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Continuousdistributionof bloodpressure(BP) responsesto 7-day
changesin dietarysalt in the Genetic EpidemiologyNetwork of Salt Sensitivity 

(GenSalt) study

Elijovich F. et al. Hypertension, 2016, 68, e7 - e46 

3 g NaCl/d 18 g NaCl/d



Salt sensitivity of blood pressure - definition



Sodium sensitivity ς
definition, classification and frequency

Hypertension, 1986



Metods of testing for salt sensitivity

Kurtz T. W. et al., J. Am. Heart  Assoc., 2017, 6: e005653  



Reproducibility in classifying subjects as salt-sensitive 
or non-salt sensitive on repeat testing

Kurtz T. W. et al., J. Am. Heart  Assoc., 2017, 6: e005653  



Clinical phenotype and prevalence
of salt-sensitivity 

More insulin resistant



Survival in relation to salt-sensitivity
and presence of hypertension

Hypertension, 2001



Mean arterial pressure decreases in response to salt depletion         
in normotensive (open bars) and hypertensive (hatched bars) individuals at 

different age decades

Elijovich F. et al. Hypertension, 2016, 68, e7 - e46 



Effects of sodium reduction (from high to low sodium levels 
in the control diet) on systolic blood pressure by subgroup in the Dietary 

Approaches to Stop Hypertension(DASH)- sodium trial

Elijovich F. et al. Hypertension, 2016, 68, e7 - e46 
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Arthur Guyton (1919 ς2003) ςAmerican physiologist 
author of the pressure-natriuresistheory
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Arthur Guyton (1919 ς2003) ςAmerican physiologist 
author of the pressure-natriuresistheory



Arthur Guyton (1919 ς2003) 
and RuthGuyton(1922-2003)

All 10 of the Guyton children wentinto medical school, received 
M.D. degrees and went into academic or private practice



Elijovich F. et al. Hypertension, 
2016, 68, e7 - e46 

Interaction between sodium load, natriuretic 
and antinatriuretic systems, natriuresis and blood pressure 



Elijovich F. et al. Hypertension, 
2016, 68, e7 - e46 

Sodium resistant 

Sodium sensitive 

Interaction between sodium load, natriuretic 
and antinatriuretic systems, natriuresis and blood pressure 



Pressure-natriuresis relationship in normotensive
and hypertensive subjects

Hall J.E. et al. J. Am. Soc. Nephrol., 1999, 10, 258-265



Pressure-natriuresis relationship in normotensive
and hypertensive subjects - Guyton concept



Salt sensitivity is a phenotype, genetically determined



Role of the kidneys in the pathogenesis
of salt sensitive hypertension



Role of genetic factors in the pathogenesis
of salt sensitivity
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Kurtz T. W. et al., Curr. Opin. Nephrol. Hypertens., 2018, 27, 83 - 92 



Historical and new concept
of salt-induced hypertension

Kurtz T. W. et al.,
Curr. Opin. Nephrol.

Hypertens., 2018, 27, 83 - 92 



Kurtz T. W. et al.,
Curr. Opin. Nephrol.

Hypertens., 2018, 27, 83 - 92 

Changes in renal vascular resistance, 
sodium excretion and blood pressure 

during initiation of salt-induced
hypertension



Haemodynamic changes induced by 7 days of high sodium diet
in sodium sensitive and sodium resistant subjects

Morris R.C. et al. Circulation, 2016, 133, 881 - 893



Role of the increased vascular resistance in the 
pathogenesis of salt sensitivity

Kurtz T. W. et al., J. Hypertens., 2017, 35, 2214 - 2225  



Endothelial responses to high salt intake
affect arteriolar vasodilation and BP

Feng W. et al., J. Am. Soc. Nephrol., 2017, 28, 1362 - 1369



High salt ςinduced production of NO
is impaired in the Dahl SS rats

Feng W. et al., J. Am. Soc. Nephrol., 2017, 28, 1362 - 1369



Age-associated shift of the modulation 
of renal and vascular effects of MBG by ANP

AlGhatrif M. et al., Med. Clin. North. Am., 2017, 101, 81 - 101



Structure of marinobufagenin (MBG) (A) and Na/K- ATPase 
with binding sites for MBG (B). Interaction between RAAS and 

MBG in the pathogenesis of salt-sensitive hypertension (C)  

AlGhatrif M. et al. Med. Clin. North Am., 2017, 10, 81 - 101



Fujita T., J. Am. Soc. Nephrol., 2014, 25, 1148-1155 



Rac 1 is a modulator of MR activity and serves 
as a determinator of salt-sensitive hypertension

Fujita T., J. Am. Soc. Nephrol., 2014, 25, 1148-1155 



Kawarazaki W. and Fujita T., Am. J. Hypertens., 2016, 29, 415 - 423 

The mechanism underlying obesity ςrelated
hypertension and kidney impairment 



The BP-natriuresiscurveisslantedand shiftedto the right,
in obesesubjectsindicatingimpairedrenal-pressurenatriuresis

Kawarazaki W. and Fujita T., Am. J. Hypertens., 2016, 29, 415 - 423 



High salt intake increases the risk of obesity

Kawarazaki W. and Fujita T., Am. J. Hypertens., 2016, 29, 415 - 423 



Physiol. Rep., 2017, 5(7), e13162



Increased blood pressure in rats receiving 
high salt diet with 20% of fructose

Gordish K.L. et al., Physiol. Rep., 2017, 5(7), e13162



Increased sodium excreation is blunted 
in rats receiving 20% fructose plus high sodium diet

Gordish K.L. et al., Physiol. Rep., 2017, 5(7), e13162



NO2/NO3 excretion (marker of NO synthesis)
is blunted in rats receiving high salt diet and 20% fructose

Gordish K.L. et al., Physiol. Rep., 2017, 5(7), e13162



Wilck N. et al., Nature, 2017, 551, 585-589

Role of gut microbiome in the pathogenesis
of salt sensitive hypertension



High salt diet (HSD) alters the faecal microbiome
and depletes Lactobacillus murinus

Wilck N. et al., Nature, 2017, 551, 585-589



High salt diet affects blood pressure, TH17 cells
and Lactobacillus speciesin healthy humans

Wilck N. et al., Nature, 2017, 551, 585-589



Treatment with Lactobacillus ameliorates salt
-sensitive hypertension and reduces the number of Th17 cells

Wilck N. et al., Nature, 2017, 551, 585-589



Wilck N. et al., Nature, 2017, 551, 585-589



Wyatt C. Y. and Crowley S. M. Kidney Int., 2018, 93, 532 - 534 

Proposed mechanisms
of salt-sensitive hypertension



Inflammation and renal sodium transporters  

Wenzel U.O. et al.,
Br. J. Pharmacol.,
2018, in press



Rucker A.J. et al., Annu. Rev. Physiol., 2018, 80, 283 - 307 

Effects of salt on the immune cell phenotype 



Foss J.D. et al., Am. J. Physiol., 2017, 312, R1 - R4 

Salt affects immune system
and promotes hypertension 



Rucker A.J. et al.,
Annu. Rev. Physiol.,
2018, 80, 283 - 307 

Proposed roles of  T- lymphocytes 
in hypertension and salt sensitivity 
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Anti-VEGF-C

Anti-Ç Actin

LSD HSD
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Imcreased sodium content in the skin,
assesed by the MRI method



Wenzel U.O et al.,
Br. J. Pharmacol.,
2018, in press

Salt and hypertension ςnew concepts

Hypertension
and end organ damage
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½ŀƭŜȍƴƻǏŏ ǇƻƳƛťŘȊȅ ǎƻŘƻ-ȊŀƭŜȍƴȅƳ ƴŀŘŎƛǏƴƛŜƴƛŜƳ ǘťǘƴƛŎȊȅƳ 
ŀ ǿȅǎǘťǇƻǿŀƴƛŜƳ ǇƻǿƛƪƱŀƵ ǎŜǊŎƻǿƻ-naczyniowych i nerkowych

Galletti F. and Strazzullo P., Nephrol. Dial. Transplant., 2016, 31, 1386 - 1391 



Elijovich F. et al. Hypertension, 2016, 68, e7 - e46 



High salt loading induces tubular injury 
and renal interstitial fibrosis in Dahl SS rats

Wei S.Y. et al., SCIENTIFIC REPORTS/7:45952/



Wei S.Y. et al., SCIENTIFIC REPORTS/7:45952/

High salt loading induces glomerular injury
with progressive glomerulosclerosis in Dahl SS rats



Huang B. et al., SCIENTIFIC REPORTS/6/21960



Increased TNF alfa secretion and abundance 
of TNF alfa in the renal medulla in salt sensitive rats

Huang B. et al., SCIENTIFIC REPORTS/6/21960



Etanercept infused directly to the kidney recuses
blood pressure in rats with salt sensitive hypertension

Huang B. et al., SCIENTIFIC REPORTS/6/21960



Huang B. et al., SCIENTIFIC REPORTS/6/21960

Etanerceptinfused directly to the kidney reduces glomerular
injury and interstitial fibrosis in rats with salt sensitive hypertension





Potential involvement of Ets -1 in the pathogenesis
of hypertension associated kidney disease

Gigliotti J.C. and Le Th.H, J. Am.Soc. Nephrol., 2017, 28, 3131-3133


