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Kidney stones are a disorder that could be termed
social because of its vast diffusion and growing
incidence in wealthy industrialized countries.1

Many international studies have shown that this
condition affects just less than 10% of the popula-
tion, constituting an expense of approximately 2
billion dollars a year in hospital admissions in the
UnitedStates alone.2 In somecases, it is the conse-
quence of specific hereditary or acquired diseases,
such as cystinuria, primary hyperoxaluria, medul-
lary sponge kidney, primary hyperparathyroidism,
and infections or anatomic malformations of the
kidneys and urinary tract. However, the most
common form is idiopathic calcium nephrolithiasis
(ICN), with the formation of calcium oxalate stones,
sometimesmixedwith calciumphosphate andwith
a prevalence of approximately 80%. The distribu-
tion by sex shows the frequency to be slightly high-
er in men.3 The pathogenesis of ICN includes
genetic and acquired factors that interact to cause
biochemical urinary abnormalities that lead to the
formation of kidney stones. A high rate of supersat-
urations of calcium oxalate and/or calcium phos-
phate leads to the formation of crystalline nests
that can grow and join together to form a stone.
The urinary elements and compounds, both inhibi-
tors and activators, involved in the crystallization
process are known as lithogenic urinary risk
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factors. For calcium oxalate, the lithogenic urinary
risk factors are low urinary volume (<2 L/d), hyper-
calciuria (>250 mg/d), hyperoxaluria (>40 mg/d),
hyperuricosuria (>600 mg/d), hypocitraturia (<320
mg/d), and hypomagnesuria (<50 mg/d). For
calcium phosphate, in addition to the above, the
most important factors are hyperphosphaturia
(>1000 mg/d) and urinary pH. A pH more than
7 favors the formation of kidney stones primarily
comprising phosphates, whereas a pH between
6 and 7 associated with a urinary volume of less
than 1 L/d can dangerously increase the supersat-
uration of calcium phosphate and lead to the
formation of mixed Ca-oxalate and Ca-phosphate
stones. Last, in the case of uric acid–induced stone
disease, another common formwith a frequency of
10%to15%, the factors involvedarehyperuricosu-
ria and pH less than 5.5. Of the various lithogenic
urinary risk factors, the most commonly observed
in patients with ICN is hypercalciuria, with a preva-
lence of approximately 50%. Regarding the age of
onset, there are 2 peaks: between 20 and 30 years
and between 50 and 60 years.4

The presence of a genetic substrate does not,
however, detract from the role of lifestyle: dietary
habits and lifestyle have a direct effect on the litho-
genic urinary risk factors and the pathogenesis of
this condition. This article examines the role of
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lifestyle in the prevention and treatment of calcium
and uric acid kidney stones. This article specifi-
cally analyzes the relationship between (1) kidney
stones and dietary habits, (2) kidney stones and
body weight, (3) kidney stones and exercise, (4)
kidney stones and stressful life events, and (5)
particular causes.

KIDNEY STONES AND DIETARY HABITS

For many years now, diet has been known to play
a key role in the development of kidney stones.
Some authors postulate that the changes in the
Western-style diet in recent decades have contrib-
uted substantially in increasing the prevalence of
this condition. As this article shows, the foun-
dations of an antilithogenic diet are correct intake
of water, protein, salt, fruits and vegetables, milk
and dairy products, carbohydrates, fats, and
vitamins.

The Role of Water

The Equil program5 makes it possible to simulate
the changes in relative saturation of calcium
oxalate, calcium phosphate, and uric acid when
the urinary volume is increased from 0.5 to 3.0 L/d,
keeping constant all the other urinary parameters
involved in the calculation of the saturation point
(Fig. 1). Such a urine composition reflects that
seen in a healthy subject on a Western-style diet.
With diuresis less than 1 L/d, even the urine of
a normal subject reaches extremely high supersat-
uration levels, certainly high enough to promote
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Fig. 1. Influence of urinary volume on the relative
saturation for calcium oxalate, calcium phosphate,
and uric acid. Simulations are made with the Equil
program. Except volume, the other urinary parame-
ters (pH, sodium, potassium, calcium, magnesium,
ammonium, phosphorous, sulfate, oxalate, citrate,
and uric acid) are kept constant. A value above 1 indi-
cates supersaturation.
spontaneous crystallization of the lithogenic salts.
If, on the other hand, the volume is kept more
than 2.5 L/d, the urine becomes undersaturated
for calcium phosphate and uric acid (<1) and only
slightly supersaturated for calcium oxalate, making
spontaneous crystallization impossible.6 Given
that, in the context of these physiologic variations
in diuresis, ion excretion is largely independent of
the urinary volume, this example simulates very
closely what actually happens when water intake
is high.7 Moreover, the increase in diuretic volume
does not affect the activity of the antilithogenic
inhibitor molecules; in fact, the aggregation
capacity of the crystals after an oxalate load is far
lower in dilute urine than in concentrated urine.8,9

Although for many years the only advice given to
patients with kidney stones was to increase their
water intake, there is only 1 randomized controlled
study focusing on this practice, and it showed
a significant reduction in the relapse rate and an
increase in the time to relapse in patients whose
urinary volumewasconstantlymore than2L/d.10,11

However, large epidemiologic studies have indi-
cated high urinary volume as an efficacious means
of prevention in the general population, reducing
the risk by 29% to 39%.12–14

An increase in fluids is, therefore, efficacious
because it (1) reduces the urinary concentration
of calcium, oxalate, and uric acid with a conse-
quent reduction in the supersaturation of calcium
oxalate, calcium phosphate, and uric acid; (2)
increases the urinary tolerance to the oxalate
load; (3) reduces the urinary concentration of
macromolecules without altering their inhibitory
power; and (4) increases the clearance of crystals
and post–extracorporeal shockwave lithotripsy
fragments.
The Role of Other Beverages

Whereas the role of water is now widely accepted,
the role of other beverages is still controversial in
literature. Most studies evaluated a surrogate
end point (ie, lithogenic urinary risk factors), and
there are little data available on studies with
a long follow-up evaluating the effect on the onset
or relapse of kidney stones.15

Beverages that exert a positive effect by raising
pH, citrate, and/or urinary volume are available on
the market (eg, freshly squeezed/industrially
produced orange or lemon juice, coffee, green
tea, beer, and wine). Blueberry juice is particularly
useful in the treatment of infected stone disease,
partly, because of its acidifying capacity.16

Other beverages increase oxalate (eg, tea) or are
prolithogenic because of the mechanisms that are
yet unclear (such as grapefruit and apple juice, and
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cola). In connection with this, because of the
amount and frequency of consumption, soft drinks
deserve a mention: recent studies have identified
an increased risk of calcium- and uric acid–related
stone disease because of soft drink consumption,
probably because of their fructose, sucrose, and
phosphoric acid contents.17–20

The sport and energy drinks, whose consump-
tion in the Western countries is rising, constitute
a category a part. The literature provides few and
often contradictory studies evaluating the litho-
genic urinary risk factors21,22: the energy/sport
drinks rich in sodium, carbohydrates, and caffeine
could increase the risk of kidney stones. However,
further studies are required.
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Fig. 2. Relationship between urinary sodium and
calcium in 743 men normotensive with ICN.
The Role of Proteins

The results of large epidemiologic studies are
contradictory: whereas in a large cohort study of
healthy men, a protein intake of more than 75 g/d
led to a 33% increase in risk,12 in the Nurses’
Health Study (NHS) II study conducted on approx-
imately 100,000 healthy women, an intake of more
than 78 g led to a 16% reduction in risk. However,
animal proteins have a different effect compared
with that of plant proteins, and the prevalence of
kidney stones among vegetarians is half that
among the general population.23 Two randomized
controlled trials have studied the effects of a low-
protein diet with a long follow-up. The first24

studied, for 4 years, 99 patients at high risk for
kidney stones randomized to receive either
mineral water therapy alone or a low-protein,
high-fiber diet. Recurrence was greater in the latter
group than among controls. However, this study
presents many biases, including a higher water
intake in the control group, poor compliance with
the low-protein diet, and differences in the calcium
and fiber intakes between the 2 groups. The
second study, conducted by the research group of
this article,25 followed up 120 patients, for 5 years,
randomized to receive either a low-calcium diet or
a low-protein, low-salt, and normal-calcium diet.
In the latter group, the relapse rate was signifi-
cantly lower (40% vs 20%). However, for this
study, it was not possible to distinguish the protec-
tive effect of the reduction in protein from the
increase in calcium and the reduction in sodium.

But why is it useful to limit animal proteins in any
case?Adiet containing toomuchprotein cancause
(1) hypercalciuria because of an increase in intes-
tinal absorption of calcium, an increase in bone re-
absorption, and a reduction in tubular calcium
reabsorption; (2) hyperoxaluria because of an
increase in intestinal absorption and in the endoge-
nous production of oxalate; (3) hyperuricosuria
because of an increase in the intake and endoge-
nous production of purines; and (d) hypocitraturia
and reduction in pH caused by an increase in the
fixed acid load.

The Role of Salt

Because of the difficulties in quantifying salt in diet
questionnaires, the data available in the literature
are contradictory. There is a direct relationship
between calciuria and sodiuria (Fig. 2), and data
exist26 that a 2-g increase in dietary salt causes
a 40-mg (1 mmol) increase in calciuria in healthy
subjects and an 80-mg (2 mmol) increase in calciu-
ria in patients with hypercalciuric kidney stones. It
also has a cumulative effect with proteins.

The authors also recently demonstrated that
a moderately low-salt diet is able to correct hyper-
calciuria in subjects with calcium stone disease
with hypercalciuria.27 Moreover, the same reduc-
tion in salt normalizes urinary oxalate values in
patients with mild hyperoxaluria.28

So why salt must be reduced? Too much salt
can lead to (1) hypercalciuria because of a reduc-
tion in the tubular reabsorption of calcium both
with a direct mechanism and as a consequence
of the expansion in the extracellular volume, the
mobilization of bone calcium, and an increase in
the intestinal reabsorption; and (2) hypocitraturia
because of cellular potassium deficiency and an
increase in acid load.29,30

The Role of Fruits and Vegetables

Fruits and vegetables can have an antilithogenic
effect. Their beneficial effects are related to the
specific chemical/physical and nutritional charac-
teristics of these foods, which have a high water,
potassium, and magnesium content; a low sodium
chloride content; and a high alkalinization power
because of the presence of bicarbonate and
citrate. A high potassium and magnesium intake
reduces the risk of kidney stones by up to
50%.13,14
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In 2004, the authors demonstrated that depriva-
tion of fruits and vegetables can cause a significant
reduction in citraturia and an increase in calciuria
even in healthy subjects, whereas, conversely,
supplementationof fruits andvegetables inpatients
at high risk for hypocitraturic stonediseasecorrects
the deficiency.31 Recently, 2 large cohort studies
confirmed this experimental evidence.32,33 Taylor
and colleagues assessed the diets of approxi-
mately 240,000 subjects participating in 3 large
cohort studies: Health Professionals Follow-Up
Study, NHS I, and NHS II.
These authors defined a Dietary Approaches to

Stop Hypertension (DASH) score based on 8
components: a high intake of fruits, vegetables,
nuts and legumes, low-fat dairy products, and
whole grains and a low intake of sodium, sweet-
ened beverages, and red and processed meats.
Over a combined 50 years’ follow-up, they docu-
mented that higher DASH scores were associated
with a marked decrease in the risk of kidney
stones.
In a recent study conducted in 2010, Taylor and

colleagues33 found that a DASH-style diet was
associated with an increased urinary output,
regardless of the fluid intake. They speculated
that higher urinary volumes were a result of the
higher food water content and reported that
a high dietary intake of fruits and vegetables was
linked to increased urinary citrate levels and higher
urinary pH.
So why is it useful to increase the consumption

of fruits and vegetables? A deficiency of alkaline
potassium, magnesium, and fiber in the diet can
cause (1) hypercalciuria because of a reduction
in the tubular reabsorption of calcium, excess
free intestinal calcium, and mobilization of bone
calcium; (2) hypocitraturia because of the deple-
tion of intracellular potassium with consequent
mild intracellular acidosis; and (3) promotion of
the tendency to crystallization of calcium oxalate
caused by a deficiency in magnesium with conse-
quent hypomagnesuria.
The Role of Milk and Dairy Products

Calcium intake is known to cause an 8% increase
in calciuria in controls and a 20% increase in
subjects prone to kidney stones.34 However,
a restriction in dietary calcium is not advisable in
patients at high risk for kidney stones. Indeed, in
a large number of subjects, a low-calcium diet
does not reduce calciuria, and by reducing the
calcium intake, it increases the intestinal absorp-
tion of oxalate and hence oxaluria. Last, very often,
the imposed reduction of dairy products leads to
an increase in the patients’ protein intake.35,36
Curhan and colleagues, in the previously
mentioned NHS II study, evaluated approximately
100,000 healthy women and reported a 35%
reduction in risk when calcium intake exceeded
1098 mg/d.
In our study,25 the relapse rate was significantly

lower in patients on a normal-calcium, low-protein,
low-salt diet than in patients on a low-calcium diet,
both in subjects at high and low risk of relapse.
Dietary calcium deficiency can lead to a reduc-

tion in calciuria because of lower intestinal absorp-
tion but also an increase in calciuria because of
a loss in calcium from the bone. Last, the reduced
concentration of calcium in the distal intestine
causes an increase in free oxalate because of
absorption and hence hyperoxaluria.
The Role of Carbohydrates, Fats, and Vitamins

It is well known that glucose load causes a rise in
urinary calcium level and the entity of this effect
is greater in patients at high risk for kidney stones
and their families than in controls.37

A simple intake of sugar is associated with an
increase in the risk of stone disease in women
but not in men. Insulin may affect the tubular reab-
sorption of calcium. Insulin resistance, metabolic
syndrome, and type 2 diabetes have been associ-
ated with kidney stones, particularly those caused
by uric acid. Indeed, insulin resistance can inter-
fere with the renal production of ammonia and
cause a decrease in pH, with a concomitant reduc-
tion in citrate and precipitation of uric acid crystals.
Moreover, optimal glycemic control in patients
with diabetes leads to a significant reduction in
calciuria.
It has also been suggested that a relationship

exists between fats and kidney stones: a high-
fat, high-cholesterol diet can cause stone disease
in rats, and fat intake correlates with oxalate
excretion. In contrast, a good intake of fish oil,
a source of omega-3 fatty acids, reduces not
merely calciuria and oxaluria but also certain
proinflammatory cytokines.38–41

The vitamins thought to be involved in the litho-
genic risk are vitamins D, C, B6, and A. Certain
subjects with idiopathic hypercalciuria have
excess vitamin D in their blood with an increase
in the intestinal absorption of calcium. However,
epidemiologic studies with long follow-ups did
not show any association between vitamin D
intake and the lithogenic risk; indeed in the indus-
trialized countries, a vitamin D deficiency is more
likely because of the little time spent
outdoors.42,43

Over the past decade, vitamin C supplementa-
tion has becomeacommonpractice in theWestern
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countries. Ascorbic acid is an oxalate precursor,
and therefore, an excessive intake is to be discour-
aged in subjects with kidney stones (a maximum
dosage of 1500 mg/d is recommended).

Vitamin B6 is involved in oxalic acid metabo-
lism, and a deficiency causes an increase in the
endogenous production of oxalate. Use of vitamin
B6 supplement can be considered to treat
hyperoxaluria.44,45

Vitamin A is an antioxidant and reduces the cell
damage caused by crystal deposition. In animal
trials but not on humans, vitamin A supplementa-
tion reduces the lithogenic risk and increases cit-
raturia, despite that its mechanism is unknown.46
KIDNEY STONES AND BODY WEIGHT

The role of body weight, body mass index (BMI),
and body composition in determining the lithogenic
risk remains a subject for debate. Large epidemio-
logic studies47,48 have documented an increase in
the risk of kidney stones with an increase in body
weight, BMI, and waist circumference. However,
this increase in risk is accompanied by a redistribu-
tion in the type of stone disease in the overweight
population compared with the general population,
with a decrease in the prevalence of calcium stone
disease and an increase in the prevalence of uric
acid stone disease.49,50 The increase in lean mass
was associated with an increase in the incidence
for men alone.51 Moreover, weight loss is not asso-
ciated with a reduction in risk.48

Regarding the lithogenic urinary risk factors, an
inverse relationship has been established between
pH and BMI and between pH and fatty mass.52

Furthermore, oxalate excretion has been related to
body weight, body surface area, and lean mass.53

An increase in BMI also boosts the excretion of
oxalate, uric acid, sodium, phosphate, and
calcium.54–56 However, calcium does not remain
significant if corrected for sodiumandphosphate.54

Some recent retrospective studies57–59 have
described a positive relationship between the litho-
genic urinary risk factors and excess weight and
obesity. However, supersaturation values often
do not change because the excretion of inhibitors
and the intake of water also increase with an
increase in weight and/or BMI percentiles. A
common limitation to many of the studies quoted
is that they did not evaluate dietary habits, in partic-
ular, protein intake. There is growing evidence that
a high BMI and insulin resistance (ie, metabolic
syndrome) are the etiologic factors of uric acid
stone disease; because insulin stimulates the renal
production of ammonium, insulin resistance may
reduce the excretion of ammonium. Daudon and
colleagues60 demonstrated a 35.7% prevalence
of uric acid stone disease in patients with type 2
diabetes compared with 11.3% in those without
diabetes.
KIDNEY STONES AND EXERCISE

The effects of exercise on reducing the risk of stone
disease and on the lithogenic urinary risk factors
have been studied in very few studies and on
a limited number of patients. On the other hand,
there is a significant amount of evidence correlating
immobility or bed rest with a high risk of stone
disease.Manyexperimentalmodels havebeenper-
formed on astronauts in the absence of gravity. The
2most important studies assessingmoderate exer-
cise (70%–75% VO2max)61,62 revealed an increase
in the lithogenic urinary risk factors only in the
absence of adequate hydration during and after
exercise. Conversely, the results of many studies
have shown exercise to have a beneficial effect on
health and, therefore, hypothetically also on the
risk of stone disease and related metabolic condi-
tions. Indeed, exercise improves blood pressure
control,63 increases renal plasma flow,64 reduces
proinflammatory cytokines, and improves insulin
sensitivity.65
KIDNEY STONES AND STRESSFUL
LIFE EVENTS

A stressful lifestyle is associated with a higher risk
of stone disease. This has been proved particularly
in women. Stress increases not only the risk of
onset of the disease but also the frequency of
passage of stones already present. The physio-
pathologic mechanism has not been entirely clari-
fied, although it would seem that hormonal causes
are involved, and stress reduces certain antilitho-
genic factors such as magnesium and citrate,
whereas calciuria, oxaluria, and uricosuria in-
crease in response to stressful events.66
PARTICULAR CAUSES
Melamine

In recent years, data have emerged about a possi-
ble relationship between environmental exposure
to dietary additives and the development of kidney
stones. In China, in late 2008, many cases (the esti-
mated figure is 50,000) of kidney stones were
observed in the pediatric population, whose spon-
taneous incidence is known to be very low. This
epidemic was related to the consumption of
powderedmilk contaminatedwithmelamine, a die-
tary additive used, legally, to increase the nitrogen
content in certain types of animal feed. When
added to human food products, it can falsify their
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protein content and is, therefore, considered
a sophistication.67

Melamine, which usually forms salts with cyanu-
ric acid, precipitates in the distal renal tubule,
constituting the matrix for the formation of stones,
which are usually found in the renal pelvis and
have irregular dimensions that are not easily seen
on ultrasonographic images.
Because the toxicity of melamine in humans was

unknown until 2008, further studies are needed;
however, it cannot be ruled out that exposure to
this toxic agent can increase the risk of kidney
stone disease also in adults, and similarly, the
long-term effects of even episodic exposure are
not yet known. In addition, the enormous amount
of food additives that humans are exposed every
day can, in some way, influence the risk of kidney
stones, but evidence is lacking on this topic.67
Betel Quid Chewers

The chewing of betel quid is a common practice in
many countries, particularly in Southeast Asia. The
quid is a preparation of betel leaf, areca nut, and
chuna (ie, calcium hydroxide paste). Betel quid
chewers suffer from hypercalciuria, alkaline urine,
and hypocitraturia, with the risk of developing
calcium phosphate and calcium oxalate stones.
The presence of calcium hydroxide chuna would
seem to be the main cause that, also, exposes
subjects to a greater risk of developing milk-
alkali syndrome.68
Box 1
Ten rules for the prevention of the risk
of kidney stones

1. Keep an ideal weight and take regular
moderate exercise in the open air.

2. Drink enough water to obtain a urinary
volume of 2 L/d.

3. Restrict the intake of meat and poultry
proteins to about 20 g/d.

4. Eat about 40 g of plant protein a day.
5. Eat fruits and vegetables every day, avoid-

ing products rich in oxalate.
6. Eat milk and dairy products to achieve

a calcium intake of about 1000 mg/d.
7. Follow the international guidelines on fat

and carbohydrate consumption.
8. Use fresh and frozen food products, avoid-

ing precooked and/or preserved foods.
9. Avoid do-it-yourself use of supplements

and only take medicines and supplements
under medical supervision.

10. Try to avoid stressful life events as far as
possible.
Ephedrine

Ephedrine and its metabolites are alkaloids ex-
tracted from plants of the Ephedra species and
have alpha- and beta-adrenergic activities. In the
official pharmacopoeia, they are used as nasal
decongestants for topical use. However, many
natural herbal remedies favoring weight loss and
improving physical and mental performance
contain varying quantities of these alkaloids. The
sometimes severe and potentially lethal side
effects of these preparations include precipitation
in the renal tubules with the formation of radiolu-
cent stones, and the prevalence of this form of
stone disease in the United States is 0.06%.69

SUMMARY

Diet and lifestyle choices have a significant influ-
ence on the risk of kidney stones. Both doctors
and patients should be educated to consider
a healthy lifestyle as an efficacious medical
approach. Box 1 shows a simple list of 10 rules
for the prevention of the risk of kidney stones. It
would be useful to have evidence from controlled
studies evaluating the long-term effects of diet
and lifestyle modifications compared with medical
therapy and clarifying the relationships between
kidney stones, weight, and body mass.
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