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The proposition we defend

The free concentration of a molecule can matter more than its reported total. We argue that variable albumin binding

is a neglected causal source of differential exposure in selected patients whose laboratory reports look identical.

This is an attack on the assumption that a plasma concentration is a complete description of pharmacological or

metabolic effect. The claim is strongest for specific highly bound compounds with measurable unbound fractions, not

for every nutrient or toxin.

Blood concentrations are often reported as totals even though the free, protein-unbound fraction of a substance may

drive receptor activity, diffusion or toxicity. This article asks whether altered binding becomes a neglected source of

variable response in patients with identical total measurements.

Why the mechanism deserves to be taken seriously

Albumin binds many hormones, drugs, fatty acids and endogenous metabolites. Hypoalbuminemia, competition

among ligands and altered binding affinity can change free exposure without identical change in total concentration.

Renal and hepatic clearance may then adjust over time, creating nonlinear relationships between the initial free

fraction and steady-state concentration. A systems model must account for rapid binding equilibrium, distribution

and elimination together.

The causal argument

Albumin is a reversible carrier for drugs, fatty acids, bilirubin and many endogenous ligands. The biologically active

concentration at an accessible target can depend on unbound fraction, dissociation kinetics, capillary transit and

tissue uptake. But unbound clearance and the volume of distribution also adjust. A simple calculation of free fraction

at one instant is therefore inadequate. A person whose albumin drops may initially experience greater unbound

exposure, yet steady-state unbound concentration may remain nearly unchanged when elimination rises. The

testable hypothesis concerns the circumstances in which clearance cannot fully compensate, especially organ

dysfunction, acute displacement interactions or rapid changes in protein binding.

Causal architecture under closer examination

Albumin binding belongs to equilibrium chemistry and whole-body kinetics simultaneously. Consider a drug with

extensive reversible binding. The unbound fraction can change within minutes when albumin concentration or

competing ligands change. But the apparent effect on exposure depends on what happens next: unbound drug may

distribute to tissues and may be eliminated more quickly. In a low-extraction drug, a rise in free fraction can increase

clearance sufficiently that unbound steady-state concentration changes little; for another drug, altered organ function

or saturable binding may produce a clinically consequential difference. Thus “low albumin causes toxicity” is not a

general pharmacological law. The interesting problem is to identify states where the system’s clearance adjustment

is constrained. Critical illness, renal dysfunction and acute displacement interactions create plausible candidates,

but each drug requires its own kinetics. Even the phrase “free concentration” needs precision because protein

dissociation can support tissue delivery during capillary transit, and unbound plasma exposure is not always

identical to concentration at the molecular target. A strong argument would compare measured unbound

concentration, tissue effect and elimination over time rather than rely on static binding percentages.
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A concrete physiological case

Imagine two patients receiving the same total amount of a highly albumin-bound medication. Total serum levels

match; one patient has critical illness with low albumin, changing renal function and multiple competing ligands. The

relevant question is whether serial unbound levels and drug effect diverge, not whether the albumin number looks

unusual. Free valproate or phenytoin measurement is a concrete pharmacological arena, but interpretation depends

on the drug and the clinical context.

Original conceptual illustration

Imagine two patients with identical total concentration of a highly protein-bound drug, but markedly different albumin

and renal function. Free concentration may differ, yet total drug clearance may also adapt. The experiment cannot

stop at the first measurement. A meaningful pharmacokinetic account follows free fraction, distribution and

elimination across time; otherwise albumin becomes another misleading single-number explanation.

What established physiology already supports

Basic mass-action binding, therapeutic drug monitoring and pharmacokinetics supply the strongest empirical

foundation. The “highway” metaphor becomes useful when it prompts explicit measurement of cargo, carrier, free

fraction, extraction and target effect. It becomes misleading when albumin is portrayed as an independent master

controller of health.

The strongest counterargument—and the answer

The sophisticated objection is that free-drug theory already incorporates binding and that low albumin often changes

total concentration more than unbound steady-state exposure. We accept that constraint and narrow the thesis:

binding matters most where rapid transitions, saturability, altered tissue delivery or clearance impairment produce

unbound exposure differences not predicted from totals. If those differences are absent, adding albumin to a story

explains nothing.

Protein binding is not equally important for every compound. Many drugs have relatively predictable clinical

responses, and an altered free fraction does not always cause a lasting increase in free concentration because

clearance also adapts. The simplistic statement that low albumin always increases toxicity is pharmacokinetically

unsound.

The discriminating experiment

Build within-patient and between-patient pharmacokinetic models that use serial total and free concentrations,

albumin, renal/hepatic function and drug effect. Compare prediction error against models using totals alone. The

claim succeeds only if incorporating dynamic binding materially predicts clinical response or toxicity. A

counterexample with a drug whose free exposure is buffered by clearance should be deliberately included.

The useful test is whether free concentrations, target engagement and clinical outcomes diverge from total levels in

a predictable direction under defined disease conditions. If free exposure is unchanged after clearance

compensation, the hypothesized vulnerability vanishes for that drug.

Decisive comparisons and limits of inference

The albumin thesis is especially testable because it can produce discordant laboratory interpretations. When total

and free concentrations diverge, the model predicts which patients will have unexpected effects at ostensibly

therapeutic total levels. A clinical pharmacology study could record protein concentration, relevant binding

competitors, renal and hepatic function, total and free drug levels and observed responses, then compare dosing

models. It should deliberately include drugs for which binding changes are largely compensated by clearance: a
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theory that cannot accommodate these negative controls is exaggerated. One could also ask whether rapid changes

in nutritional state or inflammation alter free exposure before the next routine drug measurement, but causal

attribution still requires pharmacokinetic support. The larger implication is conceptual: transport is not an inert

pipeline. The carrier determines what is sequestered, what is immediately available, what can cross a barrier and

how quickly elimination can operate. However, measuring albumin alone cannot diagnose malnutrition, toxin burden

or psychiatric vulnerability, and the paper should resist using it that way. Its power lies in converting an apparently

normal total number into a mechanistically complete analysis of free, bound, delivered and cleared fractions.

A second prediction from the original model

A protein-binding explanation predicts discordance between total concentration and unbound target exposure,

corrected for changing clearance. If clinical effects remain aligned with total concentrations, adding binding

complexity may not improve care.

Why the hypothesis matters if correct

The thesis is most powerful in situations where a standard total concentration falsely reassures the clinician about

exposure at a target. Protein binding, free concentration, clearance and tissue transfer are different kinetic variables.

For some drugs the distinction is already part of clinical pharmacology; for others, measuring unbound levels adds

little because clearance compensates. The article should be prepared to say both. Its broader original challenge is

that the same reported amount of a molecule may describe different biological circumstances in two patients. A

circulating carrier is part of the physiological system determining availability, not passive packaging. If dynamic

binding measurements predict adverse reactions or therapeutic failure better than totals in a well-defined subgroup,

the model has practical value. If not, the additional complexity should be abandoned for that molecule. That is a

sharper conclusion than claiming albumin generally controls health. It focuses on where the molecule is, how quickly

it dissociates, whether it reaches its target and how the organism eliminates it.

The clinical and conceptual consequence

The conclusion is not that albumin ought to be raised experimentally, but that routine totals can conceal the relevant

exposure for selected molecules. The more radical clinical question is how many difficult cases attributed to

mysterious sensitivity are actually failures of transport-aware measurement.

Clinical implication: in selected medications, measuring or calculating free drug levels is more informative than total

levels; indiscriminate albumin supplementation or informal dose changes are not supported by this conceptual

argument.

Clinical implication: in selected medications, measuring or calculating free drug levels is more informative than total

levels; indiscriminate albumin supplementation or informal dose changes are not supported by this conceptual

argument.
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Editorial and clinical boundaries

This paper advances a causal thesis and identifies observations that would support or defeat it. It does not establish

a new diagnosis or treatment, and it should not be used to discontinue medically indicated care. Bibliographic entries

inherited from the original edition have not all been independently verified.
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