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AbstrAct 

Nephrolithiasis research and care have been focused 
on biochemical changes in urinary solute excretion 
leading to stone formation, but abnormalities in urine 
chemistry alone do not explain many aspects of the 
condition of patients with kidney stone disease. Evi-
dence exists of an association with metabolic syn-
drome, obesity, diabetes and hypertension, and of en-
hanced risk of chronic kidney disease and metabolic 
bone disease. Very recently also a higher risk of car-
diovascular events and damage has been reported in 
kidney stone formers when compared with non-stone 
formers. 
It is time to view nephrolithiasis as a condition pre-
dictive of chronic kidney disease and cardiovascular 
damage, which deserves full metabolic evaluation to-
gether with an early prevention care strategy, mainly 
consisting of dietary and lifestyle changes, in a multi-
disciplinary approach. Kidney stone disease should be 
considered as a systemic disorder with clinical rele-
vance beyond symptomatic urinary tract obstruction. 
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IntroductIon

Nephrolithiasis is a quite common disease, with a high ten-
dency to recurrence, with a lifetime prevalence of 10% in 
men and 5% in women, and which is steadily increasing 
worldwide (1, 2). The prevalence of kidney stone disease 

has increased in parallel with the blistering epidemics of 
obesity, type 2 diabetes mellitus and metabolic syndrome 
which is characterized by insulin resistance and a cluster of 
features including dyslipidemia, hyperglycemia, hyperten-
sion and overweight or obesity. 
Sever colic pain is the most common onset of the disease. 
Less often, patients present with silent ureteral obstruction, 
unexplained persistent urinary infection and/or painless he-
maturia. Though their clinical presentations may be the same 
– generally as urinary tract obstruction – kidney stones are 
not all the same, and neither are their causes, treatment, pre-
vention and associated diseases. Calcium oxalate or calcium 
phosphate represents the most prevalent stone composition 
(70%-80%), whereas uric acid is present in almost 10%-15% 
of cases. The prevalence of infection-related struvite (mag-
nesium ammonium phosphate) is decreasing (approximately 
10%-15%), whereas the overall prevalence of cystine is 1%-
2%, though it is much more frequent in childhood and ado-
lescence. Finally, stones may rarely be composed of indinavir, 
triamterene, xanthine or hydroxyadenine (<1% of cases). 
All types of nephrolithiasis are at risk for chronic kidney 
disease (CKD), and up to now, stones and their compli-
cations have represented the underlying renal disease in 
3% of dialysis patients. In addition, a higher risk of bone 
disease exists, especially for calcium stone patients. Ac-
tually, many conditions that lead to stone formation are 
associated with bone disease – namely, primary hyper-
parathyroidism, renal tubular acidosis, medullary sponge 
kidney, malabsorption syndromes, immobilization, a low 
calcium or high animal protein diet, etc. (3). Very recent-
ly, several papers have suggested a link between kidney 
stones and increased cardiovascular risk
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KIdney stones And systemIc dIsorders

Kidney stone patients may develop CKD, but the risk fac-
tors in the general population are poorly defined. To this aim 
Saucier et al compared stone patients with CKD to matched 
stone patients without CKD. The former were significantly 
more likely than controls to have a history of diabetes (41.5% 
vs. 17.0%), hypertension (71.7% vs. 49.1%), frequent urinary 
tract infections (22.6% vs. 6.6%), struvite stones (7.5% vs. 
0%) and allopurinol use (32.1% vs. 4.7%) (4). So, as expected 
in the general population, hypertension, diabetes and gout 
are associated with an increased risk of CKD among patients 
with kidney stones, whereas urinary tract infection and stru-
vite stones are other unique predictors. This is one more piece 
of evidence suggesting a strong association between kidney 
stone disease and several risk factors for cardiovascular dis-
ease, namely arterial hypertension, obesity and diabetes (5-
10). All of these conditions may have a common background, 
namely an insulin resistance status that is believed to cause 
the so-called metabolic syndrome. Actually, metabolic syn-
drome is associated with nephrolithiasis, especially that of 
uric acid. The association between insulin resistance and uric 
acid stone disease (11, 12) can be explained by a defect in 
urine acidification, namely to an impaired l-glutamine system 
and reduction of Na+-K+ transport at the proximal tubule. This 
change results in very low urine pH leading to critical urine 
supersaturation for uric acid. A defect of the Na+-K+ and H+ 
transport systems can cause reduction of citrate excretion 
(13), and, on the other hand, insulin may also affect renal han-
dling of calcium and phosphate: as a whole it is well in keep-
ing with an increased risk of calcium stone formation, as well 
(Fig. 1).
So, it is not surprising that insulin resistance favors forma-
tion of uric acid and calcium stones and that they are likely 
associated with metabolic syndrome, overweight, hyperten-
sion and diabetes – all conditions that are widely linked to 
insulin resistance. 
Accordingly, a recent study by Rendina et al (14) demon-
strated that recurrent calcium oxalate stone formers with 
metabolic syndrome have clinical and biochemical features 
significantly different from those observed in calcium oxalate 
stone formers without metabolic syndrome – namely, higher 
calcium and oxalate and lower citrate excretion – and that uri-
nary supersaturation of calcium oxalate salts appears to be 
dependent on the elevated dietary sodium intake in patients 
with metabolic syndrome. When reduction in sodium intake is 
implemented, a substantial reduction in the saturation index 
occurs. These results may have a large clinical impact and 
practical relevance, underlining the need for dietary sodium 

restriction worldwide. These conclusions are well in keeping 
with the recent demonstration that a low-salt diet can reduce 
calcium excretion in hypercalciuric stone formers (15), and 
they underline the major role of dietary sodium restriction in 
the management of kidney stone patients. 
In summary, the association of kidney stone disease with 
several traditional cardiovascular risk factors has already 
been described by many authors, so the hypothesis arises 
as to whether renal stone patients are also at higher car-
diovascular risk. However, clinical trials studying hard out-
comes such as mortality or cardiovascular events are not 
yet available, though some interesting reports have recently 
been published in the literature (16, 17).

KIdney stones And cArdIovAsculAr 
 dIseAse 

Besides the known association of kidney stones with sys-
temic metabolic abnormalities and with CKD, the results of 
studies in very recent papers are in keeping with the hypoth-
esis that kidney stone patients are at increased risk for coro-
nary heart disease and cardiovascular damage, as well.
Domingos and Serra (16) examined the Fourth Portuguese 
National Health Survey to detect possible associations be-
tween nephrolithiasis and cardiovascular damage in 23,349 
Portuguese adults. The prevalence of kidney stone disease 
was found to be 7.3%, and as expected, the prevalence 
of hypertension was higher in stone formers than in non–
stone formers (50.4% vs. 30.2%), as was the prevalence of 
obesity and diabetes. But the most important finding was 
that the risks of myocardial infarction and stroke were 34% 
and 33% greater, respectively, in stone formers than in non–
stone formers, even after adjusting for age and body mass 
index. The authors concluded that history of kidney stones 
is associated with a higher prevalence of chronic diseases 
and adverse cardiovascular outcomes when compared with 
non–stone formers. 
This represents an independent confirmation of an associa-
tion between nephrolithiasis and coronary heart disease in a 
large-scale population and also reports an increased preva-
lence of stroke in kidney stone formers. Another interesting 
finding of this study is that the age of diagnosis of neph-
rolithiasis preceded the age of diagnosis of diabetes and 
other cardiovascular outcomes, in most cases by several 
years. So it seems that nephrolithiasis may occur early in 
life in individuals with a greater predisposition for the future 
development of diabetes or cardiovascular events.
Rule et al (17) followed an incident myocardial infarction 
group of 4,564 incident stone formers and 10,860 matched 
control subjects, identified from the Olmsted County (Min-
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nesota, United States) general population between 1984 
and 2003. Myocardial infarction occurred in 96 stone form-
ers and in 166 control subjects – that is, stone formers were 
at 43% increased risk for myocardial infarction in unadjust-
ed analysis. However, increased risk for myocardial infarc-
tion persisted when analysis was adjusted for age and sex 
(+38%), further adjusted for CKD (+38%) and fully adjusted 
for all comorbidities (+31%).
This finding is very important and should prompt nephrolo-
gists to view kidney stone disease as a metabolic disorder 
predictive of cardiovascular events – that is, with clinical rel-
evance beyond symptomatic urinary tract obstruction.
The Coronary Artery Risk Development in Young Adults 
(CARDIA) study (18) examined the association between uri-
nary stone disease and subclinical carotid atherosclerosis. 
In a population of young to middle-aged white and African-
American adults, a history of kidney stones was associated 
with increased thickness of the internal carotid/bulb region 
wall, and also with a composite measure of carotid stenosis 
and internal carotid wall thickness. 
However, after adjustment for the full set of vascular risks, 
the association between kidney stones and subclinical ath-
erosclerosis was attenuated, suggesting that atherosclero-
sis and nephrolithiasis may operate in part through multiple, 
shared pathogenic mechanisms.
In summary, the natural history of nephrolithiasis entails the 

risk of both recurrence and development of chronic renal and/
or bone disease, and finally of cardiovascular events. This is 
the reason why a clinical and metabolic evaluation of these 
patients is of utmost importance, including cardiovascular risk 
assessment. Many health professionals should be involved in 
the management of patients suffering from nephrolithiasis, 
which represents a model of multidisciplinary care (Fig. 1) 
(3). A full metabolic evaluation allows health professionals to 
plan medical treatment firstly based on lifestyle and dietary 
changes, targeting both stone recurrence prevention and car-
diovascular protection.

the nutrItIonAl ApproAch to  
nephrolIthIAsIs pAtIents 

Despite previously observed associations between individ-
ual dietary factors and kidney stone risk (19), few investi-
gations have studied the impact of overall diet or dietary 
patterns on nephrolithiasis risk. The Dietary Approaches to 
Stop Hypertension (DASH) diet, which is high in fruits and 
vegetables, moderate in low-fat dairy products and low in 
animal protein has potential as a means of kidney stone pre-
vention. The consumption of fruits and vegetables increases 
urinary citrate, a major inhibitor of calcium stone formation, 
and a diet with normal to high calcium content but low ani-
mal protein and sodium content decreases the risk of cal-

Fig. 1 - Possible network of the 
associations between kidney 
stones and chronic kidney dis-
ease and cardiovascular dis-
ease.
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cium oxalate stone recurrence by 51% (20).
The relation between a DASH-style diet (including a low so-
dium component and low carbohydrate intake in the form of 
lower sweetened beverage consumption) and the risk of inci-
dent kidney stones was assessed in a prospective study (21) 
including 3 large cohorts: the Health Professionals Follow-up 
Study (HPFS), the Nurses’ Health Study I (NHS I), and the 
Nurses’ Health Study II (NHS II), where, in a combined 50-year 
follow-up, 5,645 new symptomatic stones were recorded. 
Subjects in the highest quintile of DASH score had higher in-
takes of calcium, fluid, oxalate, potassium, magnesium and 
vitamin C than participants in the lowest quintile, whereas ani-
mal protein intake was similar across quintiles of DASH score. 
Higher DASH score was associated with a reduced risk of 
incident kidney stones in both age-adjusted and multivariate 
regression models. These results did not change even when 
participants with hypertension or diabetes at baseline or dur-
ing follow-up were excluded.
The authors concluded that consumption of a DASH-style 
diet high in fruits and vegetables, moderate in low-fat dairy 
products and low in sodium and in animal protein, but includ-
ing a substantial amount of plant protein from legumes and 
nuts, was associated with a marked decrease in the risk of 
incident kidney stones. This relation was independent of age, 
body size, hypertension, diabetes, thiazide use, and intakes of 
total calories, fluid, caffeine and alcohol. Although the majority 
of incident kidney stones likely were calcium oxalate, the fea-
tures of the DASH-style diet may lower the risk of other stone 
types, as well, namely uric acid ones.
So the links between kidney stones and cardiovascular risk 
exist not only from an epidemiological and physiopathological 
point of view, but also as far as a basic dietary approach is 
concerned. 
The DASH diet as a means of kidney stone prevention in-
cludes beneficial effects on arterial blood pressure and on 
LDL-cholesterol levels. Modifications to the original DASH 
diet, including lower sodium intakes or reducing the carbohy-
drate content of DASH with either plant protein or unsaturated 
fat (as studied in the Optimal Macronutrient Intake Trial to Pre-
vent Heart Disease) (22), would be expected to increase (or at 
least not decrease) the effectiveness of the original DASH diet 
as a means of stone prevention. 
Many of these dietary characteristics are the same as those 
of the “Mediterranean diet” (23). The few dietary intervention 
studies performed until now have demonstrated that adop-
tion of a Mediterranean-type diet reduces several cardiovas-
cular risk factors in subjects at risk (primary prevention) and/
or cardiovascular events or mortality in patients after a first 
cardiac event (secondary prevention), but, unfortunately, there 
have not been any clinical trials that demonstrate efficacy in 

the prevention of stone recurrences. Nevertheless, beneficial 
effects are likely expected, similar to the effects on cardiovas-
cular risk (24).
In summary, stone patients should be advised to increase 
fluid intake to at least 2 L daily and reduce sodium intake to 
2,300 mg and protein intake to 0.8-1.0 g/kg of body weight 
per day, since these dietary interventions have reduced stone 
recurrence in randomized trials (2). Calcium intake should not 
be reduced below the recommended intake for sex and age 
and should be supplied by food rather than by supplements, 
which may increase the risk of stone formation. 
The importance and efficacy of low-salt intake has been re-
marked by Nouvenne et al, who evaluated the effect of a low-
salt diet on urinary calcium excretion in hypercalciuric patients 
affected by idiopathic calcium nephrolithiasis (15).  

FInAl comments

Nephrolithiasis research and care has been mainly focused 
on biochemical changes in urine solute composition lead-
ing to stone formation, but abnormalities in urine chemistry 
alone do not explain many aspects of kidney stone disease. 
It is time to view nephrolithiasis as a systemic disorder, pre-
dictive of chronic kidney disease and cardiovascular dam-
age. These conditions potentially affect a patient’s progno-
sis, but early preventive care, mainly consisting of dietary 
and lifestyle changes, may represent a successful preven-
tive strategy. 
Nephrolithiasis should be considered as a systemic disor-
der with clinical relevance beyond symptomatic urinary tract 
obstruction (25). This involves important public health impli-
cations for patients with kidney stones with respect to car-
diovascular risk assessment, which needs the involvement 
of different health professionals and specialists. In the con-
text of a multidisciplinary approach to nephrolithiasis, the 
nephrologist plays a key role in the successful management 
of kidney stone patients (26).

Financial support: None.

Conflict of interest statement: No conflict of interest is declared.

Address for correspondence:
Adamasco Cupisti, MD, PhD
Division of Nephrology
Department of Internal Medicine
University of Pisa
Via Roma 67
56126 Pisa, Italy 
acupisti@med.unipi.it



S29© 2011 Società Italiana di Nefrologia - ISSN 1121-8428  

JN (2011; :S18) S25- S2924EPHROL

reFerences

Coe FL, Evan A, Worcester EM. Kidney stone disease. J Clin 1. 
Invest. 2005;115:2598-2608.
Coe FL. Calcium kidney stones. N Engl J Med. 2010;363:954-2. 
963.

3. Croppi E, Cupisti A, Lombardi M, et al.; Gruppo di Studio 
Multidisciplinare per la Calcolosi Renale. Diagnostic and 
therapeutic approach in patients with urinary calculi. G Ital 
Nefrol. 2010;27:282-289. 

4. Saucier NA, Sinha MK, Liang KV, et al. Risk factors for chron-
ic kidney disease in persons with kidney stones: case-con-
trol study in Olmsted County, Minnesota. Am J Kidney Dis. 
2010;55:61-68.
Cappuccio FP, Strazzullo P, Mancini M. Kidney stones and 5. 
hypertension: Population-based study of an independent 
clinical association. Br J Med. 1990;300:1234-1236.
Cupisti A, Morelli E, Meola M, Cozza V, Parrucci M, Bar-6. 
sotti G. Hypertension in kidney stone patients. Nephron. 
1996;73:569-572.
Borghi L, Meschi T, Guerra A, et al. Essential arterial hyper-7. 
tension and stone disease. Kidney Int. 1999;55:2397-2406.
Hamano S, Nakatsu H, Suzuki N, et al. Kidney stone dis-8. 
ease and risk factors for coronary heart disease. Int J Urol. 
2005;12:859-863.
Taylor EN, Stampfer MJ, Curhan GC. Obesity, weight gain, 9. 
and the risk of kidney stones. JAMA. 2005;293:455-462.
Taylor EN, Stamper MJ, Curhan GC. Diabetes mellitus and 10. 
the risk of nephrolithiasis. Kidney Int. 2005;68:1230-1235. 
Abate N, Chandalia M, Cabo-Chan AV Jr, Moe OW, Sakhaee 11. 
K. The metabolic syndrome and uric acid nephrolithiasis: 
novel features of renal manifestation of insulin resistance. 
Kidney Int. 2004;65:386-392.  
Rendina D, Mossetti G, De Filippo G, et al. Association 12. 
between metabolic syndrome and nephrolithiasis in an in-
patient population in southern Italy: role of gender, hyper-
tension and abdominal obesity. Nephrol Dial Transplant. 
2009;24:900-906. 
Cupisti A, Meola M, D’Alessandro C, et al. Insulin resistance 13. 
and low urinary citrate excretion in calcium stone formers. 
Biomed Pharmacother. 2007;61:86-90. 

Rendina D, De Filippo G, Zampa G, Muscariello R, Mossetti 14. 
G, Strazzullo P. Characteristic clinical and biochemical profile 
of recurrent calcium-oxalate nephrolithiasis in patients with 
metabolic syndrome. Nephrol Dial Transplant. 2010 Novs 4. 
[Epub ahead of print].

Nouvenne A, Meschi T, Prati B, et al. Effects of a low-salt diet 15. 
on idiopathic hypercalciuria in calcium-oxalate stone form-
ers: a 3-mo randomized controlled trial 1–3. Am J Clin Nutr. 
2010;91:565-570.

Domingos F, Serra A. Nephrolithiasis is associated with an 16. 
increased prevalence of cardiovascular disease. Nephrol Dial 
Transplant. 2011;26:864-868.

Rule AD, Roger VL, Melton LJ 3rd, et al. Kidney stones asso-17. 
ciate with increased risk for myocardial infarction. J Am Soc 
Nephrol. 2010;21:1641-1644. 

Reiner AP, Kahn A, Eisner BH, et al. Kidney stones and sub-18. 
clinical atherosclerosis in young adults: the CARDIA study. J 
Urol. 2011;185:920-925.

Borghi L, Meschi T, Maggiore U, Prati B. Dietary therapy in 19. 
idiopathic nephrolithiasis. Nutr Rev. 2006;64:301-312.

Borghi L, Schianchi T, Meschi T, Guerra A, Allegri F, Maggiore 20. 
U, Novarini A. Comparison of two diets for the prevention of 
recurrent stones in idiopathic hypercalciuria. N Engl J Med. 
2002;346:77-84.

Taylor EN, Fung TT, Curhan GC. DASH-style diet associ-21. 
ates with reduced risk for kidney stones. J Am Soc Nephrol. 
2009;20:2253-2259.

Appel LJ, Sacks FM, Carey VJ, et al.  Effects of protein, 22. 
monounsaturated fat, and carbohydrate intake on blood 
pressure and serum lipids: results of the OmniHeart random-
ized trial. JAMA. 2005;294:2455-2464.

23. Vernaglione L. The Mediterranean diet: a matter of his-
tory, tradition, culture and health. J Nephrol. 2009;22(Suppl 
14):149-158.

24. Lairon D. Intervention studies on Mediterranean diet and car-
diovascular risk. Mol Nutr Food Res. 2007;51:1209-1214.

25. Sakhaee K. Nephrolithiasis as a systemic disorder. Curr Opin 
Nephrol Hypertens. 2008;17:304-309.

Marangella M. A nephrologist’s tasks in nephrolithiasis. G Ital 26. 
Nefrol. 2005;22:16-27.  


