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Preventive fluid and dietary therapy for urolithiasis:
An appraisal of strength, controversies and lacunae of
current literature
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Department of Urology, Postgraduate Institute of Medical Education and Research, Chandigarh, India

ABSTRACT

Regulation of fluid and dietary intake habits is essential in comprehensive preventive management of urolithiasis. However,
despite large body of epidemiological database, there is dearth of good quality prospective interventional studies in this
regard. Often there is conflict in pathophysiological basis and actual clinical outcome. We describe conflicts, controversies
and lacunae in current literature in fluid and dietary modifications in prevention of urolithiasis. Adequate fluid intake is
the most important conservative strategy in urolithiasis-prevention; its positive effects are seen even at low volumes. Of
the citrus, orange provides the most favorable pH changes in the urine, equivalent to therapeutic alkaline citrates. Despite
being richest source of citrate, lemon does not increase pH significant due to its acidic nature. Fructose, animal proteins
and fats are implicated in contributing to obesity, which is an established risk factor for urolithiasis. Fructose and proteins
also contribute to lithogenecity of urine directly. Sodium restriction is commonly advised since natriuresis is associated
with calciuresis. Calcium restriction is not advisable for urolithiasis prevention. Adequate calcium intake is beneficial if
taken with food since it reduces absorption of dietary oxalate. Increasing dietary fiber does not protect against urolithiasis.
Evidence for pyridoxine and magnesium is not robust. There is no prospective interventional study evaluating effect of
many dietary elements, including citrus juices, carbohydrate, fat, dietary fiber, sodium, etc. Due to lack of good-quality
prospective interventional trials it is essential to test the findings of pathophysiological understanding and epidemiological
evidence. Role of probiotics and phytoceuticals needs special attention for future research.
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INTRODUCTION prevalence is reported from Greenland and Japan.” The

situation is not unlikely to be similar in various geographical

Urolithiasis is ubiquitous and is prevalent in relatively
young and productive age group. It carries significant
morbidity and imposes tremendous financial burden
on healthcare system. With changing lifestyles and
climate, its prevalence has shown a rise over decades,
e.g., 37% rise in USA from 1976 to 1994.1Y Life-time
risk of urolithiasis varies from 1-5% in Asia, 5-9%
Europe, 10-15% USA and 20-25% middle-east; lowest
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regions worldwide making it alarming enough to lay more
stress on preventive aspect of urolithiasis.

Majority of kidney stones are composed of calcium oxalate
(CaOx) and phosphate (CaPh) crystals (780%). Most of the
rest are composed of uric acid (UA; 5-10%) and struvite
(5-15%). Other rare constituents are cystine, xanthine,
matrix, dihydroxy-adenosine and various drugs (e.g.,
indinavir, nelfinavir, efavirenz, amprenavir, triamterene).”
Compositions vary in different geographical conditions and
ethnicities; e.g., UA more prevalent among south-east Asian
ethnic group (50%) and in Israel (40%) and less common in
India (<19%).0"* Struvite is also rare in India (1.3%, versus a
universal average ~30%); even most of the staghorn calculi
are composed of CaOx.!

There is extensive epidemiological literature on dietary
factors modulating urolithiasis risk. Prospective
interventional studies are available evaluating role of various
fluid/dietary elements in modulating lithogenecity of urine;
however, there are not many good quality prospective
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dietary-interventional studies examining the effect of
proposed dietary modifications on actual incidence of
urolithiasis. Additionally, more often than not, discrepancy
exists between cross-sectional and prospective data. In a
recent meta-analysis of randomized controlled trials, Fink
et al, could identify only eight good quality RCTs among a
total of 579 research papers on diet in urolithiasis reviewed.®
Genetic basis of calcium urolithiasis is being elucidated, and
gene therapy is considered to hold promise for the future.

Since, good quality RCTs on diet / supplements in prevention
of urolithiasis are conspicuous by their scarcity, a systematic
review with meta-analysis would have to exclude elucidation
of most of the dietary elements.!® Therefore, with the aim to
elucidate the strengths and limitations of current evidence
in this topic, and present the direction of future research
we chose to write a narrative review. Studies published in
English language were searched in the Pubmed database,
Cochrane database and Google-scholar without restriction
of year of publication using search words including, but not
exclusively, ‘nephrolithiasis’, ‘urolithiasis’, ‘renal calculi’,
‘prevention’, diet’, ‘calcium’, ‘sodium’, ‘potassium’, ‘protein’,
‘carbohydrate’, ‘fat’, ‘magnesium’, ‘fiber’, ‘phytotherapy’
and ‘probiotics’, in appropriate combinations. Since there
is large heterogeneity in research publications in this area,
and the type of review being narrative, strict inclusion/
exclusion criteria were not laid down. Epidemiological
studies (cross-sectional, prospective), case-control studies as
well as randomized/non-randomized controlled trials on diet
and fluid aspect of urolithiasis, all were included. Further
relevant references were selected from the bibliography of
the searched papers. A total of 137 research papers were
reviewed, the most relevant 53 are cited in this review.

By virtue of its ubiquity, higher prevalence in relatively
young and productive age, costly treatment and loss of
productive hours, urolithiasis imposes tremendous financial
burden on healthcare system. There are not many good
quality prospective dietary-interventional studies examining
the effect of proposed dietary modifcations on actual
incidence of urolithiasis.

FLUIDS

Increased fluid intake for a urine-output of 2 liters/day is
one of the most important and the least expensive form
of conservative measure to reduce stone-recurrence.
Its effect is through mechanical diuresis and decreased
solute-supersaturation and formation-product ratio. Large
epidemiological studies on >45,000 men (health professional
follow-up study; HPFS) and 91,000 women (Nurses’ health
study; NHS-I and NHS-II) found a 30-40% risk-reduction
associated with doubling of fluid intake to 2.5 liters/day or
more. "]

Improvement in stone-recurrence fluid is a continuous

Indian Journal of Urology, Jul-Sep 2011, Vol 27, Issue 3

Agarwal et al.: Fluid and diet in urolithiasis prevention

process, observed even a low volumes and with small
increments. Frank et al,”! compared the incidence of
urolithasis in two desert towns of Israel, Arad and Beersheba,
after 3-years of education regarding fluids. They found a
lower prevalence of urolithiasis in Arad (0.28% vs. 0.85%,
P=0.001) with only a quarter litre increase in urine output
(1071 ml vs. 804 ml). In a prospective randomized trial
Borghi et all"” found that doubling of urine volume to >2
litre led to an over 55% decrease in stone recurrence (12/99
vs. 27/100; P=0.008) over 5 years. Improvement in stone-
recurrence fluid is a continuous process, observed even a
low volumes and with small increments.

HARD OR SOFT WATER?

There have been pervasive concerns regarding lithogenic
potential of hard water (by virtue of being richer in calcium);
however, consensus is lacking. In a large cohort of 3270
stone-patients, Schwartz et al,') found higher calcium and
citrate excretion in patients living in areas with hard water
supply versus soft water supply (P<0.0001). However, the
life-time incidence of stone episodes was remarkably similar
across populations (3.4 versus 3.0). In fact, epidemiological
data from 10 Finnish hospitals even suggests an inverse
relation (35 hard vs. 53 soft per 1,00,000 inhabitants).!'?
Despite being richer in citrate, lime, lemon or lemonade
generally do not increase urinary pH (0.1 point increase)
presumably due to acidic nature, whereas orange juice does
by 0.6-0.8 points, similar to potassium-citrate (K-cit).

WHICH BEVERAGES?

A host of clinical and epidemiological studies are available
testing various common fluids ‘in vogue’ for urolithiasis
prevention,!*!¥) however, without consensus. In HPFS-
cohort, Curham et al' found that with every 8-o0z/d of
coffee, tea, beer and wine stone-risk decreased by 10%,
14%, 21% and 39%, respectively (inhibitory action on
vasopressin probably decreases stone risk); whereas, with the
same amount of apple juice and grapefruit juice, it increased
by 35% and 37%, respectively. Similarly, Krieger et al,l"”!
found a significant protective effect of beer (OR 0.41), in
a case-control study enrolling 240 cases and 392 controls.
This effect is not entirely explainable, because apart from
causing diuresis, it leads to hypocitraturia, uricosuria and
lowering of pH.

In a cohort of 1009 treated stone-formers followed up for
3 years, Shuster et al,™® reported 15% higher incidence of
urolithiasis in men consuming at least 160 ml of soft drinks
acidified by phosphoric acid (e.g., cola); citrus drinks did
not affect incidence of urolithiasis. Notably, cola leads to
increased oxaluria, partly explaining its lithogenic propensity.
Recently, Eisner et al'® reported that alkali and citrate
content of various commercial non-cola soda drinks (e.g.,
Diet 7up®, diet Canada dry®, diet mountain dew®, Fresca®,
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Table 1: A summary of studies evaluating fruits and beverages in urolithiasis

Study Participants Age (years) Intervention Effects
Curhan et alt™ 45,289 men Range 40-75 8 ounces 21 beverages* Risk orange (6%)
Risk lemonade (11%),
Grapefruit (37%), apple (35%)
Passman et a/l"”! 6 healthy individuals Mean 29 Le Bleu® water Urine volume
Fresca® Urine uric acid
Caffeine free Diet Coke® CaOx product
Urine oxalate
Urine citrate
Kang et al'® 11 men and women, hypocitraturia Mean 44 4 ounces lemon juice Urine pH
Urine citrate
Stone formation rate
Odvina™ 13 (9 healthy, 4 stone formers) Mean 44 1.2 L orange juice and 1.2L Urine pH
lemonade Urine citrate
Urine oxalate
Ho'now et a/i?" 9 women Mean 29 0.5-1.0 L juice (grapefruit, Urine pH grapefruit
orange, apple) Urine citrate all
Bonn risk index all
Penniston et a/?" 100 men and women (with stone risk Mean 48 and 46 4 ounces lemon juice * K-Cit Urine pH
factor) Urine citrate
Koff et aft?? 21 men and women (with stone risk Mean 55 3 ounces lemon juice or KCit Urine pH
factors) Urine citrate
Seltzer et al®! 12 men and women (hypocitraturic) Mean 55 4 ounces lemon juice Urine citrate
Wabner and Pak?*l 8 healthy and 3 hypocitraturic men Mean 35 1.2L orange juice Urine pH
Urine citrate
Urine oxalate
Aras et al?% 30 hypocitraturic individuals Mean 37 85 ml lemon juice Urine citrate
Urine calcium
Urine oxalate
Liebman et aft?®! 6 healthy individuals Mean 31 Orange juice Urine pH

Urine citrate
Urine oxalate

CCM = Calcium citrate malate fortified,

*Water; Milk - Skim/low fat or whole; Juices - Apple, Orange, Grapefruit, Other fruit, Tomato, Punch/lemonade; Sodas - Cola, with caffeine, Cola, without caffeine,
Cola, diet, with caffeine, Cola, diet, without caffeine, Noncola, Noncola, diet; coffee / tea - Coffee, caffeinated, Coffee, decaffeinated, Tea; Alcoholic beverages -

Beer, Wine, Liquor.

etc.) was equal or higher than that of lemonade. However,
Passman et al,l'” found that one of these drinks (Fresca®),
when compared to clear water (Le Bleu®) or commercial Diet
coke®, did not confer any advantage in terms of increased
citraturia or decreased CaOx supersaturation index.

Lemon, orange or grapefruit?

Citrus juices have long been considered to have anti-
lithogenic potential, predominantly owing to increased
citraturia and urinary-pH. Diets rich in citrus fruits and
juices are common practice and prescription for ‘stone-
prevention’. However, despite a multitude of publications
evaluating citrus juices on various urinary parameters and
incidence of urolithioasis, there is no consensus conclusion
derived so far!'*!172¢1 [Table 1].

Lemon and lime juices contain the highest concentration
of citric acid (1.44 g/oz, 1.38 g/oz, respectively), grapefruit
juice intermediate (0.75 g/oz) and orange juice the least
(0.27 g/oz).””) Citrate is the most abundant organic ion
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in urine and is a potent natural inhibitor of CaOx and
CaPh nucleation. Most of the orally ingested citrate gets
converted to bicarbonate conferring alkali-load which
may result in increased urine-pH depending concomitant
acid load. Despite being richer in citrate, lime, lemon or
lemonade generally do not increase urinary pH (0.1 point
increase) presumably due to acidic nature, whereas orange
juice does by 0.6-0.8 points, similar to potassium-citrate
(K-cit).l'824 Most of studies consistently indicate increased
citraturia with ingestion of studied citrus fruits (lemon,
orange, grapefruit), although in large amount. However,
often prospective-observational epidemiological studies
have found paradoxical results, e.g., ‘minimal protective’
effect of orange juice and ‘lithogenic’ effect of grapefruit
juice.*18 Part of the reason may be fructose content in citrus
fruits/juices which impart lithogenecity to the urine (vide
infra). Therefore, the ‘best’ fluid/juice question is unclear
warranting further studies.

Recently, Yilmaz et al, conducted a study on freshly blend
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tomato juice and found that it was high in citrate and low in
sodium and oxalate content.” This is an interesting finding
and warrants further studies in the light of dietary fad against
use of tomatoes in stone formers.

DIET

Dietary fads with innumerable do’s (e.g., cranberry, fish,
citrus) and don’ts (e.g., calcium, oxalate, organ-meat) are
pratique-commune for stone-prevention and are readily
available in the multimedia. The following section we
describe pathophysiological basis and current evidence
of lithogenic potential of various diet components and
discussed available scientific evidence for or against it.

MACRONUTRIENTS

Proteins

Increased animal-protein consumption has been considered
risk-factor for urolithiasis for a number of years. The
evidence is mostly indirect and observed in epidemiological
surveys, e.g., almost 3 decades ago, Anderson*'noted a four-
fold higher incidence of urolithiasis in the richer northern-
western states of India compared to poorer southern-eastern.
The difference was ascribed to an almost twice higher
intake of animal-protein in the former. A similar trend has
been reported from other countries as well. Higher protein
ingestion has been associated with obesity, another risk
factor for urolithiasis.

A number of lithogenic metabolic changes are induced by
increased protein consumption, most notably increased
calciuria, uricosuria and decreased citraturia and pH; effect
on oxaluria is variable. These effects result from load of
acid, sulfate and purine conferred by amino-acid (AA)
metabolism, particularly of animal source which is rich
in sulfur-containing AA (cysteine and methionine) and in
purine. It is estimated that addition of 75 g of protein to the
diets of normal subjects leads to a 100 mg/d rise in urinary
calcium excretion. Moreover, stone formers may be more
sensitive to the calciuric effects of protein consumption
than normal subjects.

Despite sound pathophysiological understanding as well
as indirect epidemiological evidence neither long term
observational studies® nor randomized controlled trials®®!
suggest strongly against high animal protein diet. Borghi et
al,B! compared 2 types of diets (normal calcium, low animal
protein and low salt diet versus low calcium and otherwise
unspecified diet) in a randomized controlled trial and found
that the incidence of new stone formation was half in the
former group. However, for lack of multivariate analysis, the
protective effect could not be pinpointed individual dietary
modification. Dussol et al,®? compared 3 diets (low animal-
protein, high fiber and unspecified) in idiopathic calcium
stone formers and found stone recurrence in 48%, 63% and

Indian Journal of Urology, Jul-Sep 2011, Vol 27, Issue 3

Agarwal et al.: Fluid and diet in urolithiasis prevention

48% over 4 year follow up, respectively. They concluded
against restriction of animal proteins, commenting on
limitation that their patients had active stone-disease,
potentially rendering dietary intervention ineffective. Hiatt
et al®in fact observed adverse effect of a low-protein-high-
fiber diet compared to control group (adequate fluid and
calcium) in a cohort of 99 patients (relative risk 5.6; 95%
confidence interval 1.2-26.1). Limitation cited was possibly
higher emphasis on fluid intake in the control arm.

Overall, the evidence is not strong in favor or against high
protein intake. However, in view of pathophysiological
basis and indirect epidemiological evidence of its lithogenic
potential and its association with obesity, it may be prudent
to avoid excess of proteins in diet.

It is estimated that addition of 75 g of protein to the diets of
normal subjects leads to a 100 mg/d rise in urinary calcium
excretion. Overall, the evidence is not strong in favor or
against high protein intake.

Carbohydrates

There has been a tremendous rise in fructose-consumption
over the last 4 decades, especially after 1967 with
introduction of high-fructose corn-syrup. High intake
of fructose has been linked to increased risk of obesity,
metabolic syndrome as well as urolithiasis. It promotes
insulin resistance with subsequent reduction in urine pH
and increased UA-production. In HPFS and NHS (I and IT)
cohorts examined for 48 years, Taylor et al,**3¢ identified
4902 incidences of renal stone disease. They analyzed this
data extensively and made important observations —

After adjustment for age, body mass index (BMI), calorie-
intake, thiazides, fluid-intake, caffeine, alcohol, calcium-
supplement, non-fructose carbohydrate intake, percentage
of energy from total protein, oxalate, potassium and sodium,
they found fructose to be associated with increased risk of
urolithiasis (relative risk 1.37, 1.35 and 1.27, respectively;
P<<0.05).534

A higher risk of urolithiasis associated with obesity (RR 1.90,
2.02 and 1.35, respectively; P<<0.05) and weight gain more
than 35 Ibs (1.70, 1.82 and 1.39, respectively; P<<0.05).5"

A higher risk of urolithiasis associated with diabetes mellitus
(RR 1.38, 1.67 and 1.31, respectively; P<<0.05).5¢

The association of fructose with urolithiasis is not only
through risk of metabolic syndrome; it also causes increased
calciuria, oxaluria, and uricosuria.

The lithogenic potential is not only limited to fructose.
Curhan et al,”* reported that high intake of sucrose was
associated with this disorder in their female (but not male)
group. Glucose may also lead to increased oxaluria.
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Link between high fructose diet and urolithiasis complicates
dietary recommendations for stone prevention, especially,
with respect to (w.r.t) recommendations for citrus fruits
or juices.

The association of fructose with urolithiasis is not only
through risk of metabolic syndrome; it also causes increased
calciuria, oxaluria and uricosuria. The lithogenic potential
of carbohydrates is not only limited to fructose.

FAT

Dietary fat consumption is not considered an independent
risk-factor for stone formation.”*! However, high fat
consumption is clearly linked to incidence of obesity, which
as an independent risk factor of urolithiasis.?> Powell et al,*®
studied urine chemistries of 5942 patients with urolithiasis
and found obese patients to have higher urinary excretion
of calcium, oxalate, UA, sodium and sulfate; to offset this
lithogenic effect, they also found a higher excretion of citrate
and increased urinary volume in obese. Incidence of UA
lithiasis is particularly increased in obesity due to increased
production and excretion of UA and lowering of urinary
pH. Lithogenic effect of weight-gain has been reported in
prospective long term study by Taylor et al.l®”

There is no study evaluating protective effect of weight-
reduction with respect to stone disease. There are various
novel regimes used to reduce weight, which claim to be
more acceptable than more conventional ‘palatable diet-
restriction’ programs —

Atkin’s regimen - consists of carbohydrate restriction (20
g/d), and unrestricted animal-protein and fat intake and is
associated with rise in calciuria, aciduria and uricosuria and
fall in citraturia.®!

Lipase inhibitors - induce fat malabsorption which is
associated with hyperoxaluria.[*”

However, it should be mentioned that there is no study on
incidence of urolithiasis associated with these regimens.
Nevertheless, it seems prudent to advise weight regulation
without using these potentially lithogenic regimens, since
weight reduction can potentially reduce risk of urolithiasis by
improving urinary parameters, regaining insulin sensitivity
(which has other benefits too).

Incidence of UA lithiasis is particularly increased in obesity
due to increased production and excretion of UA and
lowering of urinary pH.

OMEGA-3 FATTY ACID

Consumption of eicosapentaenoic acid (EPA) is associated
with reduction of liothogenic factors in urine.*!! EPA is
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an inhibitor of arachidonic acid metabolism resulting in
decreased synthesis of prostaglandin E2, a substance that
is known to potentiate urinary calcium excretion. Buck
et al,*! treated hypercalciuric recurrent stone formers
with an 8-week course of fish oil and found that this
significantly reduced oxalate and calcium excretion. Yasui
et al,*? prospectively followed up 29 recurrent stone formers
in three phases; phase-I before initiation of EPA (mean 47.8
months), phase-II of EPA supplementation (1800mg/d; mean
36.4 months) and phase-III after stopping EPA (mean 50.6
months). They observed a statistically significant reduction
in stone episodes during supplementation phase than
before or after (0.22, 0.07 and 0.17 times/year, respectively;
RR 3.29 before and RR 2.51 after EPA). Conversely, in
epidemiological NHS and HPFS studies Taylor et al,**did
not find any significant positive association with arachidonic
acid and linoleic acid, though ingestion of EPA was lower
than that in Study by Yasui.*” Moreover, as per authors this
study had low statistical power for this assessment.

MICRONUTRIENTS

Sodium

Sodium restriction is widely recommended dietary
modification for decreasing risk of recurrence in recurrent
stone formers. Increased sodium intake leads to various
changes in urine composition, some pro-lithogenic (i.e.,
increased calciuria and cystinuria and decreased citraturia)
and some antilithogenic (increased urine volume and pH).
In large cohort of 2201 stone formers and 1167 non-stone
formers in the HPFS and NHS, Taylor and Curhan™¥
reported 37 mg/d higher excretion of calcium in individuals
with highest quartile of sodium intake. A 100 mmol/d
rise in dietary sodium leads to 25 mg/d (= 0.62 mmol/d)
rise in calciuria, the reverse is also true. In another NHS
and HPFS analysis, Taylor et al,**!found that DASH-type
diets (Dietary approaches to stop hypertension), which
composed of higher intake of potassium, magnesium,
oxalate and ascorbic acid and lower intake of sodium, were
associated with 40-45% reduced risk of stone formation.
Epidemiological analysis suggests that among individuals
consuming sodium and calcium in highest quartile, only
12-15% reduction of sodium intake (as opposed to 50%
reduction of Calcium intake) is required to decrease
calciuria by 6 mg/day.* Jaeger et al,*) demonstrated that
a sodium-dependent excretion of dibasic amino acids,
including cystine, occurs at an intake of 50 mmol/d or
more of sodium indicating the role of sodium restriction
in cystine lithiasis.

Recently, role of sodium restriction was put into question.
In 14 years follow-up of HPFS, Taylor et al, did not find
sodium as an independent risk factor for urolithiasis.?” More
recently, Eisner et al,'”) retrospectively analyzed metabolic
evaluation of 880 stone patients and found that despite
positive association with calciuria, natriuria was associated
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negatively with CaOx supersaturation. They ascribed this
paradox to increased urine volume and pH.

There is paucity of prospective intervention studies. In view
of beneficial effect of sodium restriction on hypertension
and other components of metabolic syndrome, and large
body of epidemiological data in favor of stone prevention,
avoidance of excessive sodium intake is desirable.

A 100 mmol/d rise in dietary sodium leads to 25 mg/d rise
in calciuria, the reverse is also true.

Potassium

There is epidemiologic evidence that increased potassium
intake is associated with lower incidence of urolithiasis
(RR 0.49-0.54)." It has been estimated that every 20 meq/
day increase in urinary potassium is associated with 17
mg/d (= 0.42 mmol/d) decrease in calciuria.*¥ Another
potential benefit is that foods high in potassium content
usually are replete with alkali, which may stimulate urinary
citrate excretion. Moreover, stone formers are considered
to have an adversely raised sodium-to-potassium ratio.[*"!
Markedly beneficial effect of alkaline citrates (especially
potassium salts) in prevention of recurrent urolithiasis is
well established.

It has been estimated that every 20 meq/day increase in
urinary potassium is associated with 17 mg/d decrease in
calciuria.

Calcium

The conventional view of calcium restriction in calcium-
urolithiasis, which prevailed for decades after discovery of
association of hypercalciuria in calcium-oxalate urolithiasis,
has been refuted based on large epidemiological as well
as prospective studies. In the NHS and HPFS cohorts,
prevalence of stone disease in highest quartile calcium-
intake group was nearly half compared to the lowest one (RR
- 30.56 and 20.49).7% Moreover, a 64% decreased incidence
of urolithiasis was reported in 14-year prospective study on
HPFS.®IDASH style diets which are rich in calcium (apart
from other stone-prevention elements) are associated with
lower incidence of stone disease.*”!

Bataille et al,*! demonstrated that dietary calcium restriction
increases urinary oxalate excretion in normocalciuric as well
as hypercalciuric calcium stone formers, and controls. In a
randomized prospective dietary intervention study Borghi
et al®! found that incidence of stone incidence was twice
in dietary calcium restriction group compared to normal
calcium intake group. The increased oxalate excretion with
calcium restriction is thought to result from less calcium
available for oxalate binding in the alimentary tract, thus
leaving more free oxalate for intestinal absorption.

There is a caveat in calcium intake (especially supplemental
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calcium); the protective alimental oxalate-complexing action
of calcium is only effective only when taken with food. It
should also be kept in mind that increased calcium intake
does lead to increased calciuria™® and would be beneficial
only if there is a more than offsetting decrease in urinary
oxalate excretion to lower the relative supersaturation of
urine with calcium oxalate. Curhan group® found higher
risk of stone disease in women on supplemental calcium and
the reason cited was not taking the supplement with food.
It is now believed that levels of calcium intake above the
800 mg recommended may be beneficial, but the optimum
value to decrease stone risk has not been identified.

It should also be kept in mind that increased calcium intake
does lead to increased calciuria and would be benefcial
only if there is a more than offsetting decrease in urinary
oxalate excretion to lower the relative supersaturation of
urine with calcium oxalate. Decreased ingestion of calcium
is known to be associated with increased risk of calcium-
oxalate urolithiasis.

Oxalate

Dietary oxalate is absorbed all along the alimentary tract.
Degree of absorption depends on various factors, i.e., higher
proportion absorption in low oxalate intakes (predominance
of ionized oxalate) and vice versa (predominance of
crystalline oxalate in oxalate-rich foods), concomitant
calcium intake and genetic influence.’” Generally,
contribution of dietary oxalate towards urinary oxalate is
small (10-20%), but it may contribute upto 80% depending
on factors discussed above.®! The variability is also ascribed
to inaccurate assessment of oxalate content of diet as well as
underestimation of oxalate content by conventional indirect
enzymatic or calorimetric procedures.

Although a reduction in ‘excessive’ dietary oxalate is
commonly advised, definitive studies showing it as a risk
factor for the disease are lacking. There are various indirect
indicators, though, to suggest that decreasing oxaluria is of
importance —

Decreased ingestion of calcium is known to be associated
with increased risk of calcium-oxalate urolithiasis”?*! and
the most plausible mechanism is increased oxaluria since it
escapes chelation with calcium in the gut.

Even small increase in the urinary excretion of oxalate
is associated with increased risk of calcium-oxalate
urolithiasis.>!

Based on the available evidence, restriction of ‘excessive’
dietary oxalate intake is reasonable advice for calcium
oxalate stone formers and should be coupled with advice to
maintain at least the recommended daily intake of calcium
and to ensure that calcium consumption accompanies the
ingestion of any oxalate-rich foods.
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Table 2: Current evidence on dietary elements resulting in decreasing incidence of urolithiasis

Dietary Pathophysiological Epidemiological Epidemiological Prospective Our guidelines Grade of

element understanding cross-sectional  prospective data interventional recommendation
data data

Water Favorable Favorable Favorable Favorable Adequate water intake, A

sufficient urine output (>21/d),
avoid dehydration

Hardness Unfavorable Mixed None None No recommendation at present; D
probably does not matter.

Citrus fruits Favorable Mixed Mixed None May take adequate juices / B

/ juices fruits (particularly orange)

for replenishing vitamins,
complementing fluid intake.
However, the amount of juice

/ fruit required for stone-
prevention is likely to be too
large; moreover, fructose (which
is potentially prolithogenic),
partly offsets recommendation
favoring citrus fruit intake)

Protein Unfavorable Unfavorable No effect Mixed Not a major independent factor; B
may avoid excessive intake of
animal protein.

Carbohydrate Unfavorable Unfavorable Unfavorable None Avoid excess of refined B
carbohydrates
Fat Unfavorable Unfavorable Unfavorable None Avoid excess of fat-intake to B

avoid obesity

Sodium Mixed Unfavorable No effect None Avoid excess of sodium as B
prevention of hypertension, no
strong evidence in urolithiasis-
prevention (may benefit salt-avid
individuals).

Potassium  Favorable Favorable Favorable Favorable Encourage to take diet rich in B
(supplementation) potassium (fruits and salad).
Caution in renal failure patients.

Calcium Favorable Favorable Favorable Favorable Adequate intake of calcium. B
Supplementation permissible if
indicated otherwise. Important
to take calcium elements with
meals.

Oxalate Unfavorable Unfavorable Unfavorable Unfavorable Avoid excess of diet rich in D
oxalate. More important is to
time the calcium intake with diet
to reduce oxalate-absorption.

Vitamin B6  Favorable Favorable Mixed Mixed (favorable  Even Bé6-rich diet unlikely to C
in megadose) provide sufficient amount found
effective in stone-prevention.
Supplementation in large doses
(undefined) may be permissible
in recurrent stone formers.

Magnesium Favorable No effect Favorable Favorable Encourage to take diet rich in B
magnesium. Supplementation
may be permissible in recurrent
stone formers.

Dietary fiber Favorable NA NA No effect Encourage adequate dietary A
fiber for overall health. No direct
benefit in urolithiasis prevention.

Probiotics ~ Favorable Favorable None None No recommendation at present. D
Area of future research

Phytotherapy Favorable None None None No recommendation at present. D
Area of future research
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Magnesium

Magnesium is a known inhibitor of calcium oxalate
and calcium phosphate crystal nucleation, growth, and
aggregation. It forms a soluble complex with oxalate in urine
and binds oxalate in the gut, thus lowering the saturation of
calcium oxalate in urine. Epidemiological evidence did not
indicate significant association between magnesium intake
and prevalence of urolithiasis.®? Nevertheless, follow-up
data from epidemiological studies®™” as well as prospective
supplementation studies have shown a favorable effect.’

Phosphorus

Phosphorus consumption did not influence stone formation
in the studies of Curhan et al.””! Dietary phosphorus intake
has been found to be similar in stone formers and normal
subjects. However, supplemental phosphate administration
via orthophosphate preparations has been demonstrated to
decrease urinary calcium excretion.®¥ This is attributed to
a decrease in 1,25-dihydroxyvitamin D activity resulting in
less intestinal calcium absorption.

Vitamin B6

Encouraged by efficacy of megadose vitamin B6 in treatment
of primary hyperoxaluria type 1 (PH1), studies have examined
role of B6 in idiopathic calcium oxalate urolithiasis. Studies
have suggested that B6 deficiency in diet is associated with
increased oxaluria and vice versa.” In two large 14-year
follow-up studies, Curhan et al, found a significantly lower
incidence of urolithiasis associated with high intake of B6
(>40 mg/d) in women (NHS) but not in men (HPFS).5?

Others

High fiber consumption is associated with decreased
oxaluria (by decreasing intestinal transit time) and increased
citraturia (alkali load with vegetable fiber). However, dietary
intervention studies have not been able to prove efficacy of
high fiber diet for stone prevention.*>* Ascorbic acid intake
has been associated with increased oxaluria; however, studies
have suggested that this is mostly an artefact occurring post-
micturition due to decomposition of ascorbate into oxalate.
Increased intake of vitamin C has been associated with
increased incidence of urolithiasis®?® which is not readily
explainable with increased oxaluria (since the enzymatic
process is easily saturable). Despite the association, vitamin
C restriction may not be a good strategy since its vital role
in body functions; nevertheless, overindulgence certainly
to be avoided. Moreover, generally vitamin C rich foods are
also rich in potassium which has a role in stone prevention.

FUTURE STRATEGIES

Probiotics

Various intestinal diseases have been associated with
increased incidence of urolithiasis through changes in the
metabolism of oxalate, calcium, and UA. Particularly, the
discovery of oxalate-degrading bacteria within the human
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gastrointestinal tract has led to a flurry of research regarding
the role of probiotics in the treatment of recurrent calcium
oxalate nephrolithiasis.®%>”) Kaufman et al,*® evaluated stool
samples from 247 recurrent CaOx formers and 259 controls
and found a 17 and 38% prevalence of O. Formigenes (OF),
respectively; multivariate analysis revealed a 70% risk-
reduction in presence of OF-colonization. OF not only
degrades the luminal oxalate, but also enhances intestinal
secretion of endogenous oxalates.

Although the reduced urinary oxalate levels and low side
effect profile associated with this probiotic are promising,
prospective trials are yet to be conducted to evaluate
its protective effect in stone formers. Another potential
limitation of OF therapy is its ability to control only one of
the many prolithogenic factors.

Phytotherapeutic agents

Alternative treatment modalities composed of herbal
remedies have been the mainstay of medical therapy for
thousands of years, especially in Eastern civilizations (India,
China, Brazil, Mexico, etc.). There is increasing interest in
phytotherapy research exemplified by more than $1.5b/y
expenditure in USA alone. A host of herbs have been
studied by many investigators, in vitro as well as in vivo
(animals and humans) to elucidate their mechanism(s) of
action. Altered concentration of citrate, oxalate, calcium,
magnesium in urine, alteration in pH, antimicrobial effect
and diuretic effect, all have been reported associated with
intake of various herbs.”® Unfortunately, despite these been
around for centuries, and studies on mechanism of action,
there is not a single prospective study evaluating their effect
on incidence of urolithiasis. Moreover, the ‘best’ herb, or a
combination, the concentration of ‘effective’ constituent(s)
is not known, severely limiting their current clinical role.
Nevertheless, these therapies seem to hold promise in view
of favorable scientific data.

To summarize, preventive medical therapy for prevention
of urolithiasis is the current need. Large epidemiological
data (including prospective) with high-quality multivariate
analyses have identified various risk factors associated
with urolithiasis. However, prospective interventional
studies have failed to confirm many of these factors, even
to the point of reverse interpretation. Nevertheless, at
least ‘dietary moderation’ principle seems appropriate; we
propose certain fluid and dietary modifications based on
our review [Table 2]. With increasing understanding of
pathophysiology of the disease, various potential approaches
have surfaced, e.g. probiotics and phytotherapy, which of
course need to be explored further.
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