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High salt intake: detrimental not only for blood pressure,
but also for bone health?
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Both sodium and chloride are essential nutrients.

Notwithstanding, high daily ingestions of sodium chloride

(NaCl) can exert adverse health effects. Increasing NaCl

intake is associated with rising blood pressure, not only in

adults [1], but also in children and adolescents, even in

those with blood pressure levels in the low-normal range

[2]. While it becomes obvious that the amount of NaCl in

daily diet is related to the risk of cardiovascular events,

influences of NaCl intake on other health outcomes are less

well examined. In this issue of Endocrine, Kim et al. pre-

sent data from the 2008 to 2011 Korea National Health and

Nutritional Examination Surveys, showing that high uri-

nary sodium excretion was significantly associated with

low BMD and high prevalence of osteoporosis in lumbar

spine in postmenopausal women [3].

This is not the first report on an inverse relationship

between salt intake and bone status densitometrically de-

termined as BMD. Similar findings have also been de-

scribed for young women cross-sectionally [4] and

postmenopausal women longitudinally [5]. However,

overall evidence is still rather low, due to (i) lacking in-

terventional confirmation and (ii) the fact that several

surveys did not find significant inverse relationships be-

tween salt intake and BMD. What, on the other hand, is

regularly observed along with an increased salt intake, is a

rise in renal calcium excretion (for the literature, refer to

[3]). In this context, most authors speculate that the cor-

responding calcium loss is not appropriately compensated

by an elevation in intestinal absorption, hence leading to a

negative calcium balance with concomitant bone loss.

While negative calcium balances cannot be fully excluded,

a meta-analysis of few, small-scale nutritional intervention

studies (e.g., [6]) on the impact of higher dietary acid

loading on the body’s calcium balance suggests that the

known clear increase in renal calcium loss with elevations

in net acid excretion (NAE) is largely intestinally com-

pensated [7].

High sodium intake and high dietary or metabolic acid

loading have two important things in common. Both induce

a so called low grade metabolic acidosis, i.e., a moderate

shift of blood pH and blood bicarbonate buffer to lower

levels, usually still within the ‘‘normal healthy’’ range [8,

9]. The high renal sodium excretion following high NaCl

ingestion causes an adaptive (renal physiological) reduc-

tion in tubular reabsorption of sodium bicarbonate

(NaHCO3), thus reducing our most important circulating

buffer system NaHCO3. Corresponding NaHCO3 reduc-

tions also occur after dietary acid loading, i.e., through

increases in potential renal acid loads (PRAL), bio-

chemically measurable as renal NAE increases. The con-

sequences of either form of low grade metabolic acidosis

are increases in glucocorticoids, i.e., cortisol levels, as have

been reported for high salt intake [10–12] and observed for

dietary (orally) acidification in adults [13] as well as in

children of our DONALD study [manuscript in prepara-

tion]. These glucocorticoid elevations are only of moderate

magnitude, however in the long-term, if habitually high

PRAL diets or high NaCl amounts are ingested—or even

both are combined—an accordingly raised cortisol activity

will not be without consequences. Consequences of such

mild forms of glucocorticoid increases can be a substantial

worsening of cardiometabolic risk factors, e.g., low-density

lipoprotein-cholesterol increases or hyperglycemia, as

& Thomas Remer

remer@uni-bonn.de

1 Department of Nutritional Epidemiology, Institute of

Nutrition and Food Science (IEL), University of Bonn,

DONALD Study Centre, Dortmund, Germany

123

Endocrine (2015) 49:580–582

DOI 10.1007/s12020-015-0626-6

http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-015-0626-6&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-015-0626-6&amp;domain=pdf


recently observed in children with obesity [14]. Various

lifestyle, socioeconomic, and environmental causes [15]

have additionally been reported to trigger functional hy-

percortisolism, i.e., moderate glucocorticoid elevations

with potential negative skeletal and cardiovascular effects

[16]. The mere quantification of cortisol (in blood, urine, or

saliva) may not always suffice to appropriately identify

functional hypercortisolism. For this, the additional mea-

surement of cortisone can be particularly useful, since

cortisone is efficiently activated to cortisol in many tissues

and it increasingly emerges as an important player in glu-

cocorticoid-mediated endocrine effects [17–19].

Only recently we could show in healthy children that

moderately elevated cortisol and cortisone metabolites—

still fully within the normal physiological range—are in-

dependently associated with lower BMD and bone strength

parameters at the proximal radius [19]. The proof of such

subtle long-term effects does usually require a number of

sophisticated methodological efforts regarding sample

collection (e.g., 24-h urines), dietary recording (e.g., 3-day

weighed dietary records), and specific biomarker and hor-

mone metabolite measurements (e.g., gas chromatography–

mass spectrometry steroid profiling) which can explain that

not every study will uncover corresponding physiological

relationships between bone status and moderate elevations

of glucocorticoids or other biomarkers. Nonetheless,

similar results have been obtained also for healthy young

adults [20] as well as elderly [17] showing that even a mild

hypercortisolism or -cortisonism may be sufficient to pro-

duce detrimental effects on bone health.

Thus, moderate glucocorticoid elevations (definitively

not of acute clinical relevance) may represent an important

mechanism responsible for detrimental long-term influ-

ences of high salt intake (or high dietary PRAL) on BMD,

bone health, and later fracture risk [21]. Obviously, such

slightly elevated glucocorticoid levels—as potential me-

diators—could at least partly also explain why high salt

diets cause blood pressure increases too.

The question remains at which level of daily intake the

detrimental long-term influences of NaCl become relevant.

According to the current view, NaCl intakes[5 g/day are

already associated with an increased risk for cardiovascular

events related to higher blood pressure. In the study of Kim

et al., estimated average daily NaCl intake of the studied

postmenopausal women was 9 g/day which is almost the

same intake level as in a current German survey [22],

indicating that at current ‘‘normal’’ NaCl intake levels not

only an increased risk for development of hypertension

exists, but possibly also for an advancing osteopenia.

The so far obtained results of prospective and cross-

sectional studies on varying NaCl intake and long-term

bone health are still inconsistent. However, the current

study of Kim et al. along with a number of data on bone’s

susceptibility against only moderate glucocorticoid eleva-

tions, which in turn can be induced by high NaCl intake,

strongly suggests that high salt ingestion in the long run

probably promotes BMD reductions and osteoporosis.

Acknowledgments Parts of the work cited herein from the author’s

institution were supported by a collaborative research Grant from the

German Research Foundation (DFG) (RE 753/7-2; WU 148/7-2).

Conflict of interest The author has no conflict of interest.

References

1. M. O’Donnell, A. Mente, S. Yusuf, Sodium intake and cardio-

vascular health. Circ. Res. 116, 1046–1057 (2015)

2. L. Shi, D. Krupp, T. Remer, Salt, fruit and vegetable consumption

and blood pressure development: a longitudinal investigation in

healthy children. Br. J. Nutr. 111, 662–671 (2014)

3. S.-W. Kim, J.-H. Jeon, Y.-K. Choi, W.-K. Lee, I.-R. Hwang, J.-G.

Kim, I.-K. Lee, K.-G. Park, Association of urinary sodium/

creatinine ratio with bone mineral density in postmenopausal

women: KNHANES 2008-2011. Endocrine (2015). doi:10.1007/

s12020-015-0532-y

4. J.L. Bedford, S.I. Barr, Higher urinary sodium, a proxy for intake,

is associated with increased calcium excretion and lower hip bone

density in healthy young women with lower calcium intakes.

Nutrients 3, 951–961 (2011)

5. A. Devine, R.A. Criddle, I.M. Dick, D.A. Kerr, R.L. Prince, A

longitudinal study of the effect of sodium and calcium intakes on

regional bone density in postmenopausal women. Am. J. Clin.

Nutr. 62, 740–745 (1995)

6. Z.K. Roughead, L.K. Johnson, G.I. Lykken, J.R. Hunt, Controlled

high meat diets do not affect calcium retention or indices of bone

status in healthy postmenopausal women. J. Nutr. 133,
1020–1026 (2003)

7. T.R. Fenton, A.W. Lyon, M. Eliasziw, S.C. Tough, D.A. Hanley,

Meta-analysis of the effect of the acid-ash hypothesis of osteo-

porosis on calcium balance. J. Bone Miner. Res. 24, 1835–1840
(2009)

8. L.A. Frassetto, R.C. Morris, A. Sebastian, Dietary sodium chlo-

ride intake independently predicts the degree of hyperchloremic

metabolic acidosis in healthy humans consuming a net acid-

producing diet. Am. J. Physiol. Ren. Physiol. 293, F521–F525
(2007)

9. T. Remer, D. Krupp, L. Shi, Dietary protein’s and dietary acid

load’s influence on bone health. Crit. Rev. Food Sci. Nutr. 54,
1140–1150 (2014)

10. E.N. Ehrlich, Reciprocal variations in urinary cortisol and al-

dosterone in response to increased salt intake in humans. J. Clin.

Endocrinol. Metab. 26, 1160–1169 (1966)

11. G. Wambach, C. Bleienheuft, G. Bönner, Sodium loading raises

urinary cortisol in man. J. Endocrinol. Invest. 9, 257–259 (1986)

12. S. Lewicka, M. Nowicki, P. Vecsei, Effect of sodium restriction

on urinary excretion of cortisol and its metabolites in humans.

Steroids 63, 401–405 (1998)

13. M. Maurer, W. Riesen, J. Muser, H.N. Hulter, R. Krapf, Neu-

tralization of Western diet inhibits bone resorption independently

of K intake and reduces cortisol secretion in humans. Am.

J. Physiol. Renal Physiol. 284, F32–F40 (2003)

14. F. Prodam, R. Ricotti, V. Agarla, S. Parlamento, G. Genoni, C.

Balossini, G.E. Walker, G. Aimaretti, G. Bona, S. Bellone, High-

end normal adrenocorticotropic hormone and cortisol levels are

Endocrine (2015) 49:580–582 581

123

http://dx.doi.org/10.1007/s12020-015-0532-y
http://dx.doi.org/10.1007/s12020-015-0532-y


associated with specific cardiovascular risk factors in pediatric

obesity: a cross-sectional study. BMC Med. 11, 44 (2013)

15. P.H. Kann, M. Münzel, P. Hadji, H. Daniel, S. Flache, P. Nyar-

ango, A. Wilhelm, Alterations of cortisol homeostasis may link

changes of the sociocultural environment to an increased diabetes

and metabolic risk in developing countries: a prospective diag-

nostic study performed in cooperation with the Ovahimba people

of the Kunene region/northwestern Namibia. J. Clin. Endocrinol.

Metab. 100, E482–E486 (2015)

16. G. Tirabassi, M. Boscaro, G. Arnaldi, Harmful effects of func-

tional hypercortisolism: a working hypothesis. Endocrine 46,
370–386 (2014)

17. M.S. Cooper, H.E. Syddall, C.H. Fall, P.J. Wood, P.M. Stewart,

C. Cooper, E.M. Dennison, Circulating cortisone levels are as-

sociated with biochemical markers of bone formation and lumbar

spine BMD: the Hertfordshire Cohort Study. Clin. Endocrinol.

(Oxf) 62, 692–697 (2005)

18. T. Remer, C. Maser-Gluth, Simultaneous measurements of uri-

nary free cortisol and cortisone for the assessment of functional

glucocorticoid activity. Clin. Chem. 53, 1870–1871 (2007)

19. L. Shi, A. Sánchez-Guijo, M.F. Hartmann, E. Schönau, J. Esche,

S.A. Wudy, T. Remer, Higher glucocorticoid secretion in the

physiological range is associated with lower bone strength at the

proximal radius in healthy children: importance of protein intake

adjustment. J. Bone Miner. Res. 30, 240–248 (2015)

20. J.L. Bedford, S.I. Barr, The relationship between 24-h urinary

cortisol and bone in healthy young women. Int. J. Behav. Med.

17, 207–215 (2010)

21. G.A. Greendale, J.B. Unger, J.W. Rowe, T.E. Seeman, The re-

lation between cortisol excretion and fractures in healthy older

people: results from the MacArthur studies-Mac. J. Am. Geriatr.

Soc. 47, 799–803 (1999)

22. S.A. Johner, M. Thamm, R. Schmitz, T. Remer, Current daily salt

intake in Germany: biomarker-based analysis of the representa-

tive DEGS study. Eur. J. Nutr. (2014). doi:10.1007/s00394-014-

0787-8

582 Endocrine (2015) 49:580–582

123

http://dx.doi.org/10.1007/s00394-014-0787-8
http://dx.doi.org/10.1007/s00394-014-0787-8

	High salt intake: detrimental not only for blood pressure, but also for bone health?
	Acknowledgments
	References




