The kidney’s distal tubule potassium switch, modern diet, and hypertension

Hypertension is the leading global cause of premature mortality and disability. While genetic
predisposition and excessive dietary sodium have long been regarded as principal etiologic
factors, accumulating evidence indicates that inadequate dietary potassium makes an equally
important contribution. The mechanistic basis for this contribution is multifactorial and complex.
Still, the recent elucidation of a signaling module in the distal convoluted tubule — the “potassium
switch” —highlights a critical pathway with implications for preventing and treating hypertension.
The potassium switch is an evolutionarily conserved, potassium-sensing circuit. A Kir4.1/5.1
potassium channel senses extracellular potassium changes in the peritubular space of distal
nephron cells and transduces this information into intracellular signaling via With-No-Lysine
(WNK) kinases. WNK activation initiates a phosphorylation cascade that proceeds through SPAK
and culminates in modulation of the thiazide-sensitive sodium—chloride cotransporter (NCC).
Functionally, this pathway reduces renal potassium excretion by increasing sodium reabsorption
upstream, thereby preserving potassium when intake is limited. The potassium switch is optimally
adapted to the feast-and-famine diets, low-sodium, high-potassium diets characteristic of our
hunter—gatherer ancestors. Under conditions of chronic low dietary potassium — a feature of
many contemporary, sodium-rich diets — the kidney persistently engages this conservation
program. The resulting sustained sodium retention directly contributes to elevated arterial
pressure, thereby amplifying the burden of cardiovascular disease associated with salt-sensitive
hypertension. In this talk, | present the current understanding of the potassium switch, from ion
sensing through kinase signaling to transporter regulation, and examine how these mechanisms
cause the kidney to adapt to modern dietary patterns at the expense of blood pressure
homeostasis. | conclude by considering translational implications, including dietary potassium
repletion and targeted modulation of the WNK-SPAK-NCC axis, as potential strategies for
prevention and treatment of hypertension.



