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   Introduction 

 Despite recent advances in the surgical techniques and 
equipment available for the management of urinary lithiasis, 
the prevalence of this condition continues to increase in the 
North American population. Associated costs are estimated 
to exceed 5.3 billion US dollars each year  [  1  ] . 

 Epidemiological studies have implicated a range of con-
tributory dietary, medical, environmental, and genetic factors 
in the pathophysiology of this disease. Many of these factors 
are consistent internationally. Despite this, the North 

American population, with its associated racial, environmen-
tal, and socioeconomic diversity, provides unique epidemio-
logical insights. This chapter provides an overview of the 
risk factors for stone disease as well as incidence and 
prevalence patterns in a North American context using 
contemporary data.  

   Incidence 

 Information with regard to incident stone events affecting the 
North American population in the second half of the twentieth 
century may be extrapolated from a large  population-based 
study conducted in Rochester, Minnesota  [  2  ] . Despite con-
tradictory results in studies from other developed Western 
nations  [  3  ]  suggesting a recent increased incidence of uri-
nary lithiasis, these large studies show that the incidence of 
stone disease has plateaued in North America since the early 
1970s. 
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 Although stone disease appears to have declined among 
males since 1970 (Table  2.1 ), the overall incidence of stone 
disease has remained stable. This is explained by an 
increased incidence in females of all ages (Fig.  2.1 ). The 
male-to-female ratio re fl ects this, having declined from 
3.1:1 in 1970 to 1.3:1 in 2000  [  2  ] . Peak incidence in females 
has been shown to occur at a younger age of 20–29 years, 
compared with 60–69 years for males (see Table  2.1  and 
Fig.  2.1 )    

   Prevalence 

 The lifetime risk of stone disease for individuals residing in 
the USA has been estimated to be 10–15 % and is in fl uenced 
by racial and environmental factors as well as gender  [  4,   5  ] . 
The United States National Health and Nutrition Examination 
Survey (NHANES) examined the prevalence of stone dis-
ease in a total of 31,479 individuals over two time periods 
between 1976–1980 and 1988–1994. By incorporating data 
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  Fig. 2.1    Incident symptomatic 
stone rates 1950–2000.  Solid lines  
depict data from the current 
Rochester, MN, study (1970–
2000). For comparison, the  dotted 
lines  indicate data from the 
previous Rochester, MN, USA, 
study by Johnson et al. (1950–
1974)  [  5  ] . To facilitate 
comparison between the two 
studies, as in the earlier report, all 
rates are age adjusted to the 1960 
US white population (Adapted 
with permission from Macmillan 
Publishers Ltd: Kidney 
International. Lieske et al.  [  2  ] )       

 Women  Men  Total 

 Year  Rate (±s.e.) a   Cases  Rate (±s.e.) a   Cases  Rate (±s.e.) b   Cases 
 1970  43.2 (±14.0)  10  155.1 (±28.5)  31  98.7 (±15.7)  41 
 1980  53.6 (±13.8)  16  183.7 (±29.3)  42  116.5 (±15.8)  58 
 1990  92.4 (±16.3)  34  144.0 (±22.3)  44  117.1 (±13.6)  78 
 2000  68.4 (±12.3)  31  105.0 (±16.8)  40  85.1 (±10.2)  71 
  Total    65.8 (±7.0)    91    140.6 (±11/4)    157    101.8 (±6.6)    248  

  Adapted from  [  2  ]  
  a Annual age-adjusted rate of new-onset stone disease per 100,000 population 
  b Annual age- and gender-adjusted rate of new-onset stone disease per 100,000 population 
 Age and gender adjustments based upon US Census 2000 data  

 Table 2.1    Incident symptomatic stone 
rates in Rochester, MN, USA, by 
decade  

 



152 Epidemiology of Stone Disease in North America

from a large community-based survey, the study provides 
representative information with regard to temporal trends in 
the prevalence of stone disease. In comparing the two study 
periods, the prevalence in the United States was noted to 
have increased from 3.8 to 5.7 %  [  6  ] . Such results should be 
interpreted with a degree of caution, given the emergence of 
improved technologies for detection and treatment of stone 
disease between the two periods. 

 Differences in prevalence according to geographical loca-
tion have been linked to dehydration and an associated increase 
in the concentration of lithogenic substances in the urine result-
ing from warmer climates  [  7  ] . Accordingly, the highest rates of 
stone disease are seen in the Southeastern United States,  [  8,   9  ]  
with the lowest rates in the West and Midwest (Fig.  2.2 ).  

 A higher prevalence of stone disease in males is consis-
tent across all age ranges, with a gradual increase in preva-
lence with age for both male and female patients (see 
Table  2.2 ). With regard to ethnicity, African Americans 
display less than half the prevalence of stone disease when 
compared with Caucasians  [  8,   10  ] .   

   Practice Patterns/Methods of Treatment 

 The proportion of health care expenditure allocated to the 
management of urolithiasis continues to increase in North 
America. In 2000, direct treatment costs were estimated to 

exceed 2.1 billion dollars  [  11  ] . This re fl ects both an increase 
in the prevalence of the condition and the emergence of novel 
minimally invasive treatment options. 

 Practice patterns within the United States have been cap-
tured by several databases, including HCUP (Healthcare 
Cost and Utilization Project), CMS (Centers for Medicare & 
Medicaid Services), CHCPE (Centre for Health Care Policy 
and Evaluation), and NAMS (National Hospital Ambulatory 
Medical Care Survey). 

 A total of 617,647 individuals presented to an emer-
gency room with a listed primary diagnosis of urolithiasis 
in 2000  [  11  ] . This amounts to an estimated rate of 226 
cases per 100,000 individuals. The increased availability 
and acceptance of minimally invasive techniques such as 
shock wave lithotripsy (SWL) and ureteroscopy led to an 
increase in ambulatory surgery between 1994 and 1998, 
with rates of 123/100,000 and 199/100,000, respectively. 
Accordingly, the mean length of hospital stay decreased for 
upper tract stones from 2.6 to 2.3 days during the same 
time period  [  11  ] . 

 A reduction in open surgical procedures corresponded 
with a 60 % increase in ureteroscopic procedures for the 
period between 1992 and 2000. The rates of percutaneous 
nephrolithotomy (PCNL) (3–6 %) and SWL (49–54 %) 
remained essentially unchanged  [  12  ] . Although more recent 
data are lacking, it is likely that the proportion of cases per-
formed ureteroscopically has continued to increase with the 
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  Fig. 2.2    Age-adjusted prevalence 
of kidney stones in the 1988–1994 
United States adult population by 
gender within regions    (Adapted 
with permission from Stamatelou 
et al.  [  6  ] )       
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advent and dissemination of improved optical systems and 
ancillary devices.  

   Stone Composition 

 Evidence from studies in industrialized countries suggests a 
signi fi cant change in the chemical composition of renal 
stones during the second half of the twentieth century  [  13–
  15  ] . Calcium oxalate (monohydrate and dihydrate) now 
accounts for more than 60 % of all stones. This is likely a 
re fl ection of alterations in diet, in particular an increase in 
consumption of foods high in sodium and animal protein. 
Although many of the larger studies have been conducted in 
Europe, the results are likely to be representative in a North 
American context. 

 Table  2.3  summarizes the distribution of the most fre-
quently encountered stones. While female patients are more 
likely to form phosphate stones, calcium oxalate stones are 
more common in male patients  [  16,   17  ] .   

   Urinary Parameters 

 Twenty-four-hour urine analysis remains an important part 
of the evaluation of the recurrent stone former. Low urine 
volume (de fi ned as less than 2 L/day) has been implicated in 
the formation of both calcium- and non-calcium-containing 

stones, and the inverse relationship between stone formation 
and urine volume has been proven in observational studies 
 [  18  ] . Up to 92 % of patients with uric acid stones demon-
strate low urine output  [  19  ] . Although not traditionally 
recommended, the consumption of caffeinated beverages 
(tea/coffee) and alcohol (wine/beer) has been shown in 
observational studies to reduce the subsequent risk of stone 
formation  [  20,   21  ] . 

 Up to 40 % of patients with calcium stone disease 
have associated hypercalciuria  [  22  ] . Hypercalciuria may 
also be seen in association with uric acid and struvite 
stones, with rates of 23 and 50 %, respectively  [  19  ] . 
Hyperoxaluria (>45 mg/day; 0.5 mmol/day) is more com-
monly seen in male calcium stone formers and may affect 
up to 40 % of such patients. In the North American popu-
lation, hypocitraturia (<320 mg/day; 1.67 mmol/day) is 
seen in 5–11 % of patients and in association with all 
stone types  [  18,   19  ] .  

   Table 2.2    Percent prevalence and adjusted odds ratio of kidney stone disease history in relation to region of residence, age, race/ethnicity, and 
use of diuretics among adults 20–74 years of age in 1988–1994 United States population   

 Female  Male 

 Independent variable  Number  % with stones  Odds ratio a   95 % CI  Number  % with stones  Odds ratio a   95 % CI 
  Geographic region  
 Northeast  1,066  4.4  0.77  0.5–1.2  840  6.7  0.81  0.5–1.4 
 South  3,207  5.2  1.0  2,906  7.5  1.0 
 Midwest  1,431  3.3  0.57  0.4–0.8  1,226  6.3  0.72  0.4–1.2 
 West  1,827  3.3  0.57  0.4–0.9  1,658  4.0  0.50  0.3–0.8 
  Age (years)  
 20–39  3,624  2.5  1.0  3,011  2.5  1.0 
 40–59  2,294  5.3  1.80  1.2–2.7  2,008  9.5  3.99  2.8–5.7 
 60–74  1,616  6.0  2.26  1.4–3.6  1,611  11.7  5.08  3.5–7.5 
  Race/ethnicity  
 Caucasian (non-
Hispanic) 

 2,796  4.6  1.0  2,420  7.4  1.0 

 African American 
(non-Hispanic) 

 2,312  1.7  0.35  0.2–0.5  1,900  1.8  0.24  0.2–0.3 

 Mexican American  2,094  2.4  0.64  0.5–0.9  2,055  3.0  0.62  0.5–0.9 
  Diuretic use  
 Yes  659  7.6  1.5  1.0–2.5  379  15.6  1.7  1.0–3.2 
 No  6,878  3.9  1.0  6,248  5.9  1.0 

  Adapted from  [  6  ]  
  a The odds ratios were estimated using a logistic regression model that included age group, race/ethnicity, geographic region of residence, and use 
of diuretics as independent variables  

   Table 2.3    Distribution of stone types in a North American 
population   

 Stone composition  Percentage 

 Calcium oxalate (monohydrate and dihydrate)  55–61 % 
 Calcium phosphate  12–13 % 
 Uric acid  8–14 % 
 Struvite (magnesium ammonium phosphate)  2–6 % 
 Cystine  1–6 % 

  Adapted from  [  19  ]   
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   Predisposing Factors 

   Medical 

 Results from the NHANES demonstrated an 80 % increase 
in the rate of extreme obesity in the USA between 1994 and 
2000  [  23  ] . This trend has continued through the  fi rst part of 
the twenty- fi rst century. In addition to increasing the dif fi culty 
and complications associated with the treatment of existing 
stones, comorbid health conditions such as diabetes mellitus, 
hypertension, and metabolic syndrome have been implicated 
in the increased prevalence of stones in the North American 
population  [  24–  27  ] . 

 Obesity has been shown to negatively impact on urinary 
parameters, with an increase in the excretion of lithogenic 
substances, including calcium, oxalate, sodium, and uric acid 
 [  28,   29  ] . The magnitude of this effect is more marked in 
females, which may account for a recent increased incidence 
of stone disease in this cohort of patients. 

 The formation of uric acid stones is commonly seen in 
those with obesity  [  30  ] . Insulin resistance may interfere with 
renal ammonium production and decrease urine pH  [  31  ] . In 
addition, a diet high in animal protein and purines is often 
seen in association with obesity and contributes to increased 
urinary acidity. 

 A range of other medical conditions, such as gout, 
in fl ammatory bowel disease, hyperparathyroidism, and renal 
tubular acidosis, have a well-established role in the formation 
of renal stones.  

   Surgical 

 In association with the increase in morbid obesity in North 
America and a frequent failure of individuals to lose weight 
with lifestyle interventions alone, there was a  fi vefold 
increase in the rate of bariatric surgery between 1998 and 
2002  [  32  ] . Although weight loss confers signi fi cant car-
diovascular bene fi t and reduces the likelihood of metabolic 
syndrome, modern bariatric surgery has been linked to high 
rates of hyperoxaluria  [  33–  35  ] . This has been found to be 
associated with a signi fi cant increase in the formation of 
calcium oxalate calculi within 5 years of surgery  [  36  ] . The 
mechanism for this remains elusive; however, it is likely to 
result from a combination of malabsorption and alterations 
in gut  fl ora.  

   Genetic 

 While a clear genetic basis exists for cysteine urolithiasis, 
the genetic contribution to more common forms of stone 
disease remains less well de fi ned. 

 A positive family history confers a 2.5 times increased 
risk of urolithiasis  [  37  ] . The relative contribution of environ-
mental factors such as diet and climate in such families as 
compared with genetic in fl uence alone requires further 
investigation.  

   Dietary/Environmental 

 As evidenced by the geographic variation in the prevalence 
of urolithiasis in North America,  [  8,   9  ]  rates of stone disease 
are higher in hot, dry climates due to associated dehydration 
and low urine volumes. 

 Between the time periods 1976–1980 and 1988–1994, the 
mean annual temperature (MAT) increased by 0.5 ° C in the 
United States. The prevalence of stone disease increased dur-
ing the same time period. The effect of climate change on 
rates of urolithiasis remains to be precisely de fi ned. Using 
climate change modeling data, which suggests that mean 
annual temperatures (MAT) will continue to rise in much of 
the United States,  [  38  ]  a 7–10 % increase in the prevalence 
in stone disease is predicted by 2050  [  39  ] . Figures  2.3  and  2.4  
demonstrate predicted changes in the geographical distribu-
tion of stone disease, with an expansion of the “stone belt” 
from the Southeast to the Midwest of the United States.   

 Several dietary constituents have been implicated in the 
formation of stones. These are particularly relevant in a 
North American context, where the diet is generally high in 
both sodium and animal protein. Animal proteins have been 
shown to reduce urinary citrate excretion and increase cal-
cium excretion  [  40  ] . Likewise, dietary sodium has been 
shown to induce hypercalciuria  [  41  ] . 

 Consumption of high-sugar carbonated beverages has 
been implicated in the rapid increase in rates of metabolic 
syndrome, obesity, diabetes, and cardiovascular disease 
seen within North America. Of all food types, soda is cur-
rently the greatest contributor to caloric intake in the United 
States  [  42  ] . Given the overwhelming evidence that obesity 
predisposes to urolithiasis, it is likely that soda indirectly 
contributes to stone disease. In addition, such beverages 
may contribute directly via the metabolism of fructose (the 
main sweetener used in soda), which increases serum uric 
acid  [  43  ] . 

 The use of vitamin supplements has increased markedly 
over recent years in Western countries  [  44–  46  ] . It has been 
estimated that approximately 40 % of Canadian adults reg-
ularly take supplements  [  47  ] . A proportion of these prepa-
rations contain high doses of vitamin C (ascorbic acid). 
Due to the metabolism of vitamin C to oxalate, supplemen-
tation in excess of the recommended daily intake (90 mg) 
has been associated with increased oxalate excretion  [  48  ]  
and a 40 % increase in stone formation  [  24  ] . In light of 
these results, patients with a history of calcium oxalate 
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stone disease should be advised to avoid supplements 
containing vitamin C. 

 The importance of adequate dietary calcium in the pre-
vention of osteoporosis for postmenopausal women is well 
established. In the knowledge that up to 80 % of stones in 
North America are calcium-containing, the contribution of 
dietary and supplemental calcium to stone formation has 
been thoroughly investigated  [  51  ] . Contrary to initial 
beliefs, several studies have convincingly demonstrated an 
inverse relationship between dietary calcium and risk of 

stone formation  [  24,   49,   50  ] . In light of these results, there 
appears to be no role for calcium restriction in the context 
of urolithiasis.   

   Conclusion 

 Although the incidence appears to have stabilized in North 
America over the past three decades, urolithiasis remains 
a signi fi cant health issue, with associated high costs and 
morbidity. Epidemiological studies have identi fi ed new 
challenges speci fi c to the North American population, 
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model. At 2000, 41 % of the population is within a high-risk zone, 56 % 

at 2050, and 70 % at 2095, based on year 2000 population distribution 
(Adapted with permission from Brikowski et al.  [  39  ] . Copyright 2008, 
National Academy of Sciences, U.S.A.)       
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change by 2050 for the USA. Strongest warming is in the midcontinent 
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et al.  [  39  ] . Copyright 2008, National Academy of Sciences, U.S.A.)       
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particularly in relation to an association between obesity 
and stone disease.      
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