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Ágrip 

Inngangur: Nýrnasteinar eru fremur óalgengir meðal barna en tíðni þeirra hefur ekki verið vel 

rannsökuð í þeim aldurshópi. Nýlegar rannsóknir hafa bent til aukins nýgengis nýrnasteinasjúkdóms í 

börnum.  Markmið rannsóknarinnar var að kanna nýgengi, algengi og endurkomutíðni 

nýrnasteinasjúkdóms í íslenskum börnum á árunum 1985-2013.  

Efniviður og aðferðir: Gagna var aflað úr sjúkraskrárkerfum Landspítala, Sjúkrahússins á Akureyri og 

Röntgen Domus Medica er tóku til sjúkdóms- (ICD), myndgreiningar- og aðgerðakóða er skilgreindu 

nýrnasteina meðal einstaklinga <18 ára aldri. Sjúkraskrár allra þátttakenda voru yfirfarnar til að 

skilgreina þýðið, sannreyna steinasjúkdóm og finna einkenni sem tengdust sjúkdómnum og 

endurkomu. Endurkoma nýrnasteina var skilgreind sem kviðverkir með blóðmigu, merki um 

niðurgöngu steins og/eða merki um nýjan stein á myndrannsókn. Aldursstaðlað nýgengi nýrnasteina í 

þessum aldursflokki var reiknað út frá mannfjöldatölum Hagstofu Íslands fyrir tímabilin 1985-1989, 

1990-1994, 1995-1999, 2000-2004, 2005-2009 og 2010-2013, og breytingar skoðaðar með poisson 

aðhvarfsgreiningu. Algengi var reiknað fyrir árin 1999-2013. Kaplan-Meier aðferð var notuð til að meta 

endurkomu og kí-kvaðrat, Fisher´s exact, Wilcoxon rank-sum og log-rank próf til að bera saman hópa.  

Niðurstöður: Alls greindust 190 einstaklingar með sinn fyrsta stein á rannsóknartímabilinu og af þeim 

voru 112 (59%) stúlkur. Miðgildi (spönn) aldurs við greiningu var 15,0 (0,2-17,99) ár. Árlegt nýgengi 

jókst úr að meðaltali 3,7/100.000 á fyrstu 5 árum rannsóknartímabilsins í 11,0/100.000 á árunum 

1995-2004 (p<0.001), en minnkaði svo niður í 8,7/100.000 á árunum 2010-2013 (p=0.63). Mesta 

aukning á nýgengi reyndist vera meðal stúlkna á aldrinum 13-17 ára en þar jókst nýgengið úr 

9,8/100.000 árin 1985-1989 í 39,2/100.000 árin 2010-2013. Nýgengi lækkaði marktækt (p=0.02) 

meðal drengja seinni hluta tímabilsins.  Algengi nýrnasteinasjúkdóms meðal barna árin 1999-2013 var 

að meðaltali 45/100.000 hjá drengjum og 52/100.000 hjá stúlkum og breyttist ekki marktækt á 

tímabilinu. Eftirfylgdartími var 12,0 (0-29) ár, á þeim tíma fengu 68 (36%) annað steinakast 1,7 (0,9-

18,9) árum eftir fyrstu greiningu. Endurkomutíðni var 26%, 35%, 41% og 46% eftir 5,10,15 og 20 ára 

eftirfylgd. Enginn munur var á endurkomutíðni drengja og stúlkna (p=0,23) eða þeirra sem greindust 

fyrir eða eftir 13 ára aldur (p=0,55). Marktækur munur reyndist vera á endurkomutíðni milli þeirra sem 

greindust árin 1985-1994, 1995-2004 og 2005-2013 og var 5 ára endurkomutíðni þeirra 9%, 24% og 

37% (p=0,005). Algengustu áhættuþættir í þvagi reyndust vera of lítill útskilnaður á sítrati 

(hypocitraturia) og magnesíum (hypomagnesuria). 

Ályktanir: Nýgengi nýrnasteinasjúkdóms fór vaxandi á rannsóknartímabilinu, fyrst og fremst vegna 

mikillar aukningar á tíðni sjúkdómsins meðal stúlkna á aldrinum 13-17 ára. Þó svipuðum breytingum 

hafi verið lýst í nýlegum erlendum rannsóknum vekur lækkandi nýgengi meðal drengja síðustu 10-15 

árin athygli. Endurkomutíðni nýrnasteina meðal íslenskra barna reyndist vera svipuð og hjá 

fullorðnum. Endurkomutíðni virðist vera að aukast og gæti það tengst bættri greiningu og skráningu á 

nýrnasteinaköstum og/eða umhverfisþáttum sem áhrif hafa á steinamyndun. 
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Abstract 

Introduction: Although kidney stone disease is a rather uncommon disorder in children, recent 

studies have suggested an increase in the incidence of pediatric stone disease. The purpose of the 

study was to investigate the incidence, prevalence and recurrence rate of kidney stone disease in 

Icelandic children from 1985-2013. 

Methods: Medical information systems of all major hospitals and medical imaging centers in the 

country were searched for diagnoses, radiology and surgical procedure codes indicative of kidney 

stones for children aged <18 years, during the years 1985-2013. Medical records at these institutions 

were retrospectively reviewed to document clinical characteristics of patients and to look for evidence 

for kidney stone recurrence. Stone recurrence was defined as an episode of flank or abdominal pain 

associated with hematuria, self-reported stone passage and/or radiologic signs of a new urinary stone. 

Age-adjusted incidence was calculated for the time periods 1985-1989, 1990-1994, 1995-1999, 2000-

2004, 2005-2009 and 2010-2013 and poisson regression used to assess changes in incidence. 

Prevalence was calculated for the years 1999-2013. The Kaplan-Meier method was used to assess 

stone-free survival and chi-squared, Fisher´s Exact, Wilcoxon rank-sum and the log-rank test to 

compare groups.  

Results: There were 190 incident patients, 112 (59%) of whom were female and the median (range) 

age at diagnosis was 15.0 (0.2-17.99) years. The overall mean annual incidence increased 

significantly (p<0.001) from 3.7/100,000 in the first 5 years to 11.0/100,000 during the years 1995-

2004, but decreased thereafter to 8.7/100,000 in 2010-2013 (p=0.63). The most significant rise in 

incidence was seen in girls aged 13-17 years, for whom the rate increased from 9.8/100,000 in 1985-

1989 to 39.2/100,000 in 2010-2013 (p<0.001). There was a significant decresase in incidence 

(p=0.02) among boys during the latter part of the study period The prevalence in 1999-2013 was 

45/100,000 for boys and 52/100,000 for girls. Sixty-eight (36%) children experienced a second stone 

event, at 1.7 (0.9-18.9) years after the initial diagnosis. The follow-up time was 12.0 (0-29) years. The 

recurrence rate was 26%, 35%, 41% and 46% after 5, 10, 15 and 20 years of follow-up, respectively. 

There was no difference in recurrence between boys and girls (p=0.23) nor in those aged below and 

over 13 years at diagnosis (p=0.55). The 5-year recurrence rate increased with time and was 9%, 24% 

and 37%, in the periods 1985-1994, 1995-2004 and 2005-2013, respectively (p=0.005). The most 

common urinary meatabolic risk factors were hypocitraturia and hypomagnesuria. 

Conclusions: The overall incidence of kidney stone disease increased during the study period, 

primarily in girls aged 13-17 years, while the incidence in boys decreased significantly during the latter 

part of the study period. The incidence increase in teenage females may be antedating a more 

significant shift in the sex ratio in older age groups. The recurrence rate of kidney stones is similar to 

that reported in adults. The observed increase in stone recurrence with time may be related to closer 

patient follow-up in recent years or changing stone risk in general. 
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1 Introduction 
 
Kidney stone disease is a common disorder in adults all over the world where the estimated 

lifetime prevalence is 10-12% in men and 5-6% in women (2). Prevalence of kidney stones in 

children varies between different geographic locations (3) and is endemic in Turkey, Pakistan, 

Saudi Arabia and some South Asian and African countries (4). Within the United States (US), 

pediatric stone hospitalizations are more common in the North Central region compared to 

the Southern States (5). The epidemiology of kidney stone disease in European children is 

not well studied although a previous work published by our group found a high incidence of 

urolithiasis among Icelandic children when compared to other Western countries (6). Kidney 

stone disease has been associated with increased risk of chronic kidney disease (CKD) and 

end-stage renal disease (ESRD) in adults (7-9) and children, in whom approximately 8% of 

CKD has been linked to nephrolithiais (10, 11).   

1.1 Epidemiology 
A significant rise in the incidence and prevalence of kidney stone disease during the last two 

to three decades has been described in recent studies in the adult population (2, 12-15). 

Although the epidemiology of kidney stones in children and adolescents is less well defined 

than in adults, several reports suggest a significant increase in the occurrence of stone 

disease in the pediatric population (16-20). A study by Routh et al, based on the Pediatric 

Health Information System database which collects data from 42 freestanding pediatric US 

hospitals, showed that the mean number of kidney stone cases per hospital per year 

increased from 13.9 to 32.6 in the years 1999-2008 (19). A single-center study by 

VanDervoort et al. investigating pediatric patients presenting to an outpatient nephrology 

clinic in the state of New York showed a fivefold increase in the number of kidney stone 

patients between 1994-1996 and 2003-2005 (18). These findings, from referral and single 

instituation based studies, are further supported by two population-based US investigations 

(16, 17) and one from Japan (15). The Japanese national study, examining kidney stone 

disease 1965-2005, found an increase in the incidence of stone disease in children aged 10-

19 years over this 40 year period. The incidence in girls 10-19 years old increased from 

7/100,000 in the year 1965 to 12/100,000 in 2005 but a greater incidence rise was seen in 

boys where the incidence rose from 11/100,000 in 1965 to 18/100,000 in 2005 (15). Sas et al. 

investigated the incidence of kidney stones in children 0-18 years of age in the years 1996-

2007, based on emergency room visits in the state of South Carolina. In that study the 

incidence of symptomatic kidney stones increased from 7.9 per 100,000 children in the year 

1996 to 18.5 per 100,000 in 2007 (16). Another population-based study from Olmsted County 

Minnesota by Dwyer et al, based on the Rochester Epidemiology Project, showed an 

increase in the incidence of urolithiasis from 7.2 per 100,000 in the years 1984-1990 to 14.5 

per 100,000 in the years 2003-2008 (17). Both of these studies reported the greatest 

incidence rise in teenagers.  
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Although most of the above studies indicate a true rise in the incidence of kidney stones, 

studies in both children (17, 18) and adults (12) suggest that increased detection of both 

symptomatic and asymptomatic stones with sensitive imaging technologies such as 

computed tomography (CT) may be contributing to the incidence rise observed. In contrast, 

however, a recent US study examining the etiology of pediatric stone disease, questioned the 

influence of CT use on the incidence rise as the majority of incident stones (73%) in that 

study were detected by ultrasound (21), while only 27% of participants had undergone CT 

imaging for stone diagnosis.  

The reasons for the increasing incidence of kidney stone disease among children in 

recent years are unknown. Because of the obesity epidemic, occurring simultaneously, some 

authors have proposed obesity as a possible explanation. However, when examining data 

from the USA in the years 1999-2008, a period when there was a significant increase in 

pediatric stone disease, no significant change in the rate of overweight or obesity was 

observed among children (22). Sodium intake may be another possible explanation as there 

is evidence that salt consumption in the US pediatric population is too high (23) and low 

sodium intake has been linked to a marked decrease in the risk of kidney stones in adults (24, 

25). Furthermore, restricted intake of animal protein and salt provided more protection against 

recurrent calcium oxalate stones in adult males than low-calcium diet (24). Calcium intake 

has decreased in the pediatric population in recent years (23, 26-28) and decreased calcium 

intake has been shown to increase risk of  urolithiasis in adults (24, 29, 30). Lower fluid intake 

has also been linked with kidney stones in adults (30) and a study of American children 

suggested a decrease in water consumption between the time periods 1988-1994 and 2005-

2006 (31). Another proposed explanation is the alleged increase in antibiotic use among 

children which by altering the gut flora may affect absorption of lithogenic molecules (32). 

One study has shown stone formers to have decreased enteric colonization of Oxalobacter 
formigenes which uses oxalate as an energy source (33). Contradicting this, however, are 

epidemiological data from the US showing a decrease in antibiotic use in the years 1990 to 

2006 (34, 35). 

1.1.1 Role of Sex in Kidney Stone Disease  

Kidney stone disease has through the years been more common in men (2, 12, 18, 36-40), 

with a male:female ratio of 1.3:1 to 4:1. The sex difference appears to be decreasing as 

shown in a study from Rochester, US, which shows that the male:female ratio decreased 

from 3:1 in 1970 to 1.3:1 in the year 2000 (41). Recent studies in children have found stone 

disease to be more common in girls (42, 43). The study by Matlaga et al. examined pediatric 

nephrolithiasis admissions in 1997-2003 by using the Kids´ Inpatient Database which is a 

large-scale national dataset that captures children´s use of hospital services in the US. This 

database is a part of the Healthcare Cost and Utilization Project which is a sample of 

discharges from all community, non-rehabilitation hospitals in participating states. In this 

study, girls formed the majority of the kidney stone population from 1997-2003, 63% in 1997 

and 70% in 2003 (43). Furthermore, there are a number of childhood studies showing a more 
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rapid incidence rise in girls than boys (16, 42, 43). In the study by Sas et al., incidence 

increased at a significantly faster rate in girls between 1996 and 2007 (16), from 7.7/100,000 

in 1996 to 21.9/100,000 in 2007 in girls compared to 8.0/100,000 in 1996 to 15.3/100,000 in 

boys. 

1.1.2 Race, Ethnicity and Kidney Stone Disease  

In the adult population kidney stone disease is more common in Caucasians compared to 

African-Americans, and the African-American race seems to be protective of stone formation 

(2, 16, 44, 45). Mente et al. examined relative risk of calcium nephrolithiasis among adults 

(18-50 years) of different ethnic backgrounds living in Toronto, Canada. Compared to 

individuals of European descent, individuals of Arabic, West Indian, West Asian or Latin 

American origin had higher relative risk, but those who were East Asian or African had lower 

risk (44). According to Stamatelou et al., who studied US residents in the years 1988-1994, 

non-Hispanic African Americans had reduced risk of kidney stone disease compared to non-

Hispanic Caucasians and Mexican Americans (2). When looking at hospitalizations due to 

stone disease in the US, in the years 1994-2000, hospitalization rates were by far highest in 

whites (45).  

 When looking at studies in the pediatric population, Sas et al. found white children to be 

5.6 times more likely to have kidney stones compared to African-American children (16). The 

same investigation showed that the incidence of urolithiasis in white children has increased 

significantly from 10.9/100,000 in 1996 to 26.2/100,000, while limited incidence changes were 

observed in African-American children over the same period. Another study, based on data 

from 30 primary pediatric care centers in Philadelphia, showed that black race was 

associated with a 65% reduced risk (OR 0.35; 95% CI 0.15, 0.85) of nephrolithiasis (46).  

1.1.3 Age and Kidney Stone Disease 

Several epidemiological studies have found that the median age at diagnosis of pediatric 

kidney stone disease is under 13 years (6, 18, 19, 47). Kidney stones appear to be more 

prominent among boys aged less than 10 years and in girls over 11-12 years (19, 42, 43) and 

in recent years the greatest incidence increase has been observed in adolescent girls (16, 

17). In the South Carolina study, referred to above, children aged 14-18 years had 

approximately 10 times greater risk of developing symptomatic kidney stones than children in 

the age group 0-13 years (16). The Olmsted County study, mentioned earlier, showed a 

threefold increase in kidney stones among children 12-17 years of age in the years 1984-

1990 and 2003-2008 while the incidence rate remained stable in the younger age groups.  

 

1.2 Kidney Stones and Comorbid Diseases   
There are indications that kidney stone disease may be associated with increased risk of co-

morbid disorders in both adults (7, 41, 48-50) and children (51). In adult studies kidney stone 

disease has been associated with elevated blood pressure (52), decreased renal function (7, 

48, 53) and significant health care cost (54, 55). This is a cause for concern in the pediatric 
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population because younger patients also have a lower rate of spontaneous passage of 

calculi and might therefore be more likely to require surgical intervention (56). The pediatric 

study by Matlaga et al. based on the KID database mentioned above, suggests that kidney 

stone disease in children, as in adults, is a systemic disorder (43). This study found kidney 

stones to be significantly associated with both hypertension (HTN) and diabetes mellitus (DM) 

in children younger than 6 years (43). Studies in adults have linked HTN and DM with 

increased urinary lithogenicity (57, 58). Although these conditions could have different 

pathophysiology in the pediatric population, factors that affect the urinary environment may be 

involved (43). Kidney stone disease might also be related to other chronic disorders such as 

asthma. This is based on the proposition that these conditions are both linked with 

inflammatory epithelial disorders. A recent study from Cleveland, US showed that children 

with asthma had a fourfold greater prevalence of kidney stones compared to the general 

population (59). Stone patients with asthma were more likely to use a combination inhaled 

corticosteroid and long acting beta agonist inhaler compared to matched asthma patients 

without stone disease, suggesting that they had more severe asthma, but there was no 

difference in the overall corticosteroid use between astmatics with stone disease and those 

only diagnosed with asthma (59). 

 

1.3 Clinical Symptoms and Diagnosis of Kidney Stone Disease 
Children with upper tract urinary stones have similiar urinary symptoms to those observed in 

adults (20). Flank or abdominal pain is present in 50-76% of patients and gross hematuria in 

14-32% (18, 47, 60, 61) and microscopic hematuria in up to 90% of affected individuals (62). 

Eight to 20% of children with urinary stones also have a urinary tract infection (UTI) upon 

diagnsosis (60, 61). Symptoms also differ with age and younger children often have non-

specific symptoms (47, 61, 63, 64).  

Computed tomography without radiographic contrast medium is the most sensitive 

imaging modality for the detection of urinary stone disease but exposes children to ionizing 

radiation. However, it is genereally agreed that the benefits of a CT scan outweigh the risks 

(65). In some instances it is possible to use a renal or bladder ultrasound to detect stones and 

simultaneously attempting to limit radiation exposure. Ultrasound is, however, not sufficiently 

sensitve technique to rule out stone disease as it only detected 59% of calculi, compared to 

almost a 100% sensitivity with CT (66). A study based on data from freestanding pediatric 

hospitals in the US examined trends in radiological imaging during a 10 year period, from 

1999-2008 (67). Eighty percent of children with kidney stone disease underwent radiological 

imaging during their hospital encounter. Computed tomography use increased from 26% in 

1999 to 45% of cases in 2008 while the use of kidney, ureter and bladder plain X-ray (KUB) 

and intravenous pyelography (IVP) decreased from 59% of patients in 1999 to 38% in 2008. 

The use of ultrasound and magnetic resonance imaging (MRI) remained stable over the study 

period (67). 
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1.4 Kidney Stone Composition 
Kidney stones in adults mainly contain calcium (80%) and most calcium stones consist of 

calcium oxalate (68, 69). Children and adolescents also predominantly form calcium-based 

stones and in the US 40% to 65% of childhood urinary calculi are composed of calcium 

oxalate, 14% to 30% of calcium phosphate, 10% to 20% of struvite, 5% to 10% of cystine and 

1% to 4% of uric acid (63, 70). Studies from the Netherlands (71) and UK (47) have reported 

similar data on stone composition, 50-60% calcium oxalate or calcium phosphate stones, 

struvite 25-32%, uric acid stones 8% and cysteine 8%. Bladder stones, associated with 

malnutrition and dehydration, are still frequent in large areas of Turkey, Iran, India, China and 

Indonesia although the incidence has been decreasing with improving social conditions (72, 

73). The occurrence of struvite stones has decreased during the last decades (74) and data 

from the UK report a drop from 60% in the years 1966-1971 to 30% in 1997-2002 (47). 

Although the great majority of affected children have idiopathic calcium kidney stone disease, 

monogenic metabolic disorders such as adenine phosphoribosyltransferase deficiency 

(APRTd), cystinuria, Dent disease, familial hypomagnesemia with hypercalciuria and 

nephrocalcinosis (FHHNC), primary hyperoxaluria (PH) and other inherited disorders, should 

always be considered in the differential diagnosis of pediatric stone disease particularly in 

pre-pubertal children and if stones are recurrent (75).  

 

1.5 Body Mass Index and Obesity  
Men in general have a larger body size than women and have a higher lifetime risk of stone 

disease (76). It has, therefore, been proposed that body size and obesity may be a risk factor 

for calcium oxalate kidney stones (76). Adult studies have linked higher body mass index 

(BMI) with increased risk of kidney stones, especially calcium oxalate stone disease (57, 58, 

76-78). One of these studies, a large prospective study from the US with 240,000 

participants, found both obesity and weight gain to increase the risk of kidney stone formation 

(57). The role of BMI and obesity in children is less well defined. Kieran et al. examined the 

relationship between BMI and stone presentation in a single center study of pediatric patients 

in Tennessee. Interestingly, those with BMI in the 10th percentile or less presented earlier 

than children with BMI in the normal (10-85th percentile) and upper percentile range (over 85th 

percentile). Stone size and number of procedures used for stone clearance did not differ 

between different BMI groups (79). A study by Dwyer et al. based on the Rochester 

Epidemiology Project revealed that pediatric kidney stone formers, during the years 1984-

2008, had similar BMI as the general population (17). Another US study similarly 

demonstrated that while 15% of stone forming children were overweight (21), 32% of the 

general population were overweight at the same time (80). Another US study, based on 

information from 30 primary pediatric care practices found no difference in obesity among 

children with urolithiasis and matched controls (46). However, one US study based on 

children at freestanding hospitals (the Pediatric Health Information System), linked 

nephrolithiasis with obesity and hypertension but showed lower odds of type I diabetes 
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among children with kidney stones (81). The reasons for this difference observed between 

children and adults are unclear but could be related to stone types, differences in comorbid 

diseases and higher frequency of inherited disorders in children (21). A recent adult study 

from the University College in London showed that overweight and obese stone formers had 

higher incidence of uric acid stones, not calcium stones, when compared to stone formers 

with normal weight (82). The association of obesity and kidney stones in adults has been 

suggested to be caused by insulin resistance. Hyperinsulinemia leads to lower urinary pH and 

increased urinary ammonium excretion (83) and there are studies associating higher body 

mass with lower urinary pH among stone formers (84, 85). Lower urinary pH is also 

associated with hypocitraturia, an important metabolic risk factor for calcium stones (57). Uric 

acid stones are highly uncommon in children and have not been linked with obesity in 

children (86). The formation of calcium based stones, the most common stone types in 

children, do not seem to be related to BMI either (17).  

 

1.6 Risk Factors for Stone Formation  
Kidney stone formation is a result of a complex interaction between genetic and 

environmental factors (32, 74). Studies have shown that heritability of kidney stone disease is 

around 56% (87) and stone formers appear to more related to each other than non-stone 

formers (88). A positive family history of kidney stone disease has been found to be present 

in 25-65% cases in different studies (74, 89, 90). The most important environmental factors 

contributing to stone disease are diet and water intake, while socioeconomic conditions, 

obesity, physical activity and climate may also affect lithogenicity (57, 64, 76, 91, 92). The 

main promotors of stone formation are calcium, oxalate and uric acid while citrate, 

magnesium and a number of other molecules are well known inhibitors of urinary 

crystallization and stone formation (32). Anatomic malformations, UTIs, immobilization related 

to spinal cord injury and neuromuscular disorders and medication intake are known risk 

factors for stone formation (74, 93).  

 

1.6.1 Urine Metabolic Risk Factors  

Hypercalciuria, hyperoxaluria, hypocitraturia and hyperuricosuria are important metabolic risk 

factors for idiopathic calcium nephrolithiasis (68, 94) and renal excretion of urinary 

constituents such as calcium, oxalate, phosphate and water, determine the level of urinary 

supersaturation (95). Urinary pH is also an important risk factor for stone formation as acidic 

pH favours the formation of cystine (pH <7.5) and uric acid (pH <6.0) stones while calcium 

phosphate stones form more readily in alkaline urine (pH >6) (96). Calcium oxalate crystal- 

and stone formation do not appear to have a direct association with urinary pH in the 

physiologic range. Tamm-Horsfall protein or uromodulin, albumin, RNA and DNA fragments, 

glycosaminoglycans, citrate and magnesium are important inhibitors of calcium oxalate and 

calcium phosphate urinary crystallization and stone formation (95).  
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 Urine metabolic risk factor evaluation forms the basis for the diagnosis of underlying 

disease and individualized management of kidney stone patients of any age (97, 98). In 

general, younger patients are more likely to have identifiable urine metabolic risk factors (32) 

which have been reported in 30-96% of children with kidney stones (6, 18, 19, 47, 56, 63, 99-

103). The differences noted might be explained by the fact that some of the published work 

does not consider urine volume a risk factor and reference values for solutes excretion can 

differ between studies. A study carried out in Icelandic children diagnosed in the years 1995-

2000 identified metabolic risk factors in 96% of the participants and hypercalciuria, the most 

common abnormality noted, was present in 78% of the cases (6). Limited information 

comparing urine metabolic abnormalities between the sexes has been published. A recent 

study from Turkey, however, found no significant difference in metabolic parameters between 

the sexes in preschool children (3, 104) and the same is true for a Brazilian single center 

study of 158 children diagnosed with kidney stone disease in the years 1995-2010 (104). 

 Hypercalciuria is a potential risk factor in children (105-107) and is one of the most 

common urine metabolic risk factor, present in 45-90% of cases (5, 16, 17, 19, 21, 101, 108, 

109). One pediatric study by Bergsland et al. from 6 different practices in the US compared 

urine metabolic risk factors in stone formers, their non-stone-forming siblings and age- and 

sex-matched non-stone-forming children. In this study stone formers had strikingly higher 

calcium excretion and supersaturation for calcium oxalate and calcium phosphate as well as 

a reduced distance between the upper limit of metastability and supersaturation of calcium 

phosphate. Although hypercalciuria was more prevalent among the stone formers´s siblings 

the distance between metastability and supersaturation, which is believed to be a crucial risk 

factor, remained normal (110). Another study, by DeFoor et al., additionally showed that 

calcium excretion was higher in subjects with more stones (111).  

 Other studies have revealed that hypocitraturia is also a common risk factor (112-115) and 

in some cases the most important stone risk determinant (38, 98). This difference could be 

explained by geographic location as investigations from the US proposed that hypercalciuria 

was the main risk factor but studies from Scotland, Turkey and Argentina reported 

hypocitraturia (110). Citrate prevents stone formation by binding to calcium and preventing 

the formation of calcium oxalate and phosphate salts (116, 117). Hypocitraturia has been 

linked with recurrent stone disease in children (118, 119). Treatment with citrate is used 

among recurrent stone formers and has been shown to reduce stone risk (120, 121). The 

calcium-to-citrate ratio represents the ratio between the most common stone promotor and 

inhibitor and is age and urine output independent (122). Some have stated that this is the 

best indicator of recurrent stone risk in children, better than calcium oxalate and calcium 

phosphate supersaturation (111).  

 Hyperuricosuria has been found in 2-13% of pediatric stone formers (63, 114, 123, 124) 

Although children in general have higher fractional urinary uric acid excretion than adults, uric 

acid stones are uncommon in the pediatric population (125). While hyperuricosura may be a 
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risk factor for calcium stones in the adult population (126) it is not believed to markedly 

contribute to the risk of kidney stones in the pediatric population (127).  

 Hypomagnesuria is a well recognized risk factor for stone formation in adults (128, 129) 

and the results of the Turkish study mentioned above suggest that hypomagnesuria may be a 

more significant risk factor for stone formation in children than adults (98). Urinary 

magnesium excretion in children has also been shown to decrease with age when adjusted 

for body weight or creatinine excretion (130). Children with kidney stone disease have higher 

urinary calcium-to-magnesium ratio compared to non-stone-forming children (119). Treatment 

with magnesium supplementation alone has not been proved to reduce stone risk (131, 132). 

 The reported incidence of hyperoxaluria in pediatric stone formers ranges from 1-30% (19, 

21, 103, 108, 115). Higher urinary oxalate excretion increases urinary supersaturation of 

calcium oxalate and contributes to stone formation (133, 134) but the role of hyperoxaluria in 

idiopathic pediatric stone disease is unclear (32). A study comparing pediatric stone formers 

and non-stone-formers found no difference in urine oxalate between these two groups (100) 

and another study suggested that oxalate excretion was less important than calcium excretion 

regarding risk of recurrence (118). 

 Cystinuria accounts for 2-4% of nephrolithiasis in children in developed countries. Please 

refer to a more detailed discussion on cystinuria below. 

 Decreased urine flow is a major risk factor for kidney stone disease (21). It has been 

shown that idiopathic pediatric stone formers had significantly lower urine volume compared 

to non-stone formers (135), and also that increased fluid intake in adults with calcium based 

stones decreased stone recurrence rate and increased the time to stone recurrence (136). 

Low urine volume is defined as less than 1.0 mL/kg per hour in younger children (21, 109, 

137) and 1000 mL/24 hr in adults and children who weigh 40 kg (69, 134) or more. Low urine 

volume has been shown to increase the supersaturation of calcium oxalate and calcium 

phosphate and stone risk in children and teenagers (109, 137). Hence, urine output should be 

closely monitored. 

 

1.6.2 Anatomic Malformations and Urinary Tract Infections 

Other types of risk factors for kidney stone formation are UTIs and congenital malformations 

of the kidney and the urinary tract (CAKUT). Structural malformations of the urinary tract are 

associated with interuption of the normal urine flow from the kidney to the lower urinary tract 

(93) and are reported in approximately 10-35% of children with kidney stone disease (6, 60, 

61, 71, 138). Ureteropelvic junction obstruction, calyceal divertiuli, horseshoe kidney, 

ureteroceles, primary megaureter, posterior urethral valves and the bladder extrophy-

epispadius complex are most commonly associated with kidney stones (93). Individuals with 

spinal cord injury often suffer from recrrent UTIs and hypercalciuria related to immobilization 

(93). The frequency of infection-related stones has decreased in the last decades because of 

improved diagnosis and treatment of UTIs and antenatal ultrasound screening for CAKUT. 
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1.6.3 Medications 

Many medications and toxins are known to increase stone risk in children and adults and 

drug-induced kidney stones have been reported in approximately 1% of stones analyzed in 

large stone-analysis laboratories (74). An example of these medications are protease 

inhibitors, antibacterial and antiviral agents, allopurinol, carbonic anhydrase inhibitors such as 

acetazolamide and topiramate and corticosteroids (74). 

1.6.4 Genetics  

A positive family history of nephrolithiais is present in 25-65% of adults (74) and 33% of first 

and second degree relatives of Icelandic pediatric stone formers (6, 74). An Icelandic 

geneology study showed that Icelandic kidney stone formers are signficantly more related to 

each other than the average Icelander (88, 139). Rare monogenic disorders account for 

approximately 10% of urolithiasis in children and adolescents and 2% in the adult population 

(140). Among these rare disorders are APRTd, cystinuria, Dent’s disease, PH, FHHNC and 

hypoxanthine-guanine phosophoribosyltransferase (HPRT) deficiency. 

Cystinuria (OMIM 220100) accounts for approximately 1% of all kidney stones and as 

much as 25% of kidney stones in children (141). The prevalence of cystinuria) ranges from 

1:2,500 to 1:100,000 in various populations (74, 86), although it might be higher as some 

affected individuals are asymptomatic (142). Cystinuria is an autosomal recessive disorder 

which results from a defect in proximal tubular cystine reabsorption (143) and recurrent 

episodes of obstructive uropathy associated with clinical stone events may lead to the 

development of CKD with time (86). 

APRTd is an autosomal recessive disorder of adenine metabolism resulting in the 

generation and urinary excretion of large amounts of poorly soluble 2,8-dihydroxyadenine, 

which leads to stone formation in the urinary tract, and crystal nephropathy leading to CKD 

and not infrequently, ESRD (144). The majority of reported cases have come from Japan, 

France and Iceland and the estimated heterozygote frequency in different populations ranges 

from 0.4 to 1.2% suggesting that the prevalence of a homozygous state is at least 1:50,000-

100,000 (86). 

Dent Disease is a renal tubular disorder, with about 250 affected families reported 

around the world to date. The term Dent disease identifies a group of X-linked renal disorders 

characterized by LMW proteinuria, and variable presence of hypercalciuria, nephrocalcinosis 

and/or nephrolithiasis. The disease usually presents in childhood or early adult life with males 

much more severely affected than females where progression to CKD occurs between the 

3rd and 5th decades of life in 30-80% of affected males. LMW proteinuria is universal and 

hypercalciuria is common among affected Dent disease patients, but both conditions are 

rarely screened for. Therefore, many cases go undetected until more significant sequelae, 

such as progressive renal failure, develops (86). 

Approximately 110 cases of FHHNC have been reported in the literature. It is an 

autosomal recessive disorder characterized by renal magnesium wasting, hypomagnesemia, 
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hypercalciuria, nephrocalcinosis and kidney failure. The disease usually presents in early 

childhood and progressive CKD commonly occurs in children with most patients developing 

ESRD in adolescence or early adult life. Impairment in the reabsorption of magnesium and 

calcium in the thick ascending limb (TAL) of the loop of Henle is the primary tubular 

abnormality (86). 

The incidence and prevalence of PH are unknown, with suggested incidence of 

1:120,000 of live births and prevalence of 1-3 per million of the population in central Europe. 

These are inherited disorders of metabolism in which hepatic enzyme deficiencies result in 

overproduction of oxalate, which cannot be degraded in humans and is excreted largely by 

the kidneys, resulting in high urinary concentrations. Calcium oxalate crystals form in renal 

tubules acting as a nidus for crystal aggregation and growth, thus initiating stone formation. 

Health consequences include frequent formation of calcium oxalate kidney stones as well as 

renal injury that leads to kidney failure in a significant proportion of affected patients (86).  

 The prevalence of HPRT deficiency is estimated at 1/235,000 -1/380,000 of live 

births. Deficiency of HPRT activity is an inborn error of purine metabolism characterized by 

hyperuricemia with hyperuricosura. It is associated with lithiasis, gout and neurologic 

symptoms, where the most severe forms are known as Lesch-Nyhan syndrome (145).  

 

1.7 Kidney Stone Recurrence  
The reported kidney stone recurrence rate in adults is 30-50% within 5 years in untreated 

patients (146-150). Studies of US children have revealed a somewhat broader recurrence 

rate or 10-70% after a mean follow-up of 3-6 years (56, 63, 99, 151-154). A single center 

pediatric study by Diamond et al. published in 1989 reported an overall 16% recurrence rate 

over a 27-year period. When examining pediatric recurrence rate by etiology it was 14% for 

infection and idiopathic stone disease, 27% for anatomical and 30% for metabolic etiologies 

(151). Similar study by Gaerhart et al. investigated recurrence between 1979 and 1989 where 

it was 20% after a mean follow up of 5 years (99). Milliner examined kidney stone disease at 

Mayo Clinic in the years 1965-1987 and found a recurrence rate of 67% after a mean follow-

up of 59 months (63). Another retrospective single center review of pediatric stone formers by 

Pietow et al. suggested that recurrence rate was related to metabolic risk factors and age. 

Recurrence was reported in a third of those with an identifiable risk factor and among those 

under 10 years of age the rate increased to 50% during 8 years of follow-up. Among children 

without a risk factor the recurrence rate was 10% (56). Tasian et al. studied nephrolithiasis 

among children diagnosed at the Children´s Hospital of Philadelphia 2008-2014. In this 

retrospective analysis a recurrence was defined as pain and/or vomiting with radiographic 

signs of a new concrement after a confirmed clearance of the first stone. 24% had a stone 

recurrence during the follow-up period (152). Reports from other countries are similar. 

Abhishek et al. investigated children diagnosed with nephrolithiasis 2003-2011 at a medical 

center in India. The recurrence rate was 24% after 3.2 years of follow-up, more common in 

children with metabolic abnormalities and where small residual fragments were left in the 
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urinary tract (155). A study from the Netherlands, carried out in the years 1996-2010, showed 

a 30% recurrence rate after a mean follow-up of 117 months (71). All of these studies are 

based on single center data and likely suffer from selection bias. Few population based 

studies are available. There is one US population-based study which studied nephrolithiasis 

in Olmsted County Minnesota from 1984-2008. During this time the recurrence rate was 44% 

(17). There are no earlier studies on kidney stone recurrence in Icelandic children. The results 

of previous studies are similar in the US, India and the Netherlands. However it must be kept 

in mind that the definition of recurrence and the follow-up time are different between studies. 
 

1.8 Management of Kidney Stone Disease 
 
1.8.1 Treatment of Acute Stone Episodes 

The first medical management should aim to control acute symptoms such as pain, nausea 

and vomiting (96). Ketoroloac is a first-line agent for children with renal colic but narcotic 

analgesics such as morphine sulfate are added if needed. Serotonin antagonits, specially  

ondansetron, are used as an antiemetic treatment in the acute setting (74, 156). Parenteral 

hydration should not be used to maintain a high urine flow rate but only to assure normal 

hydration as increased urine flow increases pain and need for analgesic drug treatment. 

Alpha-adrenergic blockers (tamsulosin) and calcium-channel blockers (nifedipine), which 

should be used to promote stone passage when possible, have been found to be useful in 

both adults (157) and children. Urine should be screened for infection and strained for stone 

fragments (74). 

 

1.8.2 Spontanaeous Stone Passage  

Spontanaeous stone passage occurs in 29-35% of cases (6, 158) and an Icelandic pediatric 

kidney stone study reported a stone passage of 35% (6). Size is obviously a determining 

factor and stones larger than 3.5-5 mm are reported to be less likely to pass spontaneously 

(159, 160). In children stones less than 5 mm in diameter generally have a spontaneous 

passage rate of 50-95%, especially if located in the distal ureter, compared to 10-50% for 

stone size 5-10 mm (161). Other factors appear to play a role as distally situated stones and 

stones that are not associated with inflammatory changes on imaging are more likely to pass 

spontaneously and less often require interventions (161). Age has been reported to affect 

stone passage rate. One US study stated that the passage rate for ureteral concrements of all 

sizes was the same in the age groups 0-5 years, 6-10 years and 11-18 years old but children 

aged less than 10 years were less likely to pass renal stones compared to older children, 

possibly due to the fact that the renal stones tended to be larger (56). Other investigations 

have failed to show a difference in stone passage rate based on age (158, 161).  
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1.8.3 Surgical Treatment  

Surgical indications in urolithiasis are infection, intractible pain and obstruction and failure of 

spontaneous stone passage (162). One pediatric US study proposed a surgery rate of 22%, 

within 6 months of diagnosis, based on a national database for the years 1999-2008 (67). 

Surgery rate was higher among females, older children and adolescents, white race and 

those with private insurance (67). A study from the United Kingdom (UK) reported that 

minimally invasive surgical procedures (lithotripsy, percutaneous nephrolithotomy and 

endoscopy) were used in 68% of pediatric patients but  21% underwent open surgery (47). In 

recent years there has been a shift from open surgery towards minimally invasive surgical 

interventions. Ureteroscopic instrumentation is becoming more common, even in small 

children. Extracorporeal shock-wave lithotripsy (ESWL) is the least invasive procedure and is 

effective in the pediatric population. It serves as the basis for most upper urinary tract stones 

and is safe to use even in infants (>5 months) (163, 164). The treatment approach to 

asymptomatic stones in the lower poles of kidney is controversial. Recent studies suggest 

that although asymptomatic stones in children may be followed conservatively, especially if 

they are under 7 mm (165, 166), two-thirds of the these patients develope progressive 

disease which requires intervention (166). Bladder stones are usually treated with 

cystolithotomy but endoscopic management is also possible (162).  

  

1.8.4 Prevention of Kidney Stone Recurrence   

1.8.4.1 Dietary Factors and Fluid Intake 
Preventive treatment of kidney stone recurrence consists of increased fluid intake and dietary 

modifications. Increased fluid intake results in increased urine flow and reduces the 

supersaturation of all stone forming salts. Adequate fluid intake in children has been shown to 

limit stone recurrence rate compared to no treatment (124). It is not clear how much fluid 

should be consumed but a minimum intake of 1.5-2 L/m2/day is recommended in children (74) 

and in adults urine volume of at least 2L/day should me maintained (24, 92). In addition to 

water, orange juice, lemonade and black currant juice may reduce lithogenicity as they are 

rich in citrate. In adults, coffee, tea, beer and wine can also reduce the risk of calcium stones 

(167), while grapefruit juice may associate with increased risk of calcium stones, but the 

effects of cola drinks are controversial (167, 168). Children with stone disease should adhere 

to a diet which is low in sodium and oxalate, high in potassium and citrate (fruits and 

vegetables) and not exceed the daily allowance of animal proteins (96). 

1.8.4.2 Preventive Pharmacotherapy 
Thiazide diuretics are often used in children with hypercalciuria not repsonsive to diet 

modifications (96, 124, 153, 169). Hydrochlorothiazide reduces urinary calcium excretion and 

is usually recommended in the daily dose of 1-2 mg/kg (96). Alkalizing agents such as 

potassium citrate and potassium-magnesium citrate reduce the recurrence of calcium oxalate 

stones in patients with low or normal citrate excretion (120, 121). Potassium citrate is 
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effective in reducing recurrence rate in patients with calcium stones by increasing the citrate 

excretion through increased pH of tubular cells (170, 171). Seventy-two percent of adult 

patients remained stone-free on potassium citrate versus 20% of untreated (120). Potassium 

citrate is also used to alkalinize the urine in patients with hyperoxaluria (172), uric acid stones 

(153, 169) and cystine stones (124). Pyridoxine is helpful in a subpopulation of PH type I 

patients as 10-30% of patients are pyridoxine sensitive (96). Allopurinol is indicated when 

hyperuricemia and hyperuricosuria are both present (96) and in patients with APRTd. Urinary 

alkalinization is the treatment of choice in patients with uric acid stones who do not have high 

serum uric acid levels while the use of allopurinol or other xanthine-oxidorectuctase inhibitors 

is not indicated. Thiol-containing agents such as D-penicillamine and alfa-

mercaptopropionylglycine are used in cystinuria when dietary modifications and urinary 

alkalization fail (96).  

 

1.8.5 Prognosis 

As mentioned above, kidney stone disease is a systemic disorder and significantly associated 

with HTN and DM in children under 6 years of age (43). Kidney function is usually preserved 

but monogencic disorders such as APRTd, cystinuria, Dent’s disease, PH, FHHNC and 

HPRT deficiency are a group of more severe stone disorders where progressive loss of 

kidney function is frequent (74). According to a study on long-term outcome of nephrolithiasis, 

ordinary stone disease does not seem to affect growth and developement of children, unless 

there is another pre-existing medical condition. No social or academic effects were reported 

either (173).  
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2 Aims 
The specific aims of this project were to calculate the incidence, prevalence and recurrence 

rate of kidney stone disease in Icelandic children during the period 1985-2013. Furthermore, 

to describe the clinical and demographic features of this unique stone forming population and 

identify possible risk factors for recurrent kidney stone disease. 
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3  Materials and Methods 
The study was approved by the National Bioethics Committee (NBC 03-002-S1-AG1) and the 

Icelandic Data Protection Authority. 

3.1 Study Design and Setting 

This was a retrospective, nationwide study of children and adolescents under the age of 18 

years diagnosed with kidney stones in Iceland during the period 1985-2013. Participating 

institutions included the Children´s Medical Center at Landspitali – The National University 

Hospital of Iceland (LUH) in Reykjavik, a community hospital for more than half of Iceland’s 

population and a tertiary care center for the whole nation; Akureyri Hospital in North Iceland 

that is the only hospital outside the Reykjavik area with a pediatric department; and Domus 

Radiology in Reykjavik, the only privately operated medical imaging clinic in Iceland. These 

institutions performed over 95% of all abdominal and urinary tract imaging in the country and 

100% of pediatric surgical procedures for kidney stone disease during the study period. 

Moreover, since the year 2000, the only pediatric kidney stone prevention clinic in the country 

has been operating at LUH.  

 

3.2 Patient Search Strategy  
Patients were identified by searching computerized databases at participating institutions for 

the ICD and radiology diagnosis codes and surgical procedure codes indicative of kidney 

stones. Although electronic recording of diagnostic codes was introduced in 1983, patients who 

had their first documented kidney stone event before 1985 were excluded from the incidence 

analysis due to incomplete electronic coding of medical records during 1983 and 1984. Details 

of the search strategy are outlined below: 

1. ICD diagnosis codes: ICD-9 codes 592.0 (calculus of kidney), 592.1 (calculus of ureter), 

592.9 (calculus of urinary tract, unspecified), 270.0 (cystinuria) and 271.8 (primary 

hyperoxaluria), 788.0 (unspecified renal colic). ICD-10 codes N20.0 (calculus of kidney), N20.1 

(calculus of ureter), N20.2 (calculus of kidney with calculus of ureter), N20.9 (urinary calculus, 

unspecified), N21.0 (calculus in bladder), N21.1 (calculus in urethra), N21.8 (other lower 

urinary tract calculus), N21.9 (calculus of lower urinary tract, unspecified), N22.0 (urinary 

calculus in schistosomiasis), N22.8 (calculus of urinary tract in other diseases classified 

elsewhere), N23 (unspecified renal colic), E72.0 (cystinuria), E74.8 (primary hyperoxaluria) 

and E79.8 (xanthine and 2,8-dihydroxyadenine stones).   

2. Radiology diagnosis codes: 460.812 (plain x-ray of the abdomen showing calcification(s)), 

501.812 (plain x-ray of the urinary tract showing calcification(s)), 510.812 (intravenous 

pyelography showing calcifications/stones), 940.812 (abdominal ultrasound study showing 

calcifications/stones), 950.812 (renal ultrasound study showing calcifications/stones), 840.812 

(computed tomography of the abdomen with calcification(s)) and 850.812 (computed 

tomography of the kidneys with calcification(s)).  
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3. NOMESCO Classification of Surgical Procedures (NCSP) Codes: KAE 00 (nephrolithotomy), 

KAE 01 (nephroscopic nephrolithotomy), KAE 10 (pyelolithotomy), KAE 11 (nephroscopic 

pyelolithotomy), KAE 12 (retrograde ureteronephroscopic lithotripsy in pelvis of kidney), KAE 

96 (other removal of calculus from kidney or pelvis of kidney), KAE 97 (other percutaneous 

endosopic removal of calculus from kidney or pelvis of kidney), KAE 98 (other transluminal 

endosopic removal of calculus from kidney or pelvis of kidney), KBE 00 (ureterolithotomy), 

KBE 01 (percutaneous endoscopic ureterolithotomy), KBE 12 (transluminal endoscopic 

extraction of calculus of ureter) KBE 22 (transluminal endoscopic dislodgement of impacted 

calculus from ureter), KBE 96 (other operation for calculus of ureter), KBE 97 (other 

percutaneous endoscopic operation for calculus of ureter), KBE 98 (other transluminal 

endoscopic operation for calculus of ureter), KCE 00 (cystolithotomy), KCE 01 (percutaneous 

endoscopic extraction of calculus from bladder) KCE 02 (transluminal endoscopic extraction of 

calculus from bladder), KAT 00 (extracorporeal shock wave lithotripsy (ESWL) of pelvis of 

kidney), KBT 00 (ESWL of ureter) and KCT 00 (ESWL of bladder).  

 

3.3 Characterization of Study Subjects 
A thorough retrospective chart review was conducted for all patients identified by our search 

strategy to confirm the diagnosis of kidney stone disease. Data obtained from medical records 

included sex, race and date and age at diagnosis; CAKUT, co-morbid diseases, use of 

medications at the time of diagnosis, prior history of stones; height and weight; clinical 

manifestations associated with kidney stones such as flank or abdominal pain, hematuria and 

UTI; results of urinalysis, urine cultures, stone analysis, diagnostic imaging procedures and 

results of urine metabolic risk factor evaluation; hospital admissions, surgical treatment and 

number of kidney stone episodes. 

Incident kidney stones were classified as symptomatic, asymptomatic or 

indeterminate. Symptomatic stone events were defined as either acute flank or abdominal 

pain associated with hematuria and/or the detection of stones by a medical imaging study, or 

a patient-reported stone passage. Patients with stones confirmed by imaging and a 

simultaneous UTIs were classified as symptomatic. Stones detected by imaging only were 

considered asymptomatic and cases were identified as indeterminate if the clinical 

information on symptoms was insufficient or unclear.  
Pediatric anthropometric reference data, specific for sex and age, were used to 

establish height, weight, and BMI percentiles, and BMI Z-scores were generated from 

equations provided by the United States Centers for Disease Control and Prevention (174, 

175). When height and weight measurements were not available within 6 months of the dates 

of urine collections, this information was extrapolated from data points on the individual patient 

growth charts.  
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3.3.1 Definition of Stone Recurrence 

Stone recurrence was defined as a medical encounter with flank/abdominal pain associated 

with hematuria, self reported stone passage and/or radiologic signs of a new stone in the 

urinary tract. Individuals who only had one confirmed stone (the incident stone) in their 

medical record were contacted by phone (patient or guardian) and screened for symptoms 

suggestive of recurrent stone disease. Incident cases were monitored for stone recurrence for 

5 months after the end of the study period, or until June 1, 2014. 

 

3.4 Urinary Metabolic Risk Factor Evaluation 
Results of the first available 24 hr urine collection obtained within 3 years of the incident stone 

diagnosis were used to assess the prevalence of urine metabolic stone risk factors in this 

population of first-time stone formers. When the first two collections had been obtained during 

the same week, measurement results from both samples were used and the more extreme 

solute values (higher values for promoters and lower values for inhibitors of stone formation) 

and the average of the pH of the 2 collections were included in the risk factor assessment. 

Timed urine collections were considered sufficient if creatinine excretion was in the range of 

133-222 µmol/kg/24 hr (15–25 mg/kg/24 hr). When timed urine samples were not available, 

stone risk factor assessment was based on the first randomly voided urine specimen obtained 

within 3 years of the incident stone event. Results of the urine metabolic risk factor evaluation 

were expressed as the solute amount excreted in 24 hours, adjusted for body size (timed 

collections), and solute-to-creatinine ratios (random single-void urine samples). Previously 

published reference data for urine pH and volume and urinary excretion of solutes associated 

with kidney stone formation were used to define abnormal values (74, 109, 137). Low urine 

volume was defined as urine output < 1 ml/kg/hour (21, 109, 137) or <1000 ml/24 hours (69, 

134), whichever was lower. 

 

3.5 Statistical Methods 
Descriptive statistics were used for presentation of the data, categorical data were expressed 

as numbers and percentages and continuous data as median (range). Groups were compared 

using Chi-squared or Fisher´s Exact tests and Wilcoxon rank-sum test. Incidence and 

prevalence were calculated for all kidney stones patients and for both sexes based on the total 

pediatric population of Iceland aged 0-17 years which was 79,758 at the end of the study 

period (December 31, 2013; www.statice.is/Statistics/Population/Overview). The crude 

incidence and the incidence according to age groups and sex was calculated. Poisson 

regression analysis was used to assess the time trends in kidney stone incidence using the 

rate in each year of the study for the whole group, for each sex and the 2 age groups, <13 

years and ≥13 years of age. The poisson regression was performed for the whole study period 

and separately for the first and second half. To simplify data presentation, mean annual 
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incidence was calculated for the time periods 1985-1989, 1990-1994, 1995-1999, 2000-2004, 

2005-2009 and 2010-2013. Annual prevalence was calculated for the years 1999-2013. 

Kaplan-Meier method was used to examine stone-free survival and the log-rank test to 

compare groups. All statistics were calculated with STATA software, intercooled STATA 

version 12.0 for MAC (Stata Corporation, College Station, Texas).  
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4 Results  
 
The patient search strategy identified 251 cases, <18 years of age, with ICD and/or radiology 

diagnostic codes or surgical procedure codes suggestive of kidney stone disease. Most 

subjects were detected by more than one of these 3 coding systems. Following a meticulous 

chart review, 37 patients who did not have kidney stones (the majority had abdominal 

calcifications other than kidney stones and a few cases had been assigned an erroneous code) 

were excluded from the study. A total of 24 patients, who carried a diagnosis of kidney stone 

disease prior to the year 1985 when coding of medical records was incomplete, were included 

only in the prevalence calculations.  

Clinical characteristics of the study subjects are presented in Table 1. The number of 

incident kidney stone formers during the study period was 190, of whom 112 (59%) were girls. 

Sixty-one were <13 years of age, of whom 29 (48%) were girls, and 129 were ≥13 years, 83 

(64%) girls. Individuals were exclusively non-Hispanic whites, reflecting the ethnic composition 

of the Icelandic population. A total of 108 (57%) children required hospital admission at the 

time of the incident stone diagnosis for pain control and/or acute surgical management. The 

median BMI% was close to the average value of the reference population, except for boys 

aged ≥13 years in whom the observed median BMI was close to the 80th percentile (Table 1). 

Although the majority of the participants were healthy aside frome the stone disease, 4 of the 

190 children had APRTd and 1 patient had medullary sponge kidney and the associated 

hypercalciuria. Seven (4%) had other significant underlying disorders that included spinal 

muscular atrophy (n=2), cerebral palsy (n=2), osteogenesis imperfecta (n=1) with multiple 

recurrent skeletal fractures requiring weeks of immobilization, Duchenne muscular dystrophy 

(n=1) and neuronal ceroid lipofuscinosis with epilepsy treated with topiramate (n=1). Nineteen 

(10%) children had 21 structural malformations of the urinary tract identified; vesicoureteral 

reflux (VUR) (n=9), ureteropelvic junction stenosis (n=5), ureterovesical junction stenosis 

(n=1), incomplete ureteral duplication on the stone forming side (n=2), bladder extrophy (n=1), 

mild to moderate posterior urethral valves with normal kidney function (n=1) and hypospadias 

(n=2).  
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Table 1. Characteristics of children at initial diagnosis of kidney stone disease. 

 
 Boys Girls 

<13 years 
n= 32 

t13 years 
n = 46 

<13 years 
n = 29 

t13 years 
n = 83 

Age, years 8.1 
(0.2-12.9) 

16.4 
(13.3-17.9) 

9.4 
(0.8-12.6) 

16.4 
(13.2-17.9) 

BMI percentiles 50 (1-98) 
n = 17 

82 (8-100) 
n = 12 

39 (2-96) 
n = 20 

52 (2-99) 
n = 26 

Urinary tract malformations 6 3 3 7 
Other underlying conditions 3 3 1 0 
Presenting features, n  
      Flank pain 20 41 21 76 
      Hematuria 24 35 17 59 
      UTI 1 0 4 3 
      Other/unclear 1 1 1 2 
      Asymptomatic 1 2 1 1 
Number of stones, n   
      1  14 25 15 49 
      2  4 4 4 5 
      t3  5 4 7 6 
      Unknown 9 13 3 23 
Stone diameter, n*  
      1-5 mm  8 22 9 37 
      6-10 mm 10 8 11 12 
      >10 mm  3 2 3 7 
      Unknown 6 2 4 8 
      Stone not visualized  5 12 2 19 
Stone location, n*  
      Kidney 10 15 18 23 
      Ureter 10 18 8 38 
      Urinary bladder 3 0 0 1 
      Unknown location 3 3 1 4 
      Stone not visualized 6 10 2 17 
Spontaneous stone passage, n  16 33 12 55 
Stone removal procedures, n  16 13 17 28 
      ESWL 12 5 13 19 
      Endoscopic 4 4 4 12 
      Open surgery 2 4 1 1 
Data are presented as number (n) or median (range). Abbreviations: BMI, body mass index; ESWL, 
extracorporeal shockwave lithotripsy. Other underlying conditions included spinal muscular atrophy, 
cerebral palsy, osteogenesis imperfect, Duchenne muscular dystrophy and neuronal ceroid 
lipofuscinosis.  
*Largest stone if more than one stone detected. 

 

The incident kidney stone was symptomatic in 185 patients, while 5 had asymptomatic 

disease. The most common clinical features were flank or abdominal pain in 158 (85%) cases 

followed by hematuria in 135 (73%) and 8 (4%) had concurrent UTIs. Flank pain was a less 

frequent complaint in the younger children (p<0.001), while hematuria appeared equally often 

in both age groups (Table 1). Of the 155 stones confirmed with imaging, 140 (90%) were 

located in the kidneys or ureters (Table 1). Spontaneous stone passage occurred in 116 (61%) 

patients, 67 girls and 49 boys. Eighty percent (n=61), 20% (n=8) and 13% (n=2) of stones that 

were 1-5, 6-10 and >10 mm in largest diameter, passed spontaneously. The spontaneous 

stone passage rate was significantly lower in children <13 years compared with those ≥13 
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years, 46% vs. 68% (p=0.002). Of the 74 children requiring stone removal procedures, 49 

underwent ESWL, 24 endoscopic stone removal and 8 had open nephrolithotomy performed. 

The presence of more than 1 stone at the time of diagnosis was confirmed in 39 (21%) patients 

(Table 1). 

 

4.1 Incidence and Prevalence 
The overall mean annual incidence of kidney stones increased significantly over the study 

period (p<0.001). The incidence rate rose from 3.7/100,000 in the first 5-year period to 

11.0/100,000 during the years 1995-2004 (p<0.001), but thereafter decreased slightly, though 

not significantly, and was 8.7/100,000 in 2010-2013 (p=0.63). The incidence rise was higher in 

individuals diagnosed after their 13th birthday in whom an increase occurrred, from 12/100,000 

during the first 5-year period to 26-27/100,000 in the years 1995–2004 (p=0.004). Over the 

second half of the study period the incidence decreased to 22/100,000 in 2010-2013. (p=0.91). 

The incidence in individuals diagnosed before the age of 13 rose significantly from 0.4/100,000 

in 1985-1990 to 5.6/100,000 in the years 1995-2000 (p=0.001), but trended downwards after 

that to 3.4/100,000 in 2010-2013 (p=0.40; Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The incidence in girls rose significantly from 2.7/100,000 in 1985-1989 to 14.2/100,000 

in the years 1995-1999 (p<0.001), but remained relatively stable thereafter with an incidence of 

14.2/100,000 at the end of the study period (p=0.16). The incidence rise in girls was primarily 

driven by a dramatic increase in those aged 13-17 years, for whom the rate rose from 

9.8/100,000 in 1985-1989 to 39.2/100,000 in 2010-2013 (p=0.001). The incidence in girls 

below 13 years of age at diagnosis increased significantly from 0/100,000 during the first 5 

Figure 1. Mean annual incidence of kidney stone disease in children 
aged below 18 years in 1985-2013.  
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years of the study period to 7.2/100,000 in 1995-2000 (p=0.002), but subsequently decreased 

to 4.4/100,000 in 2010-2013 (p =0.24; Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In boys, the overall change in incidence was not statistically significant (p=0.39). The 

incidence was 4.7/100,000 at the beginning of the study period, increased to 

11.0/100,000 during 2000-2004 (p=0.07) and decreased to 3.7/100,000 in 2010-2013 

(p=0.02 for the decrease from year 2000). The incidence in boys diagnosed before the 

age of 13 increased from 0.7/100,000 in 1985-1989 to 8.2/100,000 in 2000-2004 

(p=0.21), but decreased thereafter to 2.5/100,000 in 2010-2013 (p=0.04). The 

incidence among boys diagnosed after their 13th birthday did not change significantly, 

as it initially rose from 14.9/100,000 to 20/100,000 in 1995-1999 (p=0.17) but 

decreased thereafter to 6.5/100,000 in 2010-2013 (p=0.31; Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Mean annual incidence of kidney stone disease in girls 
aged below 18 years in 1985-2013. 



33 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The incidence of stone disease was much higher in adolescents than in younger 

children (Figures 1-3) and the frequency seemed to increase abruptly after age 14, particularly 

in girls (Figure 4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The annual prevalence of kidney stone disease in boys increased from 38/100,000 in 

1999 to a peak of 64/100,000 in the year 2006, after which the prevalence decreased steadily 

to 27/100,000 in 2013. The mean annual prevalence for boys during the years 1999-2013 was 

45/100,000. In girls the prevalence remained relatively stable in 1999-2013 with a mean annual 

prevalence of 52/100,000 (Figure 5).  

Figure 3. Mean annual incidence of kidney stone disease in boys 
aged below 18 years in 1985-2013. 

Figure 4. Frequency of children with kidney stone disease in 1995- 
2013, by age of diagnosis. 
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Trends in the use of diagnostic imaging during the study period are presented in 

Figure 6. The use of CT for the diagnosis of stone disease dramatically increased in parallel 

with reduction in the use of other imaging modalities.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Annual prevalence of kidney stone disease in boys and 
girls during the years 1999-2013. 

 

Figure 6. Medical imaging leading to kidney stone diagnosis 
throughout the study period (CT, computed tomography; 
IVP, intravenous pyelography; KUB, kidney, ureter and 
bladder plain X-ray; US, kidney ultrasound). 
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Stone analysis was available for only 25 (13%) patients. Of these, 15 (60%) had 

calcium oxalate stones, 4 (16%) had 2,8-dihydroxyadenine stones, 2 (8%) had calcium 

phosphate stones, 3 (12%) had struvite stones and 1 (4%) was found to have a cystine stone. 

 

4.2 Urinary Metabolic Risk Factor Evaluation 
Complete or limited metabolic stone risk factor analysis was available for 93 children within 3 

years of diagnosis. Of these, 66 had collected 24 hr urine samples while 27 had only returned 

randomly voided urine specimens for stone risk factor evaluation. One or more stone risk 

factors were identified in 71 (76%) children. Eighteen (25%) of the 71 had 1 risk factor only; 

41 (58%) had 2 risk factors; 7 (10%) had 3 risk factors and 5 (7%) had 4 risk factor detected. 

Hypomagnesuria was observed in 57 children (52/57 timed and 5/5 random samples); 

hypocitraturia in 43 (40/44 timed and 3/6 random samples); hyperuricosiuria in 22 (21/62 

timed and 1/7 random samples); hypercalciuria was observed in 18 children (13/64 timed and 

5/28 random samples) and hyperoxaluria in one child (0/57 timed and 1/13 random samples).  

Additionally, 39 (59%) of the 66 children who had collected 24 hr urine samples had low urine 

volume. When low urine volume was included in the risk factor assessment, risk factors were 

identified in a total of 73 (78%) children. Thirteen (18%) children had 1 risk factor present, 23 

(32%) had 2 risk factors, 31 (42%) had 3 risk factors, 2 (3%) had 4 risk factors and 4 (5%) 

had 5 risk factors.  

Urinary metabolic risk factor analysis by sex and age at diagnosis is displayed in 

Tables 2 and 3. Girls had a significantly lower urine output standardized for body size 

(p=0.01) compared with boys and a higher number of girls met the definition of low urine 

volume (p=0.02). The urinary excretion of magnesium, oxalate and uric acid was also 

significantly lower among girls compared with boys (Table 2). Individuals diagnosed after 13 

years of age had significantly lower urine volume standardized for body size compared with 

those diagnosed before 13 years (p<0.001). The older age group also had a significantly 

lower magnesium and uric acid excretion (Table 3). 

 

 
 
 
 
 
 
 
 
 
 
 



36 

 

Table 2. Urinary metabolic risk factor analysis for boys and girls.  

 
 Boys (n = 78) Girls (n=112) p-value 
Patients evaluated 37 (47) 56 (50) 0.73 
Risk factor present 28 (76) 43 (77) 0.90 
Number of risk factors  2 (1-4) 2 (0-4) 0.64 
24-hr urinary excretion 

Urine volume (mL/kg) 18.9 (9.3-40) 
n=23 

14.0 (5.2-39) 
n = 43 0.01 

Low urine volume 9 (40) 30 (70) 0.02 

Urinary pH 6.0 (5.0-7.0) 
n=17 

5.9 (4.8-6.8) 
n=32 0.67 

Calcium (mmol/kg)  0.07 (0.02-0.27) 
n=22 

0.06 (0.01-0.18) 
n=42 

0.18 

Magnesium (mmol/1.73 m2)  2.53 (0.33-9.95) 
n=19 

1.57 (0.13-31.8) 
n=38 

0.046 

Oxalate (mmol/1.73m2) 0.18 (0.05-0.41) 
n=19 

0.15 (0.05-0.31) 
n=38 

0.03 

Uric acid (mmol/kg)  0.05 (0.03-0.11) 
n=22 

0.05 (<0.01-0.08) 
n=40 

0.04 

Citrate (mmol/1.73 m2)  0.74 (0.22-2.12) 
n=13 

0.84 (0.00-2.72) 
n=31 

0.75 

Sodium (mmol/kg) 2.16 (0.60-7.43) 
n=22 

1.84 (0.69-7.05) 
n=41 

0.06 

Solute-to-creatinine-ratio in randomly voided urine samples 

Calcium 0.57 (0.02- 2.84) 
n = 15 

0.48 (0.05-1.12) 
n = 13 

0.73 

Magnesium 0.51 (0.25- 1.11) 
n = 5 

NA - 

Oxalate 0.04 (0.01-0.11) 
n = 8 

0.02 (0.02-0.10) 
n = 5 

0.67 

Uric acid 0.59 (0.26-1.91) 
n = 5 

0.17 (0.12-0.22) 
n = 2 

0.05 

Citrate 0.09 (0.04-0.38) 
n = 4 

0.33 (0.17-0.48) 
n = 2 

0.16 

Data are presented as number (percentage) and median (range). Abbreviations: NA, not available. 
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Table 3. Urinary metabolic risk factor analysis for individuals aged <13 years and ≥13 years. 
 
 <13 years 

( n = 61 ) 

t13 years 
( n = 129) 

 
p-value 

Patients evaluated 42 (69) 51 (40) <0.001 
Risk factor present 32 (76) 39 (76) 0.97 
Number of risk factors  2 (1-4) 2 (0-4) 0.55 
24-hr urinary excretion 

Urine volume (mL/kg) 22.82 (11.72-40.28) 
n = 27 

13.16 (5.21-30.79) 
n = 39 <0.001 

Low urine voume 14 (52) 25 (64) 0.32 
Calcium (mmol/kg)  0.09 (0.01-0.18) 

n = 26 
0.06 (0.01-0.27) 

n = 38 0.06 

Magnesium (mmol/1.73 m2)  2.44 (0.91-6.06) 
n = 24 

1.45 (0.13-31.83) 
n = 33 0.012 

Oxalate (mmol/1.73 m2) 0.18 (0.06-0.31) 
n = 24 

0.16 (0.05-0.41) 
n = 33 0.32 

Uric acid (mmol/kg)  0.06 (0.00-0.11) 
n = 25 

0.05 (0.01-0.08) 
n = 37 0.042 

Citrate (mmol/1.73 m2)  0.85 (0.00-2.72) 
n = 15 

0.75 (0.00-2.45) 
n = 29 0.85 

Sodium (mmol/kg) 2.31 (0.60-7.05) 
n = 26 

1.77 (0.69-7.43) 
n = 37 0.12 

Solute-to-creatinine-ratio in randomly voided urine samples 
 

Calcium 0.60 (0.05-2.84) 
n = 15 

0.45 (0.02-1.00) 
n = 13 0.06 

Magnesium 0.51 (0.45-1.11) 
n = 3 

0.47 (0.25-0.69) 
n = 2 

0.56 
 
 

Oxalate 0.04 (0.01-0.11) 
n = 8 

0.02 (0.02-0.05) 
n = 5 0.11 

Uric acid 0.44 (0.12-1.91) 
n = 6 

0.22 
n = 1 0.32 

Citrate 0.10 (0.08-0.17) 
n = 3 

0.38 (0.04-0.48) 
n = 3 0.51 

Data are presented as number (percentage) and median (range). 
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4.3 Recurrence of Kidney Stones 
The average follow-up time from the incident stone was 12.0 (0-29) years. A total of 68 

patients experienced stone recurrence during the follow-up period, at a median of 1.7 (0.9-

18.9) years following the incident stone diagnosis. The recurrent stone was symptomatic in 64 

children, asymptomatic in 3 and symptoms were indeterminate in one child. At the time of 

stone recurrence, urinary tract concrements were confirmed by medical imaging in 52 of the 

64 symptomatic patients. Stones could not be detected by imaging in 6 symptomatic patients, 

and an imaging study was not performed in another 6 patients with symptomatic recurrence. 

Stone recurrence was identified by imaging only in 3 asymptomatic patients and in 1 patient 

with indeterminate symptoms.  

Characteristics of single and recurrent stone formers are shown in Table 4. There 

was no difference between single and recurrent stone formers with respect to sex, age at 

diagnosis, spontaneous stone passage or stone removal procedurs at first stone diagnosis, 

hospital admission rate, CAKUT and other comorbid conditions. Data on body mass were 

available for 75 children, 45 single stone formers and 30 with recurrent stones. The median 

BMI percentile was significantly lower among the single stone formers, 48th compared with 

68th in those with recurrent disease (p=0.04). When 2 children with severe underlying 

neurological disorders were excluded from the BMI calculations, the statistical difference 

became non-significant (p=0.06). Stone recurrence was not associated with overweight or 

obesity (p=0.07). Abdominal or flank pain and hematuria were the most common clinical 

manifestations associated with recurrent kidney stone events.  
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Table 4. Characteristics of single and recurrent kidney stone formers.  

 Single stone formers 

n=122 

Recurrent stone formers 

n = 68 

p-value 

Male/female 54/68 24/44 0.23 
Age, years 15.0 (0.2-17.9) 

n=122 

15.2 (0.7-17.8) 

n=68 

0.72 
BMI percentiles 48 (0-99) 

n=45 

68 (4-99) 

n=30 

0.04 
BMI z-score -0.05 (-4.1;2.9) 

n = 45 

0.48 (-1.7;2.3) 

n = 30 

0.04 
Overweight*, n (%) 7 (16) 10 (33) 0.07 
Urinary tract anomalies 10 (8) 9 (13) 0.27 
Other underlying conditions 4 (3) 3 (4) 0.69 
Stone number, n (%) 

     1 71 (58) 32 (47) 

0.32 
     2  10 (8) 7 (10) 
     ≥3  10 (8) 12 (18) 
     Unknown  14 ( 12) 7 (10) 
     Stone not confirmed 17 (14) 10 (15) 
Stone diameter, n (%)** 

     1-5 mm 52 (43) 24 (35) 

0.15 
     6-10 mm 28 (23) 13 (19) 
     >10 mm 6 (5) 9 (13) 
     Unknown 10 (8) 10 (15) 
     Stone not confirmed 26 (21) 12 (18) 
Stone location, n (%)** 

     Kidney 39 (32) 27 (40) 

0.78 
     Ureter 50 (41) 24 (35) 
     Urinary bladder 2 (1) 2 (3) 
     Unknown 7 (6) 4 (6) 
     Stone not confirmed 24 (20) 11 (16) 
Stone removal procedure at 
incident stone  43 (35) 31 (46) 0.16 

     ESWL  27 22  
     Endoscopic removal 15 9  
     Laparoscopic surgery 0 0  
     Open surgery  3 5  
Data are presented as number (n) or median (range). Abbreviations: BMI, body mass index; ESWL, 
extracorporeal shockwave lithotripsy. Other underlying conditions included spinal muscular atrophy, 
cerebral palsy, osteogenesis imperfect, Duchenne muscular dystrophy and neuronal ceroid 
lipofuscinosis.  
*BMI ≥85th percentile for age and sex.** Largest stone, if more than one detected. 
 

 

 

Kaplan-Meier survival plot depicting stone-free survival for all 190 first-time kidney 

stone formers is shown in Figure 7. Stone recurrence was observed in approximately 13% of 

cases at one year, 22% at 3 years, 26% at 5 years, 35% at 10 years and 46% at 20 years.  
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Stone-free survival by sex is shown in Figure 8. No difference in stone recurrence 

was observed between boys and girls (p=0.23), with approximately 30% recurrence rate at 5 

years and close to 40% at 10 years (Figure 8). 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Stone-free survival rate for all patients. Kaplan-Meier analysis. 

 

Figure 8. Stone-free survival rate by sex. Kaplan-Meier analysis and 
log-rank test used for group comparison.  

 

p=0.23 
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Stone-free survival rate by BMI percentiles is displayed in Figure 9. A difference in 

stone recurrence of borderline significance was noted for those with BMI percentile below and 

above the median of our study sample (p=0.05). The recurrence rate was 45% at 5 years for 

individuals with BMI percentiles above the median compared with 25% for those with BMI 

percentiles below the median value (Figure 9).  
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The stone-free survival rate, which varied significantly with year of diagnosis (Figure 

10), was 9% for patients diagnosed in the years 1985-1994, 24% in 1995-2004 and 37% in 

2005-2013  (p=0.005). 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Stone-free survival rate by BMI percentiles above and 
below the median. Kaplan-Meier analysis and log rank-test 
used for group comparison. 

 

 p=0.05 
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4.3.1 Urinary Metabolic Risk Factor Evaluation and Stone Recurrence 

Urinary metabolic risk factor analysis for single and recurrent stone formers is presented in 

Table 5. While the recurrent stone formers underwent metabolic risk factor analysis more 

often than the single stone formers (p<0.001), there was no difference in the presence or 

number of metabolic risk factors between the two groups. No difference was found between 

the single and recurrent stone formers with respect to the 24 hr urine volume and calcium, 

oxalate, uric acid and citrate excretion, whereas the recurrent stone formers had a 

significantly lower magnesium excretion (p=0.02) (Table 5). The calcium-to-creatinine ratio in 

random single-void urine samples was significantly higher in the group with recurrent stones 

(Table 5).  

Stone-free survival of incident stone formers according to urinary excretion of solutes 

above and below the median is shown in Figure 11. Patients with urinary magnesium 

excretion above the median had a significantly lower stone recurrence rate  (p=0.04). Urinary 

calcium, uric acid, oxalate and citrate excretion as well as urine volume and pH did not 

associate with stone recurrence. 

 

 
 
 
 

Figure 10. Stone-free survival rate by year of initial diagnosis. 
Kaplan-Meier analysis and log-rank test used for group 
comparison. 

 

p=0.005 
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Table 5. Urinary metabolic risk factor analysis for single and recurrent stone formers. 

 Single stone formers 
n=122 

Recurrent stone formers 
n = 68 

p-value 

Patients evaluated 48 (39) 45 (66) <0.001 
Risk factor present 33 (69) 38 (84) 0.08 
Number of risk factors  2 (0-4) 2 (0-4) 0.14 
24-hr urinary excretion  

Urine volume (mL/kg) 14.89 (5.21-40.28) 
n=30 

15.73 (5.52-38.89) 
n=36 

0.82 

Low urine volume 19 (63) 20 (56) 0.52 

Urinary pH  5.60 (4.80-7.00) 
n=21 

6.00 (5.20-6.50) 
n=28 

0.94 

Calcium (mmol/kg)  0.07 (0.02-0.15) 
n=30 

0.06 (0.01-0.27) 
n=34 

0.77 

Magnesium (mmol/1.73 m2)  2.39 (0.13-31.83) 
n=25 

1.47 (0.33-9.95) 
n=32 

0.02 

Oxalate (mmol/1.73 m2) 0.18 (0.05-0.31) 
n=27 

0.15 (0.05-0.41) 
n=30 

0.26 

Uric acid (mmol/kg)  0.05 (0.00-0.09) 
n=29 

0.05 (0.01-0.11) 
n=33 

0.28 

Citrate (mmol/1.73 m2)  0.83 (0.00-2.72) 
n=18 

0.78 (0.00-2.12) 
n=26 

 

0.63 

Sodium (mmol/kg) 1.98 (0.60- 7.05) 
n=28 

1.99 (0.80-7.43) 
n=35 

0.85 

Solute-to-creatinine-ratio in randomly vodied urine samples 

Calcium  0.42 (0.02-1.09) 
n=18 

1.03 (0.09-2.84) 
n=10 0.02 

Magnesium 0.57 (0.25-1.11) 
n=4 

0.51 
n=1 

 
1.00 

Oxalate 0.03 (0.02-0.07) 
n=6 

0.03 (0.01-0.11) 
n=7 1.00 

Uric acid 0.44 (0.22-1.48) 
n=4 

0.26 (0.12-1.91) 
n=3 0.72 

Citrate 0.09 (0.04-0.38) 
n=4 

0.33 (0.17-0.48) 
n=2 0.16 

Data are presented as number (%) or median (range). 
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Figure 11. Stone-free survival of incident stone-formers according to urinary solute excretion, 
urine volume and urine pH above and below the median. Individuals with urinary 
magnesium excretion above the median had a significantly lower stone recurrence 
rate than those below the median (p=0.04, log-rank test). No other significant 
difference was observed between groups. 

 

p=0.95 p=0.36 

p=0.20 
p=0.04 

p=0.06 p=0.39 

p=1.00 p=0.87 
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5 Discussion 
This population-based nationwide study of Icelandic children and adolescents showed an 

increase in the incidence of kidney stone disease in the years 1985-2013. This increase was 

most prominent in teenage girls in whom a fourfold rise in incidence was observed, mainly in 

the first half of the study period and then leveling off. An increase in incidence was also 

observed in boys and the younger girls during the first half of the study, while the incidence 

subsequently trended downwards and was similar in the first and last study periods. The 

incident stone was symptomatic in almost all patients and the most commonly observed 

symptoms were flank pain and hematuria. This study shows that approximately one-quarter of 

incident childhood stone formers experienced kidney stone recurrence at 5 years and 46% at 

20 years following the initial stone diagnosis. Stone recurrence was not affected by sex or 

age at first diagnosis. Interestingly, recurrent stone formers tended to have higher measures 

of body mass compared with single stone formers and patients diagnosed in recent years had 

greater recurrence rates than those presenting in the early parts of the study period.  

 The dramatic rise in incidence observed in teenage girls in our study is similar to the 

findings of a study by Sas et al., conducted in the state of South Carolina, that showed an 

increase in the incidence of symptomatic kidney stones in children and adolescents less than 

18 years of age (16). In that study the highest incidence rise was seen in females aged 14 to 

18 years, followed by the age group 9 to 13 years. The incidence rate, however, did not 

change significantly in children aged less than 9 years, which also is in concert with the 

findings of the present study. In another study from Olmsted County, an increase was found 

in the incidence of symptomatic kidney stones in 12-17 year-old children while no such 

changes were observed in those less than 11 years of age (17). The incidence rise over time 

in the Olmsted County study did not differ by sex, which contrasts our findings as well as the 

study by Sas and colleagues in South Carolina. While no other population-based pediatric 

studies of the incidence of kidney stones are available for comparison, data derived from the 

Kids’ Inpatient Database, a large-scale US data set that captures childrens’ use of hospital 

services, suggest that the prevalence of treated stone disease increased significantly 

between 1997 and 2003 (176). Likewise, a recently published single center US study found a 

nearly five-fold increase in the incidence of childhood kidney stone disease between the time 

periods, 1994-1996  and 2003-2005 (18).  It is of interest that the overall incidence in our 

study increased from 1985-1990 until 1995-2004 but thereafter, remained relativelly stable 

until the end of the study period, except in boys, in whom, the incidence decreased 

significantly throughout the latter part of the study period. No studies are, however, available 

for comparison on the epidemiology on kidney stone disease after the year 2007.  

 The female preponderance of childhood kidney stone disease observed in our study has 

recently been reported by other investigators (16, 42, 43). Interestingly, a recent study by our 

group in the adult population showed a significant increase in the incidence of symptomatic 

stones in the age group 18-29 years, in both men and women, and an increase of borderline 

significance in women aged 30-39 years (177). Moreover, we (177) and others (14, 41) have 
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shown a decreasing male preponderance of kidney stone disease in adults, particularly in the 

youngest age groups, where the male:female ratio is now close to 1:1. Thus, kidney stone 

disease appears to be becoming more common in females, particularly among teenagers and 

younger adults. Limited or no changes in the sex ratio have been noted by others (16) in pre-

pubertal children, which is consistent with our findings. It will be interesting to see if a 

significant shift in the sex ratio in the older age groups will occur in the years to come. 

 The overall prevalence of stone disease in the current study remained similar in girls 

throughout the latter part of the study period whereas an initial increase in prevalence among 

boys was followed by a decline, paralleling the decrease in incidence. No population-based 

data are available for comparison in children, but studies in adults have demonstrated a rise 

in the global prevalence of kidney stone disease in recent years (1).  

Urinary metabolic risk factors for stone formation were identified in 76% of the 

patients tested. Data on urine metabolic stone risk factors are especially scarce during the 

first 10 years of the study period but are available for around 60% of the participants after the 

year 1995. Contrary to a number of previous studies that have demonstrated hypercalciuria to 

be present in 75-80% of pediatric stone formers and 40-50% of adults with stone disease 

(74), only 20% of the children in the current study had documented hypercalciuria. 

Intriguingly, hypomagnesuria and hypocitraturia were the most commonly noted abnormalities 

in our study. Girls in our study had significantly lower urine output and urinary excretion of 

magnesium, oxalate and uric acid compared to boys while other studies have failed to show a 

differences in metabolic risk factor profile between the sexes (3, 104). Individuals diagnosed 

after 13 years of age had significantly lower urine output compared to those diagnosed before 

the age of 13 which is similar to the results of another study (104). Girls 13-17 years of age 

therefore appear to have the lowest urine volume, which might contribute to the high 

incidence rate of kidney stone disease among teenage girls in our population. 

 The reason for the apparent rising incidence of stone disease in teenage girls is not 

known. Overweight and obesity have been implicated as potential causes of the increase in 

the incidence of childhood and adult stone disease (32). Interestingly, teenage girls who in 

the current study had the highest incidence of stone disease, had a lower BMI percentile than 

boys which speaks against the effect of higher percentile body weight on incident stone 

formation. Similar observations were also made by Sas et al. who found stone-formers to 

have a slightly lower BMI percentile than the general non-stone-forming population (32). 

Additionally, lower percentile body weight children were in one study found to have their first 

symptomatic stone at a younger age than their upper percentile or normal body weight peers 

and stone size and the need for surgical procedures did not vary with body mass (79). 

Therefore, in children and adolescents, epidemiologic data do not suggest a link between 

higher BMI percentiles and stone formation. However, we observed differences in urine stone 

risk factors between girls and boys in the current study that may explain the difference, 

including, significantly lower urine output and magnesium, oxalate and uric acid excretion in 

girls compared to boys. Albeit limited data are available on nutrient intake in Icelandic children 
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and adolescents in recent years, the total intake of protein, carbohydrates, fat and calories in 

the years 2003-2004 was significantly higher in 15 year-old boys when compared to girls of 

the same age and does not shed light on the sex differences observed in our study (178). In 

that report, sex-specific data on sodium consumption were not available. Higher sodium 

excretion in children has not been directly linked with kidney stone disease but adult male, 

stone-formers have been found to have significantly higher sodium excretion than healthy 

controls (179). We found no difference in sodium excretion between the sexes nor age at 

diagnosis. 

The use of computed tomography for the diagnosis of stone disease increased 

dramatically during the study period, whereas a significant reduction in the use of other 

imaging modalities for kidney stones was observed. These findings are consistent with those 

of other investigators in the pediatric population (17) and in line with our own observations in 

the adult population (12). Although the more frequent use of highly sensitive imaging 

techniques, such as computed tomography, may have enhanced the stone detection rate 

and, therefore, may partially explain the rise in incidence over the study period, it is not likely 

to explain the sex differences in incidence observed in our teenage population. 

An inverse relationship has been described between dietary calcium intake and the 

risk of symptomatic kidney stones in adults (30, 91, 180). Dietary calcium is thought to 

decrease intestinal oxalate absorption by binding free oxalate, thereby reducing dietary 

hyperoxaluria and urinary calcium oxalate crystallization (181). Indeed, a low calcium diet has 

been shown to increase the risk of nephrolithiasis and urinary oxalate excretion in adults (24). 

The reduced calcium intake in older children associated with less consumption of milk, and its 

replacement with sweetened drinks (23), is a concern. A causative relationship between 

kidney stones in childhood and reduced intake of calcium has, however, not been clearly 

demonstrated (32). Other dietary factors such as the intake of sodium, protein, fructose, 

citrate, magnesium  may also play a role (24, 30, 182, 183). Excessive and increasing sodium 

intake (26) may in theory contribute to hypercalciuria and stone formation while it does not 

explain why it would primarily be noted in white teenage females and have no effect at all in 

African American children (16). The potential contribution of global warming and rising 

ambient temperature (184) to increasing childhood stone prevalence, however, has not been 

systematically studied and there is no obvious reason why the effect of these factors would 

only be seen in teenage girls.  

As expected, the most common presenting clinical features in the current study were 

flank or abdominal pain, followed by hematuria and UTI, which is similar to other reports (6, 

32, 36). The overall spontaneous stone passage rate observed in the present study was over 

50% and significantly higher in the older children, which is similar to that reported by others 

(56).  Seventy-four (39%) underwent a surgical procedure which is similar to data from the US 

(67) but somewhat lower than reported from the UK where 90% of the children with stone 

disease have undergone stone removal procedures (47).   
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Although the majority of the patients in our study were healthy apart from the stone 

disease, the number of children with monogenic stone disorders, urinary tract malformations 

and other underlying medical conditions, underlines the importance of a thorough medical 

evaluation of all children with nephrolithiasis. A high index of suspicion coupled with early 

diagnosis and treatment likely reduces the serious long-term complications of some of these 

conditions (86). 

The current investigation is the first nationwide population-based study on kidney 

stone recurrence in children and adolescents to date. A recent single center study in the US, 

carried out by Tasian et al. at the Children´s Hospital of Philadelphia, examined the 3-year 

kidney stone recurrence in children aged 3 to 18 years with incident symptomatic stone 

disease (152). The investigators observed recurrent stones in approximately 50% of cases 

within 3 years of the incident stone, while the observed 3-year recurrence in the present study 

was close to 25%. As in our study, almost all stone recurrence was symptomatic. Selection or 

referral bias may have contributed to the higher recurrence rate in the US study as it 

represents a single-center investigation from a large referral institution. Another recent study 

from the US, examining a large population-based cohort and focusing primarily on the 

incidence of kidney stones in children below 18 years of age, showed an overall recurrence 

rate of 44% at 25 years (17). Although detailed data on stone recurrence were missing in the 

latter study, the overall recurrence rate was similar to our findings. Interestingly, the stone 

recurrence rates observed in the present study appears to be similar to what has been 

reported in several adult studies (146-150).  

The 5-year recurrence rate in the present study increased significantly with the year 

of diagnosis and was by far highest in the last part of the study period. Although no single 

study has examined time trends in stone recurrence, the recurrence rate observed in two 

pediatric studies published around 1990 was approximately 20% after 10 (99) and 27 (151) 

years of follow-up, respectively, while in the more recent US study by Tasian et al. the rate 

was 50% after 3 years of follow-up (152). Although the results of these studies must be 

interpreted with caution, they may reflect a change in recurrence similar to that observed in 

our study. Indeed, the recurrence rate for the last time interval in the current study was 

roughly 40% at 3-5 years and almost 50% at the end of follow-up, similar to the results from 

Tasian et al. (152). 

The increase in stone recurrence with year of diagnosis observed in our study may, 

however, simply reflect increased awareness of pediatric kidney stone disease and a more 

meticulous follow-up of our stone forming population in recent years rather than a true 

increase in stone risk. The more common use of high-resolution imaging, such as CT 

scanning, observed in the current study likely plays a role as well. However, we thoroughly 

searched all available clinical data for all patients and contacted patients and/or guardians at 

the end of the study period to ascertain recurrence status. Thus, the increase in recurrence 

may well be true, and linked to the rise in disease incidence. Changes in environmental 

factors affecting stone risk, including dietary intake of various nutrients, may have contributed 
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to the recurrence increase observed in our study sample. The dramatic rise in the number of 

fast food restaurants and increased food-portion sizes which has occurred in our society 

during the last 30 years (178), parallels the increase in stone recurrence observed. 

Furthermore, the lifestyle and dietary habits are comparable to other affluent industrialized 

nations (185) and the mean body mass index as well as the prevalence of obesity and type 2 

diabetes have markedly increased in Iceland over the past 30-40 years (186). While no 

scientific data associating stone formation or recurrence with food intake are currently 

available, the sodium consumption observed in a dietary survey carried out in Icelandic 

children in the years 2002 to 2003, exceeded the recommended daily intake in the majority of 

participants (178, 187). This high sodium consumption, which is known to increase urine 

calcium excretion and stone risk, may have affected the risk of kidney stone formation and 

recurrence (24, 25). We, however, found no significant difference in sodium excretion 

between single and recurent stone formers.  

Interestingly, we found stone recurrence to significantly associate with higher 

measures of body mass, whereas the recurrence rate was not significantly related to 

overweight or obesity. While studies in the adult population have clearly linked higher BMI 

with increased risk of incident calcium oxalate stones (57, 58, 76-78), data on the association 

of obesity with risk of stone recurrence in the adult population have been conflicting (188, 

189). In fact, the literature on the link between obesity and recurrent stone disease at any age 

is scarce. Kidney stone recurrence in our study was not associated with age at incident stone 

or sex. A study by Pietrow et al. from 2002, however, suggested that children below the age 

of 10 years had higher recurrence rate compared with older children (56), while another study 

of childhood stone disease found no association between age or sex and risk of  recurrence 

(158).  

Urinary metabolic risk factor analysis comparing single and recurrent stone formers 

showed that recurrent stone formers had significantly lower magnesium excretion and higher 

calcium-to-creatinine ratio in spot urine samples. Studies have suggested that a higher 

number of recurrent stone formers have abnormal levels of calcium and citrate (118) and 

higher calcium excretion (111) compared to solitary stone formers. Our study failed to link 

urinary calcium and citrate excretion with stone recurrence, although in a small number of 

patients who only had single void urine samples available for risk factor analysis, a higher 

calcium-to-creatinine ratio was observed in recurrent stone formers. Although few or no 

studies have linked magnesium excretion with stone recurrence in children, magnesium might 

be a more important risk factor for stone formation in children compared to adults (98). We 

found no difference in the number of risk factors present between the groups but earlier 

studies have linked higher rate of stone recurrence in children with the presence (56) and 

greater number (118) of documented urine stone risk factors.  

The strengths of the current study include a nationwide population-based research 

design where practically all Icelandic children and adolescents who developed their first 

kidney stone during the course of the study were identified and included. The fact that single 
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stone formers were contacted at the end of the study period and screened for symptoms 

suggestive of recurrence adds strength to the study. The highly sensitive patient search 

strategy and meticulous medical record review makes this study unique compared to previous 

work in this field. The Icelandic population is primarily Caucasian with a genetic background 

reflecting the gene pool of Northern Europeans (190), and the lifestyle is comparable to other 

affluent industrialized countries, including dietary habits. Thus, we  believe our data are 

representative for Western populations. The retrospective design is a limitation of the study. 

Further, even though our study included a relatively large number of patients for a pediatric 

study and probably captured more than 95% of Icelandic children with symptomatic kidney 

stones, the study population is rather small and our search strategy may have missed 

subjects with mild or short lived symptoms. There were incomplete data on several important 

factors, such as height, weight, overweight and obesity and results of urine metabolic stone 

risk factor analysis. The study period reaches almost 30 years and data on urine metabolic 

stone risk factors are especially scarce during the first 10 years. Radiographic imaging 

studies from the earlier part of the study period were not available for review which may affect 

stone detection and documentation of recurrence. 
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6 Conclusions 
In conclusion, the current study showed a fourfold rise in the incidence of symptomatic kidney 

stone disease in teenage girls in the last three decades. The overall female predominance of 

childhood stone disease may reflect a change in the sex ratio of stone formers. Limited or no 

changes in the sex ratio were observed in prepubertal children. The increase in incidence 

observed in teenage females is poorly understood and warrants further study. The kidney 

stone recurrence rate in this nationwide sample of Icelandic children is high and similar to that 

reported in adults. Recurrence is not affected by sex or age at first stone diagnosis, while our 

data suggest that stone recurrence may be more common in individuals with greater body 

mass and appears to be becoming more frequent over the past few years. Prospective 

studies defining stone recurrence as new stone formation and/or growth of a pre-existing 

stone confirmed by medical imaging are needed. Finally, the potential contribution of 

environmental factors to the observed increase in kidney stone recurrence warrants further 

study.   
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Appendix 

 
Table 6. Urinary metabolic stone risk factor analysis by sex and age at diagnosis. 
 
 Boys Girls 
 <13 years 

n=32 
t13 years 

n=46 
<13 years 

n=29 
t13 years 

n=83 
Risk factor present 15 13 17 26 
Number of risk factors  0 (0-4) 0 (0-3) 1 (0-4) 0 (0-4) 
24-hr urinary excretion 
Urine volume  

(mL/kg) 

24.00 
(11.72- 40.28) 

n=11 

16.72 
(9.31-29.05) 

n=12 

20.16 
(12.38-39.12) 

n=16 

10.79 
(5.21-30.79) 

n=27 
Urine pH 6.0  

(5.5-6.9) 
n=7 

5.7  
(5.0-7.0) 

n=10 

6.0  
(4.8-6.8) 

n=8  

5.6  
(5.2-6.5) 

n=24 
Calcium  

(mmol/kg)  

0.08 
(0.02–0.11) 

n=10 

0.07 
(0.02-0.27) 

n=12 

0.09 
(0.01–0.18) 

n=16 

0.06 
(0.01-0.12) 

n=26 
Magnesium 
(mmol/1.73 m2)  

2.75 
(1.50-6.06) 

n=10 

2.17 
(0.33-9.95) 

n=9 

2.33 
(0.91–3.71) 

n=14 

1.43 
(0.13-31.83) 

n=24 
Oxalate  

(mmol/1.73 m2) 

0.17 
(0.12–0.31 ) 

n=9 

0.22 
(0.05–0.41) 

n=10 

0.18 
(0.06–0.27) 

n=15 

0.13 
(0.05-0.31 ) 

n=23 
Uric acid  

(mmol/kg)  

0.06 
(0.03–0.11 ) 

n=10 

0.05 
(0.03-0.08 ) 

n=12 

0.06 
(0.00–0.08) 

n=15 

0.04 
(0.01-0.07) 

n=25 
Citrate  

(mmol/1.73 m2)  

0.81 
(0.22-2.12) 

n=5 

0.72 
(0.36–1.25) 

n=8 

0.86 
(0.00–2.72) 

n=10 

0.81 
(0.00–2.45) 

n=21 
Sodium (mmol/kg) 2.37 

(0.60–4.22) 
n=11 

2.13 
(1.58–7.43) 

n=11 

2.25 
(1.17–7.05) 

n=15 

1.60 
(0.69-3.50) 

n=26 
Solute-to-creatinine-ratio in randomly voided urine samples 
Calcium 0.57 

(0.30-2.84) 
n=11 

0.39 
(0.02-0.71) 

n=4 

1.08 
(0.05-1.12) 

n=4 

0.45 
(0.09-1.00) 

n=9 
Magnesium 0.51 

(0.45-1.11) 
n=3 

0.47 
(0.25-0.69) 

n=2 

NA NA 

Oxalate 0.04 
(0.01-0.11) 

n=6 

0.02  
(0.02-0.02) 

n=2 

0.06 
(0.02-0.10) 

n=2 

0.02 
(0.02-0.05) 

n=3 
Uric acid 0.59 

(0.26-1.91) 
n=5 

NA 0.12 
n=1 

0.22 
n=1 

Citrate 0.09 
(0.08-0.10) 

n=2 

0.21 
(0.04-0.38) 

n=2 

0.17 
n=1 

0.48 
n=1 

Data are presented as number or median (range). 
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Invitation letter and questions for individuals who only had one confirmed 
stone. They were contacted by phone (patient or guardian) and screened for 
symptoms suggestive of recurrent stone disease.  
 

 

Kynningarbréf fyrir þátttöku í vísindarannsókn á nýrnasteinum: 
 

Endurkomutíðni nýrnasteina hjá þeim sem fengu sinn fyrsta nýrnastein á 
barnsaldri  

 
Ágæti viðtakandi.  
 
Tilgangur þessa bréfs er að bjóða þér eða barninu þínu ef viðkomandi er undir 18 ára 
aldri þátttöku í rannsókninni „Endurkomutíðni nýrnasteina hjá þeim sem fengu sinn 
fyrsta nýrnastein á barnsaldri “. Markmið rannsóknarinnar er að kanna 
endurkomutíðni nýrnasteina hjá börnum og útbúa aðferð til þess að meta hættu á 
endurkomu nýrnasteina í þessum aldurshópi. Rannsóknin hefur fengið samþykki 
Vísindasiðanefndar og Persónuverndar.  
 
Rannsóknin er verkefni unglæknisins Sólborgar Erlu Ingvarsdóttur. Ábyrgðarmaður er 
Viðar Örn Eðvarðsson Barnalæknir við Barnaspítala Hringsins og dósent í 
barnalæknisfræði við læknadeild Háskóla Íslands. Aðrir sem komið hafa að 
undirbúningi rannsóknarinnar og munu leiðbeina Sólborgu Erlu og vinna að 
rannsókninni eru Ólafur Skúli Indriðason, sérfræðingur í nýrnalækningum á 
Landspítala og Runólfur Pálsson, yfirlæknir nýrnalækninga á Landspítala og dósent í 
lyflæknisfræði við læknadeild Háskóla Íslands. 
 
Rannsóknarhópurinn hefur framkvæmt rannsóknir á nýrnasteinum hér á landi í 
ríflega áratug m.a. með því að skoða allar myndgreiningarrannsóknir á nýrum og 
þvagfærum (röntgenrannsóknir) á Landspítalanum, hjá Læknisfræðilegri 
Myndgreiningu í Domus Medica og á Fjórðungssjúkrahúsinu á Akureyri frá árunum 
1982 til 2014. Samkvæmt sjúkragögnum greindist þú/barnið þitt með nýrnastein á 
þessu tímabili. 
 
Við munum leita upplýsinga í þinni sjúkraskrá / sjúkraskrá barnsins þíns til að athuga 
hvort þú/barnið þitt hafi aftur fengið nýrnastein. Við höfum fengið leyfi 
Vísindasiðanefndar og Persónuverndar til að hringja í þig, og aðra einstaklinga sem 
eru í sömu sporum, og afla upplýsinga um mögulega nýja nýrnasteina.  Við munum 
því á næstu vikum hringja í þig til að útskýra rannsóknina betur og leggja fyrir þig 
nokkrar spurningar er lúta að mögulegri endurkomu á nýrnasteinasjúkdómi. 
 
Þátttaka þín ætti að taka innan við 5 mínútur. Þér er ekki skylt að svara 
spurningunum og þú/barnið þitt getur hafnað þátttöku í þessari rannsókn og mun 
ákvörðun þín þar að lútandi ekki hafa áhrif á þjónustu sem þér eða barninu þínu 
stendur til boða á Landspítalanum eða annars staðar í heilbrigðiskerfinu í framtíðinni. 
Svar við spurningunum skoðast sem upplýst samþykki.  
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Allar upplýsingar sem þátttakendur veita í rannsókninni verða meðhöndlaðar 
samkvæmt ströngustu reglum um trúnað og nafnleynd og farið verður að íslenskum 
lögum varðandi persónuvernd, vinnslu og eyðingu gagna. Ekki verður greitt fyrir 
þátttöku í rannsókninni.  
 
Ef þú hefur spurningar varðandi rannsóknina, biðjum við þig að hafa samband við 
Sólborgu Erlu eða við aðra rannsakendur en nöfn þeirra eru hér fyrir neðan.  
 
Með von um góðar undirtektir.  
 
 
_____________________________ 
Sólborg Erla Ingvarsdóttir, læknir 
Landspítala, Hringbraut, 101 Reykjavík  
Sími: 848 6061      
 
Ábyrgðarmaður rannsóknar: 
Viðar Örn Eðvarðsson, læknir  
ábyrgðarmaður rannsóknarinnar  
Barnaspítala  Hringsins, Landspítala, Hringbraut, 101 Reykjavík  
Sími 543 3452 og 824 5227  
 
Aðrir rannsakendur:  
Ólafur Skúli Indriðason, læknir  
Nýrnalækningaeining Landspítala, Hringbraut, 101 Reykjavík  
Sími 543 6071 og 825 5087  
 
Runólfur Pálsson, læknir  
Nýrnalækningaeining Landspítala, Hringbraut, 101 Reykjavík  
Sími 543 6461 og 824 5827  
 
 
 
Ef þú hefur spurningar um rétt þinn sem þátttakandi í vísindarannsókn eða vilt 
hætta þátttöku í rannsókninni getur þú snúið þér til Vísindasiðanefndar, 
Tryggvagötu 17, 150 Reykjavík. Sími: 551 7100, tölvupóstfang: vsn@vsn.is 
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SPURNINGALISTI VEGNA RANNSÓKNAR 
SÍMTAL 

Þátttakendur svara spurningum með lækni eða starfsmanni rannsóknarinnar  
 
 Heiti rannsóknar: Endurkomutíðni einkennasteina hjá börnum 
 
Samþykkur að taka þátt.  Já / Nei 
 
Raðnúmer þátttakenda: ___________  (hvorki skal setja nafn né kennitölu á þetta 
blað) 
 
Dagsetning:________________ 
 
Hæð: _______ cm   Þyngd: ______ kg  
 
Hefur þú fengið nýrnasteinakast eftir fyrsta nýrnasteinakast 
 Ef já; hvenær_________________________ 
           Leitaðir þú til læknis________________ 

          Hvar?__________________________ 
 
1. Hvaða einkenni fékkstu?  

a. Verkir  Já ___  Nei ___   
i. Ef já, hvar? 

b. Blóð í þvagi   Já ____  Nei ___   
c. Þvagfærasýking    Já ____  Nei ___   
d. Önnur einkenni 

i. Hvaða einkenni _______________________________________ 
 

2.  Er fjölskyldusaga um nýrnasteina? 
Já ___  Nei ___    
Ef já, hver/hverjir?____________ 

 
3. Hefur þú greinst með hækkaðan blóðþrýsting hjá lækni? 

Já ___  Nei ___   
 
4. Hefur þú greinst með sykursýki hjá lækni? 

Já ___  Nei ___   
 

5. Hefur þú greinst með beinþynningu? 
Já ___  Nei ___    
 

6. Hefur þú fengið þvagfærasýkingu?  Já ___ Nei ___   
a. Hve oft hefur þú fengið þvagsýkingar? 
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7. Hefur þú farið í einhverjar aðgerðir til að láta fjarlægja nýrnasteina?  
Já ___ Nei ___ 
Ef já, hvar voru aðgerðir framkvæmar?  
 - Landspítali   Já ___ Nei ___ 
 - Sjúkrahúsið á Akureyri  Já ___ Nei ___ 
 - Aðrar stofnanir  Já ___ Nei ___ 
 
Ef já, hvaða aðgerðir ? 

 
a.  Blöðruspeglun Já ___ Nei ___ 
b. Steinbrjótsmeðferð  Já ___ Nei ___ 
c. Opnar skurðaðgerðir vegna nýrnasteina  Já ___ Nei ___ 
d. Aðrar tegundir aðgerða? 

i. Ef já, hverskonar aðgerð?  ___________________________ 
 

   
8. Hefur þú skerta nýrnastarfsemi? 

Já ___  Nei ___ 
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