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At the level of the cell, good selection has a name. Metabolic flexibility — the capacity to switch fuels as demand 
changes — is what state agility looks like in the tissues, and its loss is where much of chronic disease begins. 

What Metabolic Flexibility Is 

The abstract idea of energy-state selection has a concrete cellular expression, and it is one of the most 
important concepts in modern metabolic health: metabolic flexibility. It is the capacity of the body to switch 
between fuels — to burn fat when fat is abundant and demand is low, to burn carbohydrate when intensity is 
high, to shift toward ketones during fasting — matching fuel selection to the changing supply of substrate and 
demand for energy (Goodpaster & Sparks, 2017). A flexible metabolism reads its situation and selects the 
appropriate fuel; an inflexible one is stuck. 

This is, quite literally, energy-state selection at the cellular scale. The whole-body states of this series — 
mobilization, assimilation, recovery — each call for a particular pattern of fuel use, and metabolic flexibility is 
the cellular machinery that delivers the right fuel for each. The fed-to-fasted transition, the rest-to-exercise 
transition, the shift from a carbohydrate-rich to a fat-rich meal: each is a state change that a flexible metabolism 
executes smoothly and an inflexible one performs poorly. The cell, in miniature, faces the same selection 
problem the organism faces. 

Seeing metabolic flexibility this way unifies it with the master skill. It is not a separate metabolic curiosity but 
the tissue-level face of the same competence — the capacity to select and switch appropriately — that the 
series has argued is the target of health. When we speak of a person becoming better at selecting energy states, 
part of what we mean, at the cellular level, is that their metabolism has become more flexible, more able to 
match fuel to demand across the situations of a day. 

The concept also gives the abstract idea of 
selection an objective, measurable anchor. 
Metabolic flexibility can be assessed — 
through the respiratory exchange ratio 
during controlled feeding and exercise, 
through the glucose response to a meal, 
through the capacity to shift substrate use 
under challenge. This makes the cellular 
face of selection something that can be 
tracked and improved, not merely 
described, which is essential for a program 
that insists on measurement. The glucose 
curve of a continuous monitor, for instance, 
is in part a readout of this flexibility. 

It is worth pausing on how counterintuitive 
this is against the usual language of 
metabolism. We tend to describe good 
metabolic health in terms of levels — a 
normal fasting glucose, a healthy lipid panel 
— as though the goal were to hold certain 
values steady. Metabolic flexibility reframes 
the goal as the capacity to change: to move 
fuels appropriately as the situation shifts, 
spiking and clearing cleanly rather than 
holding any single value fixed. Health, here 
too, lives in the dynamics and the switching 
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rather than in the steadiness, which is precisely the reframing this series has urged at every level, from the 
whole-body states down to the individual cell. 

 

A Multi-Organ Competence 

Metabolic flexibility was once thought to be mainly a property of skeletal muscle, the tissue whose fuel use 
shifts most dramatically between rest and exercise. That view has broadened decisively. Contemporary work 
recognizes metabolic flexibility as a systemic, multi-organ competence, expressed across skeletal muscle, liver, 
heart, brain, and adipose tissue, each of which must switch fuels appropriately and all of which must coordinate 
their switching for the organism as a whole to remain flexible (Perspectives on metabolic flexibility, 2025). 

This multi-organ character matters because it means metabolic flexibility is a whole-body signature, not a local 
one. The liver’s capacity to switch between storing and releasing glucose, the heart’s ability to burn whatever 
fuel is available, the brain’s use of ketones during fasting, and adipose tissue’s regulated release of fatty acids 
all participate in a coordinated system. Flexibility is the property of that coordinated whole, and its loss in any 
major node — insulin resistance in muscle, fat accumulation in the liver — degrades the flexibility of the entire 
system. 

The systemic view aligns metabolic flexibility precisely with the whole-body energy-state selection this series 
describes. Just as the organism selects among mobilization, assimilation, and recovery by coordinating many 
systems at once, metabolic flexibility is the coordinated fuel-switching of many organs, and the two are deeply 
linked: the whole-body state a person selects sets the fuel demand that their organs must flexibly meet. 
Metabolic flexibility is, in effect, the metabolic execution of the state the brain has selected. 

Understanding flexibility as multi-organ also explains why it is such a sensitive barometer of health. A 
competence distributed across every major metabolic tissue, and requiring their coordination, is vulnerable to 
disruption at many points, and its degradation reflects trouble somewhere in the system before that trouble 
has produced a named disease. This is what makes metabolic flexibility, and its measurable signatures, an early 
and informative window on the state of a person’s regulatory economy — a theme the diagnostics article 
develops. 

 

Inflexibility as Disease 

If flexibility is the cellular signature of health, then metabolic inflexibility is the cellular signature of disease, and 
the connection is now well established. The core defect of insulin resistance can be described as a metabolic 
inflexibility: a failure to switch appropriately between fuels, so that the tissues do not shift to burning glucose 
when insulin signals abundance, nor cleanly to fat when it signals scarcity. The mismatch between fuel 
availability and fuel oxidation is a defining feature of the metabolically unwell state (Metabolic flexibility and 
inflexibility, 2024). 

This inflexibility appears early in the trajectory toward cardiometabolic disease, often before conventional 
diagnostic thresholds are crossed. A metabolism that has begun to lose its flexibility — spiking and lingering 
after a meal, failing to draw down fat between meals — is a metabolism heading toward trouble, and it can be 
detected in the dynamics of its fuel handling well before a fasting glucose or an HbA1c would flag it. Inflexibility 
is, in a sense, the functional prodrome of metabolic disease, visible in how the system switches long before it 
is visible in a static value. 

Read through this series’ framework, metabolic inflexibility is being stuck at the cellular level — the fuel-
switching equivalent of the stuck whole-body states of Article 2. A metabolism locked onto one fuel, unable to 
shift with demand, is in the same predicament as an organism locked in mobilization or unable to enter 
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recovery: it has lost the capacity for context-appropriate change that defines health. The same pathology of 
rigidity that afflicts the whole-body selector afflicts the cellular one, and for the same underlying reason.  

This parallel is more than an analogy; the two levels are causally linked. A person chronically stuck in the wrong 
whole-body states — perpetually stressed, poorly recovered, metabolically overloaded — imposes on their cells 
a pattern of fuel demand that erodes cellular flexibility, while cellular inflexibility in turn constrains the whole-
body states the person can effectively enter. Rigidity at one level feeds rigidity at the other, which is part of why 
the stuck states of chronic disease are so self-reinforcing, and why restoring flexibility often requires acting at 
both levels at once. 

 

Mitochondria as the Switch 

The physical machinery of metabolic flexibility is, in large part, the mitochondrion. It is in the mitochondria that 
fuels are actually oxidized, and the capacity to switch cleanly between burning fat and carbohydrate depends 
on the number, quality, and adaptability of a cell’s mitochondrial network. A robust network switches fuels 
readily; a depleted or damaged one becomes rigid, unable to accommodate shifting demand. The 
mitochondrion is the cellular switch on which flexibility ultimately runs (Picard & Shirihai, 2022).  

This connects metabolic flexibility directly to the mitochondrial adaptations developed in the mobilization 
series. The same exercise-driven mitochondrial biogenesis and quality control that build endurance also build 
the substrate of metabolic flexibility, which is why physical training so reliably improves the capacity to switch 
fuels. Mitohormesis — the adaptive response to the transient stress of exertion — expands and cleans the 
network that flexibility depends on, tying the flexibility of the cell to the deliberate selection of the active state 
(Gunawan et al., 2025). 

The mitochondrial basis of flexibility also explains its links to aging and to the other energy states. Mitochondrial 
quality is a shared substrate across mobilization, assimilation, and recovery: the network that exercise builds is 
the one that recovery repairs and that digestion fuels, and its condition determines the flexibility available to 
all three states. An improvement in mitochondrial health through any one pillar enhances metabolic flexibility 
across the board, which is one mechanism by which the pillars compound. 

Because the mitochondrion is the switch, its decline is felt as a loss of flexibility. Damaged, inefficient 
mitochondria leak more reactive species, waste more energy, and switch fuels less cleanly, and their 
accumulation — a recognized hallmark of aging — manifests as the metabolic rigidity of older tissue (López-
Otín et al., 2023). Conversely, interventions that preserve or restore mitochondrial quality restore flexibility, 
which is why the mitochondrion sits at the center of both the mechanism and the treatment of metabolic 
inflexibility. 

 

Flexibility Declines with Age — and Responds to Training 

Metabolic flexibility, like the other capacities in this series, tends to decline across the lifespan. Older 
metabolisms switch fuels less readily, clear meals more sluggishly, and draw down fat less efficiently, part of 
the broad loss of adaptive capacity that characterizes aging. This decline is not merely cosmetic; it underlies 
much of the rising cardiometabolic risk of later life, and it is a concrete instance of the loss of selection capacity 
— cellular stuckness accumulating with the years. 

Crucially, though, metabolic flexibility is trainable, and it responds to the same behavioral levers that build the 
other capacities. Exercise, by building the mitochondrial network, is among the most powerful stimuli for 
restoring flexibility. Periods of fasting and the deliberate variation of fuel availability challenge the switching 
machinery and improve it. Attention to the timing of meals aligns fuel demand with the body’s rhythms and 
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enhances flexible handling (Chrononutrition and circadian rhythms, 2025). The capacity to switch fuels, like the 
capacity to select states, can be built. 

The trainability of metabolic flexibility is visible in its dynamic signatures. As a person becomes more flexible 
through training and appropriate feeding, their glucose excursions after meals shrink and clear faster, their 
capacity to burn fat at rest improves, and their metabolism handles the transitions of the day more smoothly 
— changes readable in the continuous glucose traces that have made metabolic dynamics visible outside the 
laboratory. The improvement can be measured, which means it can be pursued and confirmed rather than 
merely assumed. 

This trainability is what makes metabolic flexibility a target rather than merely a marker. It is not a fixed feature 
of a person’s constitution but a capacity they can build and preserve through the deliberate selection of the 
active state, the appropriate timing of feeding, and the recovery that maintains the mitochondrial substrate. In 
the language of the program, improving metabolic flexibility is improving the cellular face of energy-state 
selection — one of the concrete things that optimizing the master skill actually accomplishes. 

 

The Metabolic Half of the Picture 

Metabolic flexibility is the cellular answer to one part of the selection problem: which fuel. It determines 
whether the tissues can supply the right substrate for whatever state the body enters, switching cleanly 
between fat and carbohydrate as mobilization, assimilation, and recovery each demand. It is the metabolic 
execution of state selection, and its presence or absence is much of what separates a body that can enter its 
states effectively from one that cannot. 

But which fuel is only half of the picture. The other half is which branch and how fast — the rapid, whole-body 
autonomic switching that shifts the organism between sympathetic and parasympathetic configurations, sets 
the pace of transitions, and determines whether the body can change states in seconds rather than minutes. 
Metabolic flexibility supplies the fuel appropriate to a state; autonomic flexibility executes the shift into and 
out of the state itself. The two are complementary faces of the same underlying competence. 

Together they constitute what flexible selection looks like in the tissues: a metabolism that switches fuels 
appropriately and a nervous system that switches states rapidly and reversibly. A person strong in both can 
select and execute their energy states with precision; a person weak in either is constrained, however good 
their intentions. The two flexibilities are the physiological substance of the master skill, and both are 
measurable, trainable, and predictive of health. 

The next article turns to the autonomic half — the fast selector that reconfigures the whole body between 
states, indexed by heart rate variability, and central to both the aging of the organism and the levers by which 
selection can be improved. With the cellular and systemic faces of flexibility both established, the series will 
have the physiological foundation it needs to turn to the individuality of selection and, ultimately, to its 
measurement and optimization. 
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