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Energetic principles of human health

1. Energy distribution across physiological networks
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Energetic principles of human health

1. Energy is distributed across physiological networks

2. Total energy transformation capacity is limited



Limit to human energy transformation capacity

Thurber et al. Sci Adv 2019SusMS: maximum Sustained Metabolic Scope

Not human



Reduced GMR 
↓ stem cell maintenance

↓ functions and efficiency

↑ accumulation of damage

ACCELERATED AGING 

Partitioning of energetic resources in humans

Bobba-Alves et al. Psychoneuroendocrinol 2022
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Bioenergetic principles of health

1. Energy is distributed across physiological networks

2. Total energy transformation capacity is limited

3. Sustained hypermetabolism promotes damage



Energy flow ➡︎ entropy production ➡︎ decay and finite lifespan

CenturiesYears / DecadesSeconds

Hypermetabolism is an increase in the amount of  
energy needed to sustain one’s life over time

HYPERMETABOLISM

Damage accumulation
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Cellular quiescence/senescence decrease division rate by >90-95%



Cellular quiescence/senescence decrease division rate by >90-95%

Slower division = less DNA replication, less protein synthesis, less 
telomerase activity, less mitochondrial biogenesis, … ENERGY SAVINGS?



More proteins, and more 
hyperfused mitochondria in 

fibroblasts from old individuals

Sgarbi et al. Aging 2014

Kim et al. Life Sci Alli 2023

Increased mitochondrial mass, 
mtDNAcn, and basal respiration in 

senescent fibroblasts



Increased glucose consumption in 
human B cells from aged 

individuals

Frasca et al. Plos One 2019

Young Old

Lemons et al. Plos Biol 2010

Increased glucose and glutamine 
consumption in quiescent 

fibroblasts

Serum 
depletion 
4 & 7 days



Gabriel Sturm Sturm et al. Commun Biol 2023



Increased protein secretion (SASP)

Protein concentration ⬆︎ >30-fold





Secretion of protein & DNA ⬆︎ >10-90-fold



Aging human fibroblasts are HYPERmetabolic

Senescence costs 
(a lot of) energy
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Aging (senescent) cells become hypermetabolic

http://osf.io/zuey2


Aging (senescent) cells become hypermetabolic

But the whole body does not

In fact, whole body energy expenditure declines with age

Pontzer et al. Science 2021

Higher mortality

Fabbri et al. J Gerontol Biol Sci 2015

Schrack et al. J Am Geriatr 2014

Ruggiero et al. J Gerontol 2008



Aging (senescent) cells become hypermetabolic

But the whole body does not

In fact, whole body energy expenditure declines with age

Ferrucci et al. JAGS 2012
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Brain-body Energy 
Conservation (BEC)

Molecular imperfections

Cell senescence
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Brain-body Energy Conservation (BEC)

Organelle-to-organism bioenergetic principles of human aging 
can inform holistic health-promoting interventions

http://osf.io/zuey2


Is the common factor or intersection point ENERGY ?

ENERGY

Do the hallmarks physically intersect in the BRAIN ? 

Modified from 

Lopez-Otin et al. Cell 2023



Brain-body energy conservation (BEC)

ENERGY



Predictions of the BEC model

1. Frailty (loss of functions) is a pro-survival strategy (cancer cachexia), so 
people who can develop/sustain frailty should live longer (women vs men)


2. Costly processing of sensory information may be down regulated to conserve 
energy (sensory deficits)


3. Torpor and energy conservation prolong healthspan/lifespan (Biorxiv 2024)


4. Chronic life stress and social isolation promotes cellular hypermetabolism, 
systemic signals of hypermetabolism (cytokines), and morbidity / accelerated 
physiological aging (Snyder Mackler et al. Science 2020) 


5. Hormones should exist to convey somatic hypermetabolism to the brain 
(GDF15, other cytokines) (Monzel et al. Life Metab 2024)



GDF15 is the most significantly upregulated protein  
in human aging

Tanaka et al. Aging Cell 2020

Null hypothesis

50:50

Lehallier et al. Nature 2019



What does GDF15 mean to the organism?

Expressed in >90%  
of somatic tissues

Triggered by mito 
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Signals on the brainstem, 
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Hypothalamic-pituitary 
adrenal (HPA) axis 

CORTISOL

Sympathetic activation 
Catecholamines (NE)

Lockhart et al. Endocr Rev 2020



What does GDF15 mean to the organism?

Expressed in >50% 
somatic tissues

Triggered by cellular 
stressors (ISR)

Signals on the brainstem, 
energy conservation

GDF15

Activates canonical 
stress axes
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Hypothalamic-pituitary 
adrenal (HPA) axis 

CORTISOL

Sympathetic activation 
Catecholamines (NE)

Monzel et al. Life Metab 2024

Psychological stress 
transiently increases 

GDF15 in humans
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Brain-body energy conservation (BEC)
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