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Chapter 1
Epidemiology of Pediatric Nephrolithiasis

Belinda Li and Douglass B. Clayton

�Introduction

Across populations, urolithiasis is a steadily growing diagnosis characterized by the 
formation and retention of stones in the kidneys, ureters, and bladder. Globally, the 
estimated prevalence of urolithiasis varies by geographic region, ranging from 
5–9% in Europe, 1–5% in Asia, and 7–13% in North America [1]. In the United 
States, the incidence is rising due to various metabolic, environmental, and dietary 
factors. Based on data from the National Health and Nutrition Examination Survey 
(NHANES), the prevalence of urolithiasis in the United States among adults rose 
from an estimated 3.8% in 1980 to 5.2% by 1994, and further to 8.8% by 2010 [2, 3].

While a wealth of data exists regarding the driving factors for urolithiasis in 
adults, urinary tract stones among children are far less common and thus less well-
studied. From limited statewide databases in the United States, the overall change in 
incidence of urolithiasis appears to follow or surpass rates seen in adults [4, 5]. 
These trends provide an important perspective given the unique challenges related 
to the overall impact of urolithiasis management in children. Children and adoles-
cents may be less likely than adults to experience spontaneous stone passage and 
therefore are more likely to require surgical intervention [4, 6]. Children remain at 
high risk for recurrence, radiation exposure, and morbidity over the remainder of 
their lifetimes [7–9], and are more likely to have underlying metabolic abnormali-
ties [10]. Herein, we aim to describe the current epidemiologic landscape of pediat-
ric urolithiasis in the United States as well as the important contributing factors.
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�Scope of the Problem

Historically, a child presenting with a symptomatic urinary tract stone was an 
uncommon event. However, clinical experience and emerging data both suggest that 
urolithiasis is increasingly diagnosed in children. Evidence from older case series 
indicate that pediatric stone incidence in the United States during the 1970s–1980s 
was estimated to be 1 in 1000 to 1 in 7600 hospital admissions [11, 12]. More con-
temporary data demonstrate a rising incidence is occurring in US children. A review 
from a single children’s hospital compared the incidence across two 3-year time 
periods, 1994–1996 and 2003–2005, respectively [13]. The investigators found that 
the number of identified cases increased from 7 in the first period to 61 in the second 
period, or an increase of 4.6 times higher when expressed as cases per 100 new 
patients.

Similar observations of rising pediatric incidence have been made through mul-
tiple population-based studies. From a statewide South Carolina medical encounter 
database consisting of emergency, inpatient, and surgical care data for both adults 
and children, the greatest increase in stone incidence out of all age groups was found 
in 15–19 year olds [14]. On average, the incidence among this group increased by 
26% over 5  years. In a similar study investigating a South Carolina database of 
emergency department visits, Sas et al. found an increase in pediatric stone inci-
dence from 7.9 per 100,000 children in 1996 to 18.5 per 100,000 in 2007 [15]. Rates 
of pediatric stone presentations were 2.2 times higher in the last three years of the 
study compared to the first three years. Supportive data are also found in several 
national administrative databases used to understand urolithiasis trends in the United 
States. A Pediatric Health Information Systems (PHIS) database study by Routh 
et al. compared encounters among children with urolithiasis against encounters for 
other common diagnoses [16]. Over a 10-year period of time, they found that 
encounters for children with stones increased almost sixfold compared to appendi-
citis and nearly eightfold compared to bronchiolitis. Bush et  al. also queried the 
PHIS database and reported that urolithiasis comprised 1 in 685 children’s hospital 
admissions between 2002–2007, tenfold higher than the historical reports discussed 
above [17]. Furthermore, evidence exists that the management of pediatric urolithia-
sis has shifted from inpatient to outpatient settings, signaling an even greater burden 
of pediatric stones not captured in these inpatient database studies [18, 19].

Yet, although there are numerous publications consistently describing this upward 
trend in pediatric urolithiasis, the most recent pediatric administrative dataset from 
the Urologic Diseases in America project published in 2019 indicates otherwise. The 
Optum© Clinformatics® Data Mart database utilized by the Urologic Diseases in 
America Project, which includes longitudinal data from inpatient, outpatient, and 
emergency settings, interestingly identifies a downward trend in urolithiasis rates 
leading into 2016 following a steady climb between 2005 and 2011 [20]. Overall 
rates over time were 52.8 cases per 100,000 person-years in 2005 to as high as 65.2 
cases per 100,000 person-years in 2011, then dropped to 54.1 cases per 100,000 
person-years in 2016. Theories to explain this latest shift have not been elucidated. 
Likewise, Modi et al. reported a recent decline in pediatric inpatient hospitalizations 
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approaching 2014 through the Nationwide Inpatient Sample, though conclusions 
were limited by the absence of concurrent ambulatory or outpatient data [19]; the 
authors propose that hospitalizations have declined as treatment has shifted more 
toward outpatient care. Given these dynamic patterns, it will be important to continue 
to follow these trends into the future to capture the evolution of this disease.

�Population Characteristics

While the growing rate of pediatric urolithiasis since the new millennium is evident, 
clear reasons to explain such patterns are still being explored as new data emerges. 
Currently, we must rely on large cohorts and population-level data to better under-
stand how stones may afflict groups of children and adolescents differently. These 
findings offer new perspectives around this changing epidemiology.

�Sex

Patient sex does appear to play a role in stone presentation, and recent pediatric lit-
erature suggests a sex predilection for urolithiasis among children. Previously, 
based on data incorporating primarily adults, stones were classically noted to occur 
more commonly in males than in females. In a 1984 global epidemiological study 
accounting for 340,000 stones, women in countries in Europe and Asia reportedly 
made up as little as 5% of the stone population through the first half of the nine-
teenth century [21]. This percentage rose quickly to 30–40% into the 1980s. 
NHANES III data referenced earlier from 1994, which relies on reported history of 
stones, showed a prevalence of 6.4% among men compared to 4.1% among women 
in the United States; the follow-up study in 2010 showed an overall rise but consis-
tent differential with a prevalence of 10.6% in men and 7.1% in women [2].

In contrast, the opposite trend has been developing in children, with current data 
showing higher rates of urolithiasis in girls than in boys. A Rochester, Minnesota-
based database capturing all pediatric incident kidney stone presentations within the 
county over 25 years found 49 females (58%) and 35 males (42%) [5]. Adjusting for 
age, the incidence of stones in females was 12.6 per 100,000 person-years com-
pared to 8.6 in males. In South Carolina, the stone incidence in 2007 for girls was 
1.4 times higher than for boys [15]. Kusumi and colleagues examined discharge 
data from the Kids’ Inpatient Database (KID) from 1997 to 2012 and found that 
females accounted for 60% of inpatient discharges for nephrolithiasis and ureteroli-
thiasis [18]. Their findings confirmed those from two similar studies utilizing KID 
data from 2003 and 2006, in which girls comprised more diagnoses than boys at an 
approximately 2:1 ratio [22, 23]. Of note, while girls made up the bulk of total 
patients, sex distribution was not consistent throughout all age groups. In the first 
decade of life, urolithiasis was more common in boys than in girls. However, in the 
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second decade, stone prevalence was higher overall compared to the first decade, 
and girls made up the overwhelming majority of patients [22]. Routh et al.’s PHIS 
cohort of pediatric stone diagnoses showed greater parity between sexes with 47% 
male and 53% female, but males again made up the majority of the patients aged 
11  years and under while females overwhelmingly accounted for the population 
aged 12–18 years [16]. Proposed theories to explain this sex predilection, particu-
larly in the second decade of life, include the potential of lithogenic hormonal 
changes during puberty. In a placebo-controlled randomized trial in postmenopausal 
women, estrogen therapy was associated with an increased risk of nephrolithiasis 
possibly due to changes to urine chemistry [24]. Similar lithogenic effects of estro-
gen in adolescent females have yet to be identified.

�Age

While the combination of age and sex clearly influence stone development, age 
alone demonstrates distinct epidemiologic patterns. Generally, both the prevalence 
and the incidence of kidney stones increases with age up to a peak between the 
mid-40s and mid-60s [14, 21, 25]. While the usual time of presentation is variable 
among children, most initially present between 5 and 15 years of age [26]. However, 
the risk of stone disease in children likewise increases with age, and age remains the 
strongest predictor of stone risk [23]. Children 2 years old or younger make up a 
very small percentage of patients admitted to hospitals or presenting to EDs with 
symptoms [15, 16]. In Bush et  al.’s sample from PHIS between 2002 and 2007, 
children under 2 years old comprised only 3% of all stone admissions, compared to 
40% of all other hospitalized diagnoses [17]. Teenagers, however, made up over 
45% of stone admissions. In addition to accounting for the majority of diagnoses, 
teens have also seen the highest increase in incidence over the last two decades 
whereas the incidence in younger age groups remained relatively flat [15]. 
Multivariate logistic regression modeling of KID data revealed age to be the only 
variable significantly associated with stone disease when compared to sex and sev-
eral comorbidities that have been linked to stone risk in adults [23]. Regarding stone 
location, older children are more likely to have ureteral stones while younger chil-
dren are more likely to have renal stones [27]. The mean age for surgical interven-
tion typically ranges between 10 and 15 years, with older age being an independent 
predictor for surgical intervention [8, 9, 19].

�Race/Ethnicity

Within the United States, several studies support a greater likelihood for developing 
urolithiasis among Caucasian children compared to other ethnicities [16, 17, 20]. 
Caucasian children evaluated in the ED for nephrolithiasis were 5.6 times more 
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likely to have stones compared to African American children [15]. Caucasian chil-
dren also have higher rates of surgical intervention and hospitalization. These pat-
terns also continue into adulthood—among adults in the United States, non-Hispanic 
white individuals have a stone prevalence of 10.3%, compared to 6.4% in Hispanics, 
and 4.3% in non-Hispanic African Americans [2].

�Geography and Environment

The Southeastern region of the United States has traditionally been known as the 
“stone belt,” where rates of urolithiasis are significantly greater than in other parts 
of the country. The prevalence of stones in this region is as much as two times that 
in the Northwest according to a national survey of disease history, the Second 
Cancer Prevention Survey (CPS II), distributed to over one million Americans [28]. 
This difference has been primarily attributed to greater ambient temperatures and 
sunlight. While most of these data were determined from adult populations, pediat-
ric rates appear to follow a similar pattern. Kusumi et al. [18] found that children in 
the southern United States made up 42% of all patients admitted with urolithiasis 
over a 12-year span of national administrative data collection. A plausible explana-
tion is a greater likelihood for relative dehydration and low urine volumes from 
inadequate fluid intake while living in hotter climates, leading to both increased 
acidity of the urine and increased supersaturation of calcium oxalate and calcium 
phosphate in the urine [29, 30]. Indeed, often the most common abnormality on 
24-hour urine collections in pediatric stone formers is low urine volume [31]. To 
address one aspect of this problem, Bernard and colleagues have developed an 
equation for adolescents to relate urine volume to water consumption [32]. Types of 
fluids consumed may also play a role. To examine the relationship between bever-
age choice and hydration in children, Bugatsas et al. collected a beverage diary over 
two days for 210 children aged 8–14 years with a 24-hour urine collection on the 
second day [33]. Only increased water and milk consumption were associated with 
lower 24-hour urine osmolality whereas sodas, teas, sports drinks, and energy drinks 
together with diminished water intake were associated with higher urine osmolality. 
Others have reported up to a 23% increased risk of kidney stones associated with 
sugar-sweetened cola beverages [34], and CPSII respondents from the Southeast 
reported drinking more teas and colas than those in other parts of the country, 
accounting for some of the increased odds of urolithiasis [28].

Over time, environmental factors will likely continue to play a progressively 
larger role in the epidemiology of pediatric urolithiasis in the United States. Climate 
change, for instance, will have far-reaching effects on multiple spheres, including 
social, economic, environmental, and certainly public health. The “stone belt” in the 
United States is projected to expand to more northern latitudes based on warming 
predictions, particularly in the midcontinent and upper Midwest. In 2000, 41% of 
the US population were considered to be within “high-risk” zones. This percentage 
is expected to increase to 56% and 70% in 2050 and 2095, respectively [35]. The 
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overall prevalence of stones attributable to climate change in the country is pre-
dicted to go up by 10% by 2050.

Additionally, childhood obesity has nearly tripled in the United States since the 
1980s and is becoming more common in younger ages [36]. According to the 
NHANES, obesity prevalence in adolescents, the age group most commonly 
affected by urolithiasis, increased from 10.5% in 1998–1994 to 20.6% in 2013–2014. 
Children aged 2–5 years saw a sharp increase in class I obesity (BMI ≥95th percen-
tile) over a single year, and extreme obesity (BMI ≥120% of 95th percentile) 
increased in children across a wide age range of 6–19 years [37, 38]. In response to 
these trends, some have hypothesized that the rising pediatric stone incidence is 
associated with the increase in childhood obesity, but several studies have failed to 
show a clear correlation between BMI and stone formation [4, 5, 23, 39]. In con-
trast, a relationship has been described in the adult population through mechanisms 
of altered acid/base handling and urine chemistries as a result of dietary and life-
style habits [40]. Taylor et al. performed a prospective study involving three large 
cohorts of nearly 250,000 adult participants and found that weight gain, increased 
BMI, and waist circumference were all positively associated with incident kidney 
stones after adjusting for multiple factors in both men and women [41].

�Underlying Conditions

An important point of distinction in the epidemiology of pediatric urolithiasis is the 
role of metabolic disorders and congenital anatomic anomalies in the pathophysiol-
ogy of stone formation in this population. Discharge data following inpatient hospi-
talization for nephrolithiasis through the KID database revealed the most commonly 
associated diagnoses were other diseases of the kidney and ureters (37%), genitouri-
nary symptoms and ill-defined conditions (14%), and other nutritional, endocrine, 
and metabolic disorders (13%) [18]. At least one metabolic abnormality on 24-hour 
urine collection was identified in as high as 91% of pediatric stone formers in a 
series of 222 children and adolescents who all underwent serum and urine collec-
tion [42]. In order of frequency, the most common urine abnormalities were low 
urine volume, idiopathic hypercalciuria, and hypocitraturia. Similar series have 
reported rates of metabolic abnormalities in children ranging from 50% to 80% [7, 
31, 43]. Children with other medical conditions with metabolic effects including 
seizure disorders, cystic fibrosis, nephrocalcinosis, or inborn errors of metabolism 
also constitute many young stone formers. Children with epilepsy managed in part 
with ketogenic diets have a 3–10% likelihood of developing nephrolithiasis [44, 
45]. Patients with cystic fibrosis have a higher prevalence of nephrolithiasis than the 
normal population and are predisposed to nephrocalcinosis which has been found in 
up to 92% of postmortem autopsies [46, 47].

While rates of urinary metabolic abnormalities are largely similar between chil-
dren and adults [48, 49], there is a paucity of guidelines directing the utilization of 
24-hour urine collections as a diagnostic tool to detect metabolic derangements in 
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children. It has been recommended that all high-risk or recurrent adult stone form-
ers undergo 24-hour urinalysis but only 10% of these adults undergo such evalua-
tion [50]. At present, the general recommendation is that comprehensive metabolic 
evaluations should be pursued in children given their high risk for recurrence. 
However, current guidelines on medical management and prevention of kidney 
stones published by the American Urological Association do not address children 
specifically, highlighting an area for improved consensus in the United States [51].

Congenital anomalies of the kidney and urinary tract (CAKUT) or other struc-
tural abnormalities are also frequently associated with urolithiasis as a result of 
stasis of urine, turbulent flow, or susceptibility to urinary tract infection [52, 53]. 
Some of these conditions include hydronephrosis, ureteropelvic junction obstruc-
tion, horseshoe kidney, medullary sponge kidney, autosomal dominant polycystic 
kidney disease, and neurogenic bladder. 11–30% of pediatric stone formers have 
an underlying structural abnormality according to various case series in the 
United States [4, 13, 43, 54, 55]. However, 95–99% of children with anatomic 
anomalies will not develop urolithiasis, suggesting that concurrent metabolic 
abnormalities play an important role in a multifactorial process in pediatric stone 
formers [52].

�Incidental Diagnosis

The evolution of imaging studies has also certainly shaped current patterns in pedi-
atric urolithiasis. Many urinary tract stones in children may be diagnosed inciden-
tally because of the increasing use of advanced imaging modalities such as computed 
tomography (CT) for the evaluation of both suspected urolithiasis and for non-
specific abdominal complaints. A large retrospective study of computed tomogra-
phy (CT) use in children between 1996 and 2010 revealed an increase from 10.5 
scans to 23.9 scans per 1000 children aged between 5 and 14 years, with the greatest 
increase occurring in the anatomic region of the abdomen/pelvis [56]. Children 
undergoing evaluation specifically for nephrolithiasis in recent years were also 
more likely to have a CT scan. Routh et al. identified children diagnosed with uro-
lithiasis using the PHIS database between 1998 and 2008 and found that while the 
overall imaging rate remained stable, the use of CT increased from 26% to 45% 
over the study period [16]. Furthermore, of patients who received CT, the majority 
(79%) completed two or more studies. However, the direct contribution of temporal 
trends of increasing CT utilization on rising pediatric urolithiasis rates is still diffi-
cult to confirm. One series examining the use of pediatric abdominal/pelvic CT 
scans in the emergency department reported a new urologic finding in 7% of all 
scans [57]. Nearly 60% of findings were incidental, with stones making up approxi-
mately 3% of incidental findings. A Canadian series of newly diagnosed urolithiasis 
in children between 1999 and 2004 revealed that more than 50% of children under-
went CT imaging, and 21% of diagnoses were incidental [58]. Because children, 
especially those younger than 5 years old [10], can present in myriad nonclassical 
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ways, we can expect incidental diagnoses to continue to make up a meaningful por-
tion of pediatric urolithiasis.

Of note in the most recent decade, overall CT use in children has seen a small 
decline owing in part to the Image Gently® campaign, an alliance among multiple 
specialty societies to reduce the exposure to ionizing radiation in children [59]. 
Comparing 2005 to 2016, rates of CT for pediatric urolithiasis patients were 1.5 per 
120 person-days and 0.7 per 120 person-days, respectively, according to Urologic 
Diseases in America project data [20]. We have not yet seen if this campaign specifi-
cally has significantly impacted the rate of CT use in suspected urolithiasis. In an 
analysis by Streur et al. examining the impact of the campaign on CT use, children 
diagnosed with nephrolithiasis obtained a CT in 49% of cases before the campaign 
launch and 54% in the years after (p < 0.001) [60]. However, the authors compared 
trends between adults and children and found that CT has been decreasing in both 
groups since the launch, suggesting that Image Gently® alone does not account for 
this downward trend.

�Recurrence

In all cases, recurrence rates increase with longer follow-ups, making children 
particularly vulnerable to future stone episodes. The recurrence of kidney stones 
in adults is very common, with up to 50% of adult incident stone formers experi-
encing a second occurrence within 5–10  years [61, 62]. However, the reported 
rates of recurrence among pediatric series are more variable, ranging from 16 to 
67% at a median interval of 1–5 years between episodes [6–8, 43, 54]. The most 
recent institutional series in the United States included 285 children presenting 
with a symptomatic stone over a 7-year period, though patients with predisposing 
genetic or anatomic abnormalities were excluded. Sixty-eight children, or 24%, 
developed a recurrence within the relatively short 492 person-years of follow-up 
[7]. In comparison, Milliner and Murphy’s 1993 series of all-comers 16 years of 
age and younger diagnosed with nephrolithiasis reported a recurrence rate of 67% 
over a mean follow-up of 5 years [43]. Notably, their series from a high-volume 
referral center contained 66 children (33%) with a defined genitourinary anatomic 
anomaly.

Among stone formers, certain children are at a higher risk of recurrence than 
others. The two most common underlying predisposing factors are urinary meta-
bolic abnormalities and anatomic anomalies. Metabolic abnormalities such as 
hypercalciuria and hypocitraturia may increase recurrence up to fivefold compared 
to children without identifiable abnormalities [6, 63]. In a series of children who 
underwent surgical intervention for urolithiasis and developed a recurrence within 
5 years, 65% with an anatomic abnormality (primarily hydronephrosis and vesico-
ureteral reflux) compared to 38% without had a recurrent stone (p = 0.17) [8]. Other 
factors like genetic conditions including cystinuria are less common but still place 
children at greater risk, while idiopathic stone formers have the lowest likelihood of 
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future recurrence. Together, these data emphasize the importance of the diagnosis of 
metabolic abnormalities and treatment directed at urolithiasis prevention.

�Economic Impact

As the incidence of pediatric urolithiasis has risen, so too has the overall economic 
burden of the disease. Using comprehensive data from the NIH’s Urologic Diseases 
in America project and NHANES data, estimates of the total annual costs of the 
diagnosis, treatment, and prevention of all urinary tract stones in the United States 
are projected to go from $2.1 billion in 2000 to $4.6 billion by 2030 [64, 65]. These 
figures are up from $1.4 billion in 1994 for over a threefold increase over the course 
of 30 years [64]. The primary factors contributing to these estimates are a growing 
population and increasing rates of diabetes and obesity in adults driving the growing 
prevalence of stones.

Cost estimates within pediatrics alone are somewhat limited by available data 
sources, but few observations have been published. Overall, children unsurprisingly 
make up a relatively small percentage of the nation’s overall cost of urolithiasis due 
to lower prevalence. Inpatient charges captured by KID increased from $8.3 million 
in 1997 to $17.6 million in 2012 despite a small 2% decline in inpatient urolithiasis 
discharges [18]. The average charge for the entire hospitalization was calculated at 
$22,000. Even though children <5 years of age accounted for 9% of discharges, 
their hospital charges were on average $1680/day higher than older patients. ED 
charges have also increased, from a mean charge per visit of $3645  in 2006 to 
$5827 in 2012, possibly reflecting increased utilization of imaging in the ED [66]. 
Focusing on a single year (2009), Wang et al. were able to expand upon more granu-
lar data regarding inpatient hospitalization costs for urolithiasis [67]. Approximately 
31% of admitted children underwent a surgical procedure, with the most common 
procedure being ureteral stent placement or removal (20.4%). The highest admis-
sion charges were for those undergoing percutaneous nephrolithotomy, with a 
median charge of $34,334, compared to approximately $18,000 for a ureteroscopy 
or ureteral stent only. Adding ED charges to inpatient charges, they estimated a total 
annual hospital-based cost of $375 million, still grossly underestimating the total 
economic burden that also encompasses outpatient and ambulatory surgery care. At 
present, knowledge of the total economic burden of pediatric urolithiasis remains 
undefined and is an area that will benefit from continued study.

�Conclusions

The pediatric urolithiasis problem in the United States is evolving. Though we have 
seen a rising incidence over the last few decades, new data is emerging that this 
trend may be shifting. We sought to present the current climate with a focus on how 
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stone disease may affect our pediatric populations in different ways. Going forward, 
continued research efforts should be directed toward improving stone diagnosis, 
management, and prevention among children and adolescents to better understand 
the unique challenges facing these populations compared to their adult 
counterparts.
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