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Abstract

Smyth et al. examined the association between urinary sodium and potassium excretion and 

adverse renal outcomes in adults at high cardiovascular risk. They found no association between 

urinary sodium excretion and adverse renal outcomes, but a reduced odds of adverse renal 

outcomes with higher urinary potassium excretion. This finding is quite interesting and a major 

advancement from this study. It will be important to ascertain whether this finding holds true in 

individuals free from vascular disease and diabetes, as well as in patients with chronic kidney 

disease.

While numerous studies have examined the relationship between sodium and to a lesser 

extent potassium intake with blood pressure, not much is known regarding the association of 

these electrolytes with renal outcomes. In this issue, Smyth et al.1 examined the association 

between urinary sodium and potassium excretion and adverse renal outcomes, using data 

from the ONTARGET and TRANSCEND trials of 28,879 adults ≥55 years of age at high 

cardiovascular risk. During a median follow-up period of 56 months, there was no 

association between urinary sodium excretion and the odds of the primary (eGFR decline 

≥30% or chronic dialysis) or secondary renal outcomes (eGFR decline ≥40% or chronic 

dialysis, doubling of serum creatinine or chronic dialysis, >5% per year loss of estimated 

glomerular filtration rate (eGFR), progression of albuminuria). However, higher urinary 

potassium excretion was associated with reduced odds of adverse renal outcomes. Compared 

with the lowest potassium excretion (median 1.7 g/day), both moderate (median 2.1 g/day) 

and high (median 2.7 g/day) potassium excretion were associated with a reduction in the 

odds of the primary outcome (OR 0.88, 95% CI 0.84–0.92 and OR 0.74, 95% CI 0.67–0.82, 

respectively). Although the study is observational, it is the first study to prospectively 

examine the association of potassium excretion with renal outcomes.
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Supporting the current findings is a study published earlier this year examining the 

association between 24-hour urinary sodium excretion and renal outcomes in patients with 

chronic kidney disease (CKD). In 800 nondiabetic patients with CKD who participated in 

the Modification of Diet in Renal Disease Study (MDRD) study, there was no independent 

association of sodium excretion with either kidney failure or a composite of kidney failure 

and mortality.2 However, contrary data have also been reported. In the Nurse’s Health study 

of 3296 women with preserved kidney function, higher sodium intake as assessed by a food 

frequency questionnaire was associated with a greater decline in eGFR over a median 

follow-up of 11 years.3 In a post-hoc analysis of 500 patients with chronic kidney disease 

(CKD) who participated in the Ramipril Efficacy in Nephropathy trials, there was a stepwise 

increase in risk of end-stage renal disease (ESRD) with higher 24-hour urinary sodium 

excretion; however, this association was attenuated after adjusting for proteinuria.4

When interpreting the results of the study by Smyth et al.1, it is important to consider 

several limitations, some of which the authors highlighted in their discussion. A single spot 

urine sample was used to estimate 24-hour urinary sodium and potassium excretion, thus 

these values must be interpreted cautiously, as highlighted in a recent commentary5. A 

single spot urine may not be an appropriate reflection of an individual’s usual sodium and 

potassium intake. In addition, the number of subjects in the category of lowest sodium 

excretion (<2 g/d), consistent with recommendations by organizations including Kidney 

Disease: Improving Global Outcomes (KDIGO), was very small (n=818 or 2.8% of the 

population). For the tertile analysis, the low sodium group had a median intake (3.3 g/day) 

that is well above the recommended level for individuals with and without kidney disease, 

according to KDIGO, the National Kidney Foundation Kidney Disease Outcomes Quality 

Initiative (K/DOQI), the American Heart Association, and U.S. Department of Agriculture 

(USDA). The authors concluded that the results do not support recommendations for low 

sodium diets for the prevention of renal outcomes in this population. However, this 

conclusion should be interpreted cautiously, as there were few subjects actually consuming a 

low sodium diet upon which to draw this conclusion. In addition, it is important to consider 

the breadth of evidence supporting that a low sodium diet reduces blood pressure, thus 

recommendations for a low sodium diet should consider potential benefits beyond the renal 

outcomes examined in this analysis.

The finding by Smyth et al that higher potassium excretion was associated with reduced 

odds of adverse renal outcomes is quite interesting and a major advancement from this 

study. Potassium is often the “forgotten electrolyte” overshadowed by sodium in most 

studies. Unlike sodium, the only other evidence available on the association between 

potassium and renal outcomes is from a recent cross-sectional analysis of 13,917 

participants from the National Health and Nutrition Examination Survey (NHANES). 

Similar to the results found by Smyth et al, the participants in the lowest quartile of 

potassium intake, as assessed by 24-hour dietary recall, had a 44% increased odds of CKD.6 

Hence, results from these studies suggest that a diet high in potassium intake may benefit the 

kidney. A meta-analysis of randomized controlled trials of potassium supplementation 

suggests that higher dietary potassium lowers blood pressure.7 The association between 
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higher potassium intake and improved renal outcomes may be mediated by changes in blood 

pressure, other physiological mechanisms, or likely some combination of each.

Figure 1 provides a schematic of the potential physiological mechanisms by which increased 

dietary potassium may reduce adverse renal outcomes. Note, this is somewhat speculative 

and certainly incomplete, drawing from a limited number of animal and epidemiological 

studies. High dietary potassium may be protective via blood pressure lowering, either due to 

increased serum potassium concentration and a subsequent reduction in vascular resistance,8 

or via increased renal kallikrein expression,9 as the kallikrein-kinin sytem promotes 

vasodilation. Reduced vascular resistance may also increase eGFR,8 and kallikrein may 

reduce glomerulosclerotic lesions and tubular injury.9 Alternatively, the benefits of a diet 

high in potassium may not be due directly to potassium, but instead to the anti-oxidant and 

anti-inflammatory properties of a diet high in fruits and vegetables, which may also lower 

blood pressure. In addition, the ratio of potassium and sodium may be important, as the 

blood pressure lowering effect of potassium is greater in the presence of high dietary sodium 

intake.10 The previous study done in the NHANES population found that regardless of the 

sodium intake, a high potassium intake was protective for CKD. The current study by Smyth 

et al. did not examine combinations of urinary sodium and potassium excretion. Finally, the 

association between potassium and renal outcomes may be explained by confounding, such 

that individuals who have more severe renal disease may consume less potassium.

Independent of mechanism, it will be important to ascertain whether this finding holds true 

in individuals free from vascular disease and diabetes, as well as in a population comprised 

entirely of patients with CKD (approximately 30–40% of participants in this study had a 

baseline eGFR <60 ml/min/1.73 m2). Future research, including well conducted randomized 

controlled trials, will be required to determine if higher potassium intake is indeed protective 

against adverse renal outcomes. In addition, the relation between sodium and potassium 

intake needs to be more rigorously evaluated, as not only the intake of each electrolyte 

alone, but rather the ratio of the two, may be important in mediating outcomes.

Acknowledgments

This work was supported by the National Institute of Diabetes and Digestive and Kidney Disease (NIDDK) grant 
K23 DK087859 and the American Heart Association award #13BGIA16850035.

References

1. Smyth A, Dunkler D, Gao P, et al. Relationship between estimated sodium and potassium excretion 
and subsequent renal outcomes: analysis of ONTARGET and TRANSCEND. Kidney Int. 2014

2. Fan L, Tighiouart H, Levey AS, et al. Urinary sodium excretion and kidney failure in nondiabetic 
chronic kidney disease. Kidney Int. 2014

3. Lin J, Hu FB, Curhan GC. Associations of diet with albuminuria and kidney function decline. Clin J 
Am Soc Nephrol. 2010; 5:836–843. [PubMed: 20299364] 

4. Vegter S, Perna A, Postma MJ, et al. Sodium intake, ACE inhibition, and progression to ESRD. J 
Am Soc Nephrol. 2012; 23:165–173. [PubMed: 22135311] 

5. He FJ, MacGregor GA. Cardiovascular disease: salt and cardiovascular risk. Nat Rev Nephrol. 
2012; 8:134–136. [PubMed: 22249780] 

Jablonski and Kendrick Page 3

Kidney Int. Author manuscript; available in PMC 2015 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



6. Sharma S, McFann K, Chonchol M, et al. Association between dietary sodium and potassium intake 
with chronic kidney disease in US adults: a cross-sectional study. Am J Nephrol. 2013; 37:526–533. 
[PubMed: 23689685] 

7. Geleijnse JM, Kok FJ, Grobbee DE. Blood pressure response to changes in sodium and potassium 
intake: a metaregression analysis of randomised trials. J Hum Hypertens. 2003; 17:471–480. 
[PubMed: 12821954] 

8. Lin HB, Young DB, Smith MJ Jr. Stimulation of renin release by hyperkalemia in the nonfiltering 
kidney. Am J Physiol. 1991; 260:F170–F176. [PubMed: 1996669] 

9. Katori M, Majima M. The renal kallikrein-kinin system: its role as a safety valve for excess sodium 
intake, and its attenuation as a possible etiologic factor in salt-sensitive hypertension. Crit Rev Clin 
Lab Sci. 2003; 40:43–115. [PubMed: 12627748] 

10. Whelton PK, He J, Cutler JA, et al. Effects of oral potassium on blood pressure. Metaanalysis of 
randomized controlled clinical trials. JAMA. 1997; 277:1624–1632. [PubMed: 9168293] 

Jablonski and Kendrick Page 4

Kidney Int. Author manuscript; available in PMC 2015 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Potential physiological mechanisms by which higher dietary potassium may be protective 

against adverse renal outcomes.
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