years before a clinically detectable stone is identified. The processes
involved in interstitial deposition are under active investigation.

Dietary Risk Factors Patients who develop stones often change their
diet; therefore, studies that retrospectively assess diet may be hampered by recall bias. Some studies have examined the relation between
diet and changes in the lithogenic composition of the urine, often
using calculated supersaturation. However, the composition of the
urine does not perfectly predict risk, and not all components that
modify risk are included in the calculation of supersaturation. Thus,
dietary associations are best investigated by prospective studies that
examine actual stone formation as the outcome. Dietary factors that
are associated with an increased risk of nephrolithiasis include animal
protein, oxalate, sodium, sucrose, and fructose. Dietary factors associated with a lower risk include calcium, potassium, and phytate.
Calcium The role of dietary calcium deserves special attention.
Although in the past dietary calcium had been suspected of increasing the risk of stone disease, several prospective observational studies
and a randomized controlled trial have demonstrated that higher
dietary calcium intake is related to a lower risk of stone formation. The
reduction in risk associated with higher calcium intake may be due
to a reduction in intestinal absorption of dietary oxalate that results
in lower urine oxalate. Low calcium intake is contraindicated as it
increases the risk of stone formation and may contribute to lower bone
density in stone formers.
Despite similar bioavailability, supplemental calcium may increase
the risk of stone formation. The discrepancy between the risks from
dietary calcium and calcium supplements may be due to the timing of
supplemental calcium intake or to higher total calcium consumption
leading to higher urinary calcium excretion.
Oxalate Urinary oxalate is derived from both endogenous production and absorption of dietary oxalate. Owing to its low and often
variable bioavailability, much of the oxalate in food may not be readily
absorbed. However, absorption may be higher in stone formers.
Although observational studies demonstrate that dietary oxalate is
only a weak risk factor for stone formation, urinary oxalate is a strong
risk factor for calcium oxalate stone formation, and efforts to avoid
high oxalate intake should thus be beneficial.
Other nutrients Several other nutrients have been studied and implicated in stone formation. Higher intake of animal protein may lead
to increased excretion of calcium and uric acid as well as to decreased
urinary excretion of citrate, all of which increase the risk of stone formation. Higher sodium and sucrose intake increases calcium excretion
independent of calcium intake. Higher potassium intake decreases
calcium excretion, and many potassium-rich foods increase urinary
citrate excretion due to their alkali content. Other dietary factors that
have been inconsistently associated with lower stone risk include magnesium and phytate.
Vitamin C supplements are associated with an increased risk of
calcium oxalate stone formation, possibly because of raised levels
of oxalate in urine. Thus, calcium oxalate stone formers should be
advised to avoid vitamin C supplements. Although high doses of
supplemental vitamin B6 may be beneficial in selected patients with
type 1 primary hyperoxaluria, the benefit of supplemental vitamin
B6 in other patients is uncertain.
Fluids and beverages The risk of stone formation increases as urine
volume decreases. When the urine output is less than 1 L/d, the risk of
stone formation more than doubles. Fluid intake is the main determinant of urine volume, and the importance of fluid intake in preventing
stone formation has been demonstrated in observational studies and in
a randomized controlled trial. Observational studies have found that
coffee, tea, beer, and wine are associated with a reduced risk of stone
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Nondietary Risk Factors Age, race, body size, and environment are
important risk factors for nephrolithiasis. The incidence of stone
disease is highest in middle-aged white men, but stones can form in
infants as well as in the elderly. There is geographic variability, with
the highest prevalence in the southeastern United States. Weight gain
increases the risk of stone formation, and the increasing prevalence of
nephrolithiasis in the United States may be due in part to the increasing prevalence of obesity. Environmental and occupational influences
that may lead to lower urine volume, such as working in a hot environment or lack of ready access to water or a bathroom, are important
considerations.
Urinary Risk Factors • Urine volume As mentioned above, lower urine
volume results in increased concentrations of lithogenic factors and is
a common and readily modifiable risk factor. A randomized trial has
demonstrated the effectiveness of elevated fluid intake in increasing
urine volume and reducing the risk of stone recurrence.

Chapter 342 Nephrolithiasis

RISK FACTORS
Risk factors for nephrolithiasis can be categorized as dietary, nondietary, or urinary.These risk factors vary by stone type and by clinical
characteristics.

formation. Sugar-sweetened carbonated beverage consumption may 1867
increase risk.

Urine calcium Higher urine calcium excretion increases the likelihood of formation of calcium oxalate and calcium phosphate stones.
While the term hypercalciuria is often used, there is no widely accepted
cutoff that distinguishes between normal and abnormal urine calcium excretion. In fact, the relation between urine calcium and stone
risk appears to be continuous; thus the use of an arbitrary threshold
should be avoided. Levels of urine calcium excretion are higher in
individuals with a history of nephrolithiasis; however, the mechanisms
remain poorly understood. Greater gastrointestinal calcium absorption is one important contributor, and greater bone turnover (with a
resultant reduction in bone mineral density) may be another. Primary
renal calcium loss, with lower serum calcium concentrations and
elevated serum levels of parathyroid hormone (PTH) (and a normal
25-hydroxy vitamin D level), is rare.
Urine oxalate Higher urine oxalate excretion increases the likelihood
of calcium oxalate stone formation. As for urine calcium, no definition for “abnormal” urine oxalate excretion is widely accepted. Given
that the relation between urine oxalate and stone risk is continuous,
simple dichotomization of urine oxalate excretion is not helpful in
assessing risk. The two sources of urine oxalate are endogenous generation and dietary intake. Dietary oxalate is the major contributor and
also the source that can be modified. Notably, higher dietary calcium
intake reduces gastrointestinal oxalate absorption and thereby reduces
urine oxalate.
Urine citrate Urine citrate is a natural inhibitor of calcium-containing stones; thus, lower urine citrate excretion increases the risk of
stone formation. Citrate reabsorption is influenced by the intracellular
pH of proximal tubular cells. Metabolic acidosis will lead to a reduction in citrate excretion by increasing reabsorption of filtered citrate.
However, a notable proportion of patients have lower urine citrate for
reasons that remain unclear.
Urine uric acid Higher urine levels of uric acid—a risk factor for uric
acid stone formation—are found in individuals with excess purine
consumption and rare genetic conditions that lead to overproduction
of uric acid. This characteristic does not appear to be associated with
the risk of calcium oxalate stone formation.
Urine pH  Urine pH influences the solubility of some crystal types.
Uric acid stones form only when the urine pH is consistently
≤5.5 or lower, whereas calcium phosphate stones are more likely to
form when the urine pH is ≥6.5 or higher. Cystine is more soluble at
higher urine pH. Calcium oxalate stones are not influenced by urine pH.
Genetic Risk Factors The risk of nephrolithiasis is more than
twofold greater in individuals with a family history of stone disease. This association is likely due to a combination of genetic
predisposition and similar environmental exposures. While a number
of monogenic disorders cause nephrolithiasis, the genetic contributors
to common forms of stone disease remain to be determined.
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