.

Pathophysiology of Hypothermia

Despite all of the listed potential benefits, the long-term impli-
cations remain complex. While short-term induced hypothermia
appears protective, populations in chronically cold environments

2 AgingBio, 3, e20250041, August 21, 2025



exhibit highermortality and cardiovascular risk41. This highlights
the need for deeper research to understand the optimal applica-
tion and duration of hypothermia for aging interventions, as well
as to emphasize the potentially seriously adverse effects of hypo-
thermia should it not be precisely monitored and regulated
(Table 1).

Metabolic dysfunction
Hypothermia induces significant disruptions in metabolic

pathways, primarily through the suppression of signal sys-
tems42. To counteract heat loss, the body initiates energy conser-
vation mechanisms, prominently through shivering, which
elevates the metabolic rate up to four- or fivefold43 until core
temperature drops to around 32 °C. Beyond this threshold,
neuromuscular function deteriorates, and muscular activity is
impaired44. In addition, a shift toward anaerobic metabolism
occurs during severe hypothermia, resulting in elevated lactic
acid levels andmetabolic acidosis, characterized by a significant
drop in blood pH

45.

Neurological effects
Even though mild hypothermia has long since been established

as beneficial and therapeutic for brain injury, hypothermia can
profoundly negatively impact brain function and even decrease
survival in brain injury patients46. Synaptic transmission notably
decreases in severe hypothermia, attributed to diminished neuro-
transmitter release47. This reduction leads to slowed cognitive
processes. Furthermore, cerebral vasoconstriction intensifies at
core temperatures below 31 °C48, significantly lowering cerebral
perfusion and increasing the risk of brain hypoxia and ischemic
injury.

Cardiovascular impact
The cardiovascular system responds to hypothermia by induc-

ing hypertension, predominantly due to sympathetic nervous sys-
tem activation starting at approximately 34 °C and causing
vasoconstriction through catecholamine release. Cardiac work-
load is increased due to this hypertension, which forms a vicious
loop with the renal system through the renin-angiotensin path-
way, where angiotensin II levels are increased, and it, in turn, fur-
ther heightens hypertension49,50. This often progresses to
bradycardia and potentially severe arrhythmias51.

State of the Art and Future Perspectives

Despite its potential adverse effects, the cumulative evidence
supporting the beneficial mechanisms of hypothermia suggests
that, when carefully controlled and precisely monitored, it holds
promise as a viable strategy in antiaging interventions. To illus-
trate its clinical potential, several therapeutic scenarios where
hypothermia is already being effectively employed in human
medicine today are highlighted.

Current use of therapeutic hypothermia
Therapeutic hypothermia (TH) refers to the intentional and

controlled reduction of core body temperature to a range between
32 and 35 °C, typically maintained for 24–48 hours52.
Historically, its application dates back to the early 1800s, when
its use in managing fever and febrile illnesses was first
documented53.

TH has been extensively studied across a range of medical con-
ditions, particularly as our understanding has deepened regard-
ing the cascade of damaging biochemical and cellular events
that occur in the brain following ischemic or traumatic injury.
Numerous studies have demonstrated that TH offers neuroprotec-
tive benefits in both cardiac and neurological injuries52,54,55.
Consequently, it is now recommended by several international
resuscitation organizations for patients experiencing out-of-hos-
pital cardiac arrest (OHCA). Evidence also supports its positive
impact on neurological outcomes following cardiac arrest and
traumatic brain injury (TBI). Three principal cooling techniques
have been developed over the last 50 y: (1) surface cooling via air,
(2) surface cooling via fluids, and (3) core cooling using methods
such as intravenous catheters, peritoneal lavage, or infusion of
iced fluids. To mitigate potential side effects during TH, it is com-
monly administered alongside sedatives, anesthetics, opioids,
magnesium, and neuromuscular blockers.

Recently, TH has been applied pervasively across a spectrum of
critical care-associated diseases, which includes TBI, OHCA,
ischemic strokes, and perioperative cardiothoracic care. The
American Heart Association and Brain Trauma Foundation rec-
ommend the use of TH in both OHCA and TBI56,57. More recently,
its potential has also been investigated in the context of cancer
therapy, especially its efficient against a subset of tumors with
p53 mutations58,59 . An additional and increasingly important
application of TH is in the management of hypoxic-ischemic
encephalopathy (HIE) in neonates, a serious condition resulting

Table 1. Temperature-dependent pathophysiological effects.

Body Temperature (°C) Metabolic Effects Neurological Effects Cardiovascular Effects Hematological Effects

36–35 °C (Mild
hypothermia)

Initial increase in basal
metabolic rate (BMR), mild
insulin resistance

Impaired judgment, fine
motor coordination
deficits

Peripheral vasoconstriction,
increased heart rate

Normal coagulation,
mild platelet
aggregation

34–32 °C (Moderate
hypothermia)

Suppressed gluconeogenesis,
glycogen depletion

Slowed nerve
conduction, confusion,
lethargy

Bradycardia, initial atrial
fibrillation, hypovolemia

Hypercoagulability,
increased blood
viscosity

32–30 °C (Severe
hypothermia)

Metabolic acidosis,
mitochondrial dysfunction

Stupor, diminished
reflexes, cerebellar
ataxia

Profound bradycardia,
junctional rhythms, high
arrhythmia risk

Risk of disseminated
intravascular
coagulation (DIC)

<30 °C (Profound
hypothermia)

Cellular metabolic failure,
multiorgan dysfunction

Coma, areflexia,
brainstem suppression

Ventricular fibrillation,
asystole, extreme hypotension

DIC, microvascular
collapse, organ failure

Modified from http://www.ncbi.nlm.nih.gov/books/NBK545239/.
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from oxygen deprivation around the time of birth. HIE leads to
acute brain injury and remains a major contributor to long-term
neurodevelopmental disorders, including cerebral palsy, epi-
lepsy, and cognitive impairments. In recent years, TH has become
the standard of care for infants with moderate to severe HIE, sup-
ported by substantial clinical evidence demonstrating its ability to
mitigate brain injury and enhance survival with reduced neuro-
logical consequences60,61. Despite these advances, ongoing chal-
lenges persist, particularly concerning the optimization of patient
selection, timing of intervention, and efficacy in vulnerable pop-
ulations such as preterm infants and those in low-resource
settings62.

Future perspectives: Hypothermia as an antiaging
intervention

The translation of mild hypothermia into an antiaging inter-
vention involves several key considerations and innovative
strategies.

Precise temperature control
Therapeutic mild hypothermia (around 35 °C) must be care-

fully and consistently maintained to avoid negative physiological
effects associated with lower body temperatures. At approxi-
mately 35 °C,metabolic processes slow, potentially reducingmet-
abolic stress and age-associated cellular damage without
triggering severe systemic disruptions observed at lower temper-
atures for prolonged time periods.

Pharmacological temperature regulation (hypothermia pill)
Future antiaging strategies could involve the development of

pharmacological interventions—a “hypothermia pill”—capable
of safely lowering human core body temperature to approxi-
mately 35 °C, without adverse effects caused by cold exposure.
Such medication might function through modulation of hypo-
thalamic temperature-regulatory centers. Achieving tempera-
ture reduction through a pharmaceutical approach would
allow for continuous, precisely controlled mild hypothermia,
potentially enhancing longevity outcomes while minimizing
the risks associated with external cooling methods. However,
this approach requires extensive preclinical and clinical valida-
tion to ensure efficacy and safety.

A potential drug could target the hypothalamus, the brain
region responsible for thermoregulation, altering its internal “set-
tings” to maintain a lower baseline body temperature. Since the
hypothalamus governs body temperature regulation, precise
modulation of its neuronal activity could theoretically decrease
the body’s temperature set point safely. Specifically, transient
receptor potential (TRP) channels, such as TRPM8 and TRPV1,
are known to play a central role in thermosensation and hypotha-
lamic temperature regulation63. Pharmacological modulation of
these receptors could, in theory, shift the thermoregulatory set
point of the hypothalamus toward a lower baseline temperature.

In addition, serotonergic and dopaminergic neurotransmitter
systems are involved in central thermoregulation and energy
balance. For example, serotonin receptors in the preoptic area
of the hypothalamus influence heat production and dissipation,
and dopaminergic signaling has been linked to adaptive thermo-
genesis63,64. A hypothetical drug could modulate these pathways
to induce a controlled and sustained reduction in core body tem-
perature without triggering the adverse effects typically associ-
ated with hypothermia.

Another strategy would involve using compounds that affect
metabolism and thermogenesis. For example, a drug could regu-
late the activity of uncoupling proteins (UCPs) in BAT or alter
basal metabolic rate directly. Bruno Conti’s experiments with
transgenicmice illustrate this approach: by increasing the activity
of UCPs, these mice maintained a body temperature 0.3–0.5 °C
lower than normal and achieved a significantly extended life-
span—12% longer in males and 20% longer in females—without
caloric restriction, directly linkingmild hypothermia to enhanced
longevity65.

As of today, no pharmaceutical pill exists that safely reduces
and maintains human core body temperature at around 35 °C
over extended periods. However, theoretically, such a drug
could be developed and would be of considerable interest in ger-
ontology and longevity research. Developing this treatment
would require extensive clinical trials and rigorous long-term
safety assessments.

Individualized approaches
Interventions must account for individual health profiles and

biological variability, as tolerance to mild hypothermia and
responses to temperature reduction can significantly vary based
on age, sex, genetic predisposition, metabolic health, body com-
position, and preexisting medical conditions66. Personalized pro-
tocols and dosage adjustments would be essential to maximize
beneficial outcomes and prevent adverse effects.

Biological markers and monitoring
Implementing comprehensive biological monitoring systems,

including but not limited to markers of inflammation, metabolic
rate, and oxidative stress levels, is critical. Longitudinal monitor-
ing would allow for real-time tracking of the beneficial effects
associated with mild hypothermia and ensure prompt detection
and mitigation of any negative physiological impacts.

Research integration and validation
Ongoing rigorous scientific research is essential for translating

mild hypothermia into a viable and widely applicable antiaging
strategy. Future investigations should include controlled clinical
trials, longitudinal epidemiological studies, detailed mechanistic
analyses, and robust validation studies to confirm the safety,
feasibility, and effectiveness of temperaturemodulation protocols
and pharmacological interventions designed to safely lower core
body temperature.

Limitations

While this perspective presents a compelling case for the role of
pharmacologically induced mild hypothermia in promoting lon-
gevity, several limitations must be acknowledged. First, there is a
lack of direct empirical evidence in humans demonstrating that
long-term reductions in core body temperature lead to increased
lifespan. Most current data are derived from animal models or
cross-species comparisons, which may not fully translate to
human physiology. Second, ethical and practical challenges com-
plicate the design of clinical trials to assess prolonged hypother-
mia in healthy individuals, particularly given the risks associated
with thermoregulation. These factors highlight the need for cau-
tious interpretation and emphasize the importance of rigorous,
multidisciplinary research before translating this approach into
clinical practice.
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Conclusion

The application of mild hypothermia (approximately 35 °C) as
an antiaging intervention presents a promising yet largely unex-
plored area of biogerontology. By modulating metabolism, oxida-
tive stress, genomic stability, inflammation, and proteostasis, it
addresses several of the most prominent aging theories from a
thermodynamic perspective. While TH is already validated in
acute medical contexts, its translation to antiaging medicine
demands cautious optimism.

Considering the severe health risks associated with deeper
hypothermia, the strategic translation into safe human applica-
tion requires scientific validation and careful therapeutic proto-
col design. Promising avenues include precise monitoring of
biomarkers, personalized intervention strategies, and innova-
tive pharmacological approaches, such as developing a “hypo-
thermia pill” capable of safely maintaining mildly reduced
core temperatures.

Ultimately, comprehensive and carefully controlled clinical
studies are essential to validate the feasibility, effectiveness,
and safety of mild hypothermia as a longevity-enhancing inter-
vention. The concept of a pharmacologically induced, tempera-
ture-modulating therapy represents a visionary yet plausible
path forward in longevity science—one that bridges foundational
aging biology with precision thermal regulation.
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