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Abstract

Background An increase in the incidence of kidney stone disease has been reported for all age groups worldwide. To examine this trend,
we conducted a nationwide study of the epidemiology of kidney stones in Icelandic children and adolescents over a 30-year period.
Methods Computerized databases of all major hospitals and medical imaging centers in Iceland were searched for International
Classification of Diseases and radiologic and surgical procedure codes indicative of kidney stones in patients aged < 18 years,
followed by a thorough medical record review. Age-adjusted incidence was calculated for the time intervals 1985-1989, 1990—
1994, 1995-1999, 2000-2004, 2005-2009, and 2010-2013. Time trends in stone incidence were assessed by Poisson regression.
The prevalence of stone disease for the years 1999-2013 was also determined.

Results Almost all the 190 patients (97%) that we identified had symptomatic stones, and acute flank or abdominal pain and
hematuria were the most common presenting features. The total annual incidence of kidney stones increased from 3.7/100,000 in
the first 5-year interval to 11.0/100,000 during the years 1995-2004 (p < 0.001) and decreased thereafter to 8.7/100,000 in 2010—
2013 (p =0.63). The incidence rise was highest in girls aged 13—17 years, in whom it rose from 9.8/100,000 in 19851989 to
39.2/100,000 in 2010-2013 (p <0.001), resulting in an overall female predominance in this age group. The mean annual
prevalence of stone disease in 1999-2013 was 48/100,000 for boys and 52/100,000 for girls.

Conclusion We found a significant increase in the incidence of childhood kidney stone disease, driven by a dramatic increase of
stone frequency in teenage females which is poorly understood and warrants further study.

Keywords Kidney stones - Nephrolithiasis - Urolithiasis - Epidemiology

Introduction

Kidney stone disease is a common health problem with an
estimated lifetime prevalence of approximately 10-12% in
men and 5-6% in women [1, 2]. Several recent studies in the
adult population have described a significant rise in the inci-
dence and prevalence of symptomatic kidney stones over the
last two or three decades [1, 3—6]. Interestingly, a study recently
published by our group showed a significant increase in the
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incidence of symptomatic stones in the age group 18-29 years
in both sexes, in whom the rate of symptomatic stones rose
significantly faster in women than that in men [3]. Although
the epidemiology of kidney stone disease in children and ado-
lescents is less well defined than in adults, several reports sug-
gest a significant increase in the incidence of kidney stones in
children [7-9] and a number of studies have shown a more
pronounced rise in girls than boys [7, 10, 11]. Thus, kidney
stones may be becoming more common in young females.
Importantly, significant morbidity and healthcare cost are asso-
ciated with kidney stone disease at any age [12, 13].

A number of well-defined clinical factors are known to
increase the risk of calcium kidney stone disease.
Urinary metabolic risk factors, which include idiopathic
hypercalciuria, hyperoxaluria, hypocitraturia, hyperuricos-
uria, and low urine volume[14—16], have been reported in
40-95% of first-time pediatric stone formers [15, 17, 18].
There is evidence that alterations in the prevalence of these
risk factors may be partially responsible for the epidemiolog-
ical changes observed [19]. Finally, various rare inherited
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disorders and urinary tract anomalies are important but fre-
quently overlooked causes of urinary tract stone disease in
children [20, 21]. Thus, improved understanding of the epide-
miology of stone disease in childhood and adolescence is
important.

In order to accurately assess time trends in the incidence
and prevalence of kidney stone disease in children and ado-
lescents, we conducted a retrospective study designed to iden-
tify all known childhood cases of kidney stones in Iceland
during the last three decades. We also examined the presence
of known risk factors for kidney stone formation.

Methods
Study design and setting

A retrospective, nationwide study of children and adolescents
aged < 18 years, who were diagnosed with kidney stones in
Iceland during the period 1985-2013, was conducted.
Participating institutions included the Children’s Medical
Center at Landspitali-The National University Hospital of
Iceland in Reykjavik, which serves as a general hospital for
more than half of the country’s population and a tertiary care
center for the whole nation; Akureyri Hospital in the northern
part of Iceland which is the only hospital outside the
Reykjavik area with a pediatric department; and Domus
Radiology in Reykjavik, a privately operated medical imaging
clinic. These institutions performed over 95% of all abdomi-
nal and urinary tract imaging studies and all pediatric surgical
procedures for kidney stone disease in Iceland during the
study period.

Patient search strategy

Patients were identified by searching computerized databases
at participating institutions for International Classification of
Diseases (ICD) and radiology diagnosis codes and surgical
procedure codes indicative of kidney stones. Although elec-
tronic 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 health records during 1983
and 1984. The search strategy has previously been successfully
used for the study of adult kidney stone disease in Iceland
[3] and included the following codes:

1. ICD diagnosis codes: ICD-9 codes 592.0, 592.1, 592.9,
270.0, 271.8, and 788.0. ICD-10 codes N20.0, N20.1,
N20.2, N20.9, N21.0, N21.1, N21.8, N21.9, N22.0,
N22.8,N23, E72.0, E74.8, and E79.8.

2. Radiology diagnosis codes: 460.812, 501.812, 510.812,
940.812, 950.812, 840.812, and 850.812.
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3. NOMESCO Classification of Surgical Procedures
(NCSP) codes: KAE00, KAEO1, KAE10, KAEI11,
KAE12, KAE96, KAE97, KAE98, KBE00O, KBEOI,
KBE12, KBE22, KBE96, KBE97 KBE98, KCE00,
KCEO01, KCE02, KAT00, KBT00, and KCTOO.

Characterization of study subjects

A 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 in-
cluded sex, race, and date and age at diagnosis; prior history of
stones; congenital anomalies of the kidney and urinary tract;
severe neuromuscular disorders and other conditions leading
to immobility; use of drugs that are known to predispose to
stone formation; height and weight; clinical manifestations
associated with kidney stones; the detection of stones by med-
ical imaging procedures; patient-reported stone passage; and
results of urinalysis, urine cultures, and kidney stone analysis.
Symptomatic stone events were defined as either acute flank
or abdominal pain associated with hematuria and/or the detec-
tion of stones by a medical imaging study, or a patient-
reported stone passage. Patients with stones confirmed by
imaging and a simultaneous urinary tract infection were
classified as symptomatic, even if they had no other
complaints suggestive of nephrolithiasis.

Results of the first available 24-h urine collection, obtained
within 3 years of the incident stone diagnosis, were used to
assess the prevalence of urinary metabolic risk factors for
stone formation. When the first two urine collections had been
obtained during the same week, results from both samples
were used and the more extreme solute values (higher values
for promoters and lower values for inhibitors of stone forma-
tion) and the average of the pH of the two collections were
included. When timed urine samples were not available, uri-
nary risk factor assessment was based on the first randomly
voided urine specimen obtained within 3 years of the incident
stone. Results of the urinary metabolic risk factor evaluation
were expressed as the amount of solute excreted in 24 h, ad-
justed for body size (timed collections), or solute-to-creatinine
ratios (random urine samples). Timed urine collections were
considered sufficient if the creatinine excretion was in the
range of 133-222 pumol/kg/24 h (15-25 mg/kg/24 h).
Previously published reference data for urine pH and urinary
excretion of solutes were used to identify abnormal values
[22]. Low urine volume, as a risk factor for a first kidney stone
was defined as less than 1.0 mL/kg/h in younger children
[23-25] and 1000 mL/24 h in older children and adolescents
who weighed 40 kg or more [26, 27]. Pediatric anthropometric
reference data, specific for age and sex, were used to establish
percentiles for weight and body mass index (BMI) [28], and
BMI Z scores were generated from equations provided by the
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US Centers for Disease Control and Prevention [28, 29].
When measurements of height and weight were not available
within 6 months of the dates of urine collections, this infor-
mation was extrapolated from data points in the respective
patient growth charts, if available.

Statistical methods

Incidence and prevalence of kidney stone disease were calcu-
lated based on the total population of Iceland aged 0—17 years,
which numbered 79,758 at the end of the study period
(December 31, 2013; www.statice.is/Statistics/Population/
Overview). Both the crude incidence and the incidence
stratified by age and sex were calculated. Poisson regression
analysis was used to assess time trends in kidney stone
incidence, using the incidence rate in each year of the study
for the whole patient sample, for each sex and the 2 age
groups, < 13 and >13 years. The Poisson regression was
performed for the whole study period and separately for the
first and second half. To simplify the presentation of the data,
the average incidence was calculated for the time
intervals1985-1989, 1990-1994, 1995-1999, 20002004,
2005-2009, and 2010-2013. Annual prevalence was
calculated only for the years 1999-2013 because single
stone formers diagnosed prior to 1983 might have been
missed in the early years of the study period. Groups were
compared using the chi-square or Fisher’s exact test for cate-
gorical variables and the Wilcoxon-Mann-Whitney test for
continuous variables. The statistical analysis was performed
using STATA software, intercooled STATA version 12.0 for
MAC (Stata Corporation, College Station, TX).

Results

The search strategy identified 251 individuals < 18 years of
age, with ICD and/or radiology diagnosis codes or surgical
procedure codes suggestive of kidney stone disease. Most of
the children were detected by more than one of the three cod-
ing systems. Following 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. Twenty-four
patients who carried a diagnosis of kidney stone disease prior
to the year 1985 were also excluded.

Clinical characteristics of the patients are presented in
Table 1. The number of incident kidney stone formers was
190, of whom 112 (59%) were girls. Sixty-one (32%) were
<13 years of age, 29 (48%) of whom were girls, and 129
(68%) were > 13 years, including 83 (64%) girls. The children
were exclusively non-Hispanic Whites, reflecting the ethnic
composition of the Icelandic population. A total of 108 (57%)
children required hospital admission for pain control and/or

emergency 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
approached the 80th percentile (Table 1). The majority of
the individuals had idiopathic calcium stone disease and were
otherwise healthy and free of predisposing conditions.
Exceptions were four children with adenine
phosphoribosyltransferase (APRT) deficiency and one child
with medullary sponge kidney and hypercalciuria. Seven
(4%) children had other underlying disorders predisposing to
kidney stone formation, including spinal muscular atrophy
(n=2), cerebral palsy (n=2), osteogenesis imperfecta (n =
1), Duchenne muscular dystrophy (n = 1), and neuronal ceroid
lipofuscinosis with epilepsy treated with topiramate (n = 1). In
addition, 19 (10%) children had 21 structural malformations
of the urinary tract, i.e. vesicoureteral reflux (n=9),
ureteropelvic junction stenosis (n = 5), ureterovesical junction
stenosis (n = 1), incomplete ureteral duplication on the stone
forming side (n =2), bladder exstrophy (z = 1), mild to mod-
erate posterior urethral valves with normal kidney function
(n=1), and hypospadias (n =2).

The incident kidney stone was symptomatic in 185 (97%)
patients. The most common clinical features were flank or
abdominal pain in 158 (85%), followed by hematuria in 135
(73%), and 8 (4%) had concurrent urinary tract infection.
Flank pain was a less frequent complaint in the younger chil-
dren (p <0.001), while hematuria appeared equally often in
both age groups (Table 1). Of the 158 stones confirmed by
imaging, 138 (87%) were located in the kidneys or ureters
(Table 1). Spontaneous stone passage was observed in 116
(61%) patients, 67 girls and 49 boys. Eighty percent (n =
61), 20% (n=38), and 13% (n=2) of stones that were 1-5,
6-10, and > 10 mm in the largest diameter, respectively, were
passed spontaneously. The spontaneous stone passage rate
was significantly lower in children aged < 13 years compared
with those aged > 13 years, 46 versus 68% (p=0.002). The
presence of more than 1 stone at the time of diagnosis was
confirmed in 39 (21%) patients (Table 1).

Overall, the annual incidence of kidney stones increased
significantly over the study period. 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 de-
creased slightly to 8.7/100,000 in 2010-2013 (»p =0.63).
Figure 1 shows the incidence in girls which 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 there-
after and was 14.2/100,000 at the end of the study period (p =
0.16). The incidence rise in girls was primarily driven by a
large increase in the age group 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). The incidence in girls < 13 years of
age at diagnosis increased significantly from 0/100,000 during
the first 5 years of the study period to 7.2/100,000 in 1995-2000
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Table 1 Clinical characteristics at

initial diagnosis of kidney stone Boys Girls
disease
< 13 years > 13 years < 13 years > 13 years
n=32 n=46 n=29 n=283
Age, years 8.1 (5.2-11.1) 16.4 (15.0-17.4) 9.4 (7.1-10.9) 16.4 (14.9-17.3)
BMI percentile 50 (31-59) 82 (39-95) 39 (12-77) 52 (36-78)
n=17 n=12 n=20 n=26
Urinary tract malformations 6 3 3 7
Other underlying conditions 3 3 1 0
Presenting features
Flank pain 20 41 21 76
Hematuria 24 35 17 59
UTI 1 0 4 3
Other/unclear 1 1 2
Asymptomatic 1 2 1 1
Number of stones
1 14 24 15 48
2 4 4 4 5
>3 5 4 7 6
Unknown 5 4 1 8
Stone not visualized 4 10 2 16
Stone diameter*
1-5 mm 8 22 9 37
6-10 mm 10 11 12
> 10 mm 3 7
Unknown 4 4 11
Stone not visualized 10 2 16
Stone location*
Kidney 10 15 18 23
Ureter 10 17 8 37
Urinary bladder 3 0 0 1
Unknown location 5 4 1 6
Stone not visualized 4 10 2 16
Spontaneous stone passage 16 33 12 55
Stone removal procedures 16 13 17 28
ESWL 12 5 13 19
Endoscopic 4 12
Open surgery 4 1 1

Data are presented as number (n) or median (interquartile range). Other underlying conditions include spinal
muscular atrophy, cerebral palsy, osteogenesis imperfecta, Duchenne muscular dystrophy, and neuronal ceroid

lipofuscinosis

BMI body mass index, ESWL extracorporeal shockwave lithotripsy, U77 urinary tract infection

*Largest stone if more than one stone detected

(»=0.002), but subsequently decreased to 4.4/100,000
in 2010-2013 (p =0.24). In boys (Fig. 2), 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 peri-
od, increased to 11.0/100,000 during 2000-2004 (p =0.07),
and decreased to 4.3/100,000 in 2010-2013 (p =0.02 for the
decrease from year 2000). The incidence in boys diagnosed
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before the age of 13 years increased from 0.7/100,000 in
1985-1989 to 8.2/100,000 in 20002004 (p =0.21), but de-
creased 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.

The mean annual prevalence of kidney stone disease
during the years 1999-2013 was 48/100,000 for boys
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and 52/100,000 for girls (Fig. 3). Trends in the use of
diagnostic imaging during the study period are presented
in Fig. 4. The use of intravenous pyelography (IVP) for
the diagnosis of stone disease increased sharply in the
years 1990-2004, when most of the rise in stone inci-
dence was observed. Later in the study period, the use of
computed tomography (CT) increased, whereas a

significant reduction in the use of IVP and other imaging
modalities was observed.

Urinary metabolic risk factor analysis by sex and age at
diagnosis is displayed in Tables 2 and 3. Urinary meta-
bolic risk factor analysis was available for 93 children
within 3 years of the diagnosis. Of these, 66 had collected
24-h urine samples at 0.3 (0.1-0.66) years following the
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Fig. 4 Medical imaging studies
leading to kidney stone diagnosis
throughout the study period (CT
computed tomography, /VP
intravenous pyelography, KUB
kidney ureter bladder plain x-ray,
US renal ultrasound)

Table 2 Analysis of urinary
metabolic risk factors for kidney
stones in boys and girls

incident stone diagnosis, while 27 had only returned randomly
voided urine specimens. One or more stone risk factors were
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Number of studies
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Time interval (years)

1985-1989 1990-1994 1995-1999 2000-2004 2005-2009 2010-2013

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(2-2) 2 (1-2) 0.64
24h urinary excretion
Urine volume (mL/kg) 18.87 (16.27-29.05) 14.03 (9.72-22.82) 0.01
n=23 n=43
Low urine volume 9 (40) 30 (70) 0.02
Urine pH 6.0 (5.5-6.5) 6.0 (5.6-6.4) 0.97
n=17 n=32
Calcium (mmol/kg) 0.07 (0.06-0.10) 0.06 (0.04-0.09) 0.18
n=22 n=42
Magnesium (mmol/1.73 m?) 2.53 (1.50-3.30) 1.57 (1.18-2.39) 0.04
n=19 n=38
Oxalate (mmol/1.73 m?) 0.18 (0.15-0.29) 0.15(0.10-0.19) 0.03
n=19 n=38
Uric acid (mmol/kg) 0.05 (0.05-0.07) 0.05 (0.03-0.06) 0.04
n=22 n=40
Citrate (mmol/1.73 m?) 0.74 (0.41-0.98) 0.84 (0.16-1.24) 0.75
n=13 n=31
Sodium (mmol/kg) 2.16 (1.67-3.43) 1.84 (1.35-2.61) 0.06
n=22 n=41
Creatinine (mmol/kg) 0.17 (0.14-0.20) 0.15 (0.12-0.18) 0.08
n=21 n=35
Solute-to-creatinine ratio in randomly voided urine samples
Calcium 0.57 (0.35-0.74) 0.48 (0.17-1.00) 0.73
n=15 n=13
Magnesium 0.51 (0.45-0.69) NA —
n=>5
Oxalate 0.04 (0.02-0.06) 0.02 (0.02-0.05) 0.67
n=38 n=>5
Uric acid 0.59 (0.28-1.48) 0.17 (0.12-0.22) 0.05
n=>5 n=2
Citrate 0.09 (0.06-0.24) 0.33 (0.17-0.48) 0.16
n=4 n=2
Creatinine 5.00 (2.50-9.03) 6.20 (3.20-12.00) 0.66
n=15 n=13

Data are presented as number (percentage) and median (interquartile range)
NA not available

identified in 71 (76%) of the children tested. Seventeen (24%)
had 1 risk factor only; 41 (58%) had 2 risk factors; 8 (11%)
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Table 3 Analysis of urinary
metabolic risk factors for kidney <13 years (n=061) > 13 years (n=129) p value
stones in individuals aged < 13
and > 13 years Patients evaluated 42 (69) 51 (40) <0.001
Risk factor present 32 (76) 39 (76) 0.97
Number of risk factors 2(2-2) 2 (1-2) 0.55
24h urinary excretion
Urine volume (mL/kg) 22.82 (14.81-33.60) 13.16 (8.63-16.93) <0.001
n=27 n=39
Low urine volume 14 (52) 25 (64) 0.32
Urine pH 6.0 (5.8-6.4) 5.9 (5.5-6.4) 0.53
n=15 n=34
Calcium (mmol/kg) 0.09 (0.05-0.11) 0.06 (0.04-0.08) 0.06
n=26 n=38
Magnesium (mmol/1.73 m?) 2.44 (1.62-3.17) 1.45 (1.18-2.22) 0.01
n=24 n=33
Oxalate (mmol/1.73 m?) 0.18 (0.14-0.21) 0.16 (0.10-0.21) 0.32
n=24 n=33
Uric acid (mmol/kg) 0.06 (0.03-0.07) 0.05 (0.03-0.05) 0.042
n=25 n=37
Citrate (mmol/1.73 m?) 0.85(0.16-1.44) 0.75(0.36-1.01) 0.85
n=15 n=29
Sodium (mmol/kg) 2.31(1.51-3.35) 1.77 (1.42-2.20) 0.12
n=26 n=37
Creatinine (mmol/kg) 0.14 (0.11-0.16) 0.17 (0.14-0.20) 0.04
n=21 n=35
Solute-to-creatinine ratio in randomly voided urine samples
Calcium 0.60 (0.37-1.09) 0.45 (0.17-0.60) 0.06
n=15 n=13
Magnesium 0.51 (0.45-1.11) 0.47 (0.25-0.69) 0.56
n=3 n=2
Oxalate 0.04 (0.03-0.09) 0.02 (0.02-0.02) 0.11
n=28 n=>5
Uric acid 0.44 (0.26-1.48) 0.22 0.32
n==6 n=1
Citrate 0.10 (0.08-0.17) 0.38 (0.04-0.48) 0.51
n=3 n=3
Creatinine 3.73 (1.66-8.23) 7.50 (5.00-12.69) 0.02
n=15 n=13

Data are presented as number (percentage) and median (interquartile range)

had 3 risk factors; and 5 (7%) had 4 risk factors detected.
Hypomagnesuria was observed in 58 children (53/57 timed
and 5/5 random samples); hypocitraturia in 43 (40/44 timed
and 3/6 random samples); hyperuricosuria in 22 (21/62 timed
and 1/7 random samples); hypercalciuria in 19 children
(14/64 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-h urine samples had low urine volume. When low urine
volume was included in the risk factor assessment, 73 (78%)
children had one or more risk factors identified. Although the
number of risk factors identified did not differ between the
sexes, girls had a significantly lower urine output standardized
for body size (p =0.01), and a higher number of girls met the
definition of low urine volume (p = 0.02). The urinary excre-
tion of magnesium, oxalate, and uric acid was also significantly
lower among the girls (Table 2). Individuals diagnosed after

13 years of age had significantly lower urine volume standard-
ized 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).

Stone analysis was available for only 25 (13%) pa-
tients. Of these, 15 (60%) had calcium oxalate stones, 4
(16%) had 2,8-dihydroxyadenine stones, 2 (8%) had cal-
cium phosphate stones, 3 (12%) had struvite stones, and 1
(4%) was found to have a cystine stone.

Discussion

Our nationwide study of Icelandic children and adolescents
showed an increase in the overall incidence of kidney stone
disease during the years 1985-2013. This increase was mostly
explained by a fourfold rise in the incidence among adolescent
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girls. A modest increase in the incidence was also observed in
the younger girls and in boys during the first half of the study
which subsequently stabilized or trended downwards, partic-
ularly in boys who had a lower incidence at the end of the
study than in the middle period.

The dramatic incidence rise observed in adolescent girls
in our study resonates well with our previous finding of a similar
increase in young adults, particularly young women [3]. The
current findings are also similar to those of Sas and coworkers
in South Carolina, who observed an increase in the incidence
of symptomatic kidney stones in children and adolescents
< 18 years of age [7]. In that study, the highest rise in incidence
was seen in girls 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 < 9 years of age, which
also is in concert with the findings of the present study. In
another population-based study from Olmsted County,
Minnesota, an increase in the incidence of symptomatic kid-
ney stones in 12—17-year-old children was found, while no
such changes were observed in those < 11 years of age [8].
The rise in incidence over time in the Olmsted County study
did not differ by sex, which contrasts our findings. While no
other population-based studies of the incidence of kidney
stones in children are available for comparison, data derived
from the Kids’ Inpatient Database suggest that the prevalence
of treated stone disease increased significantly between 1997
and 2003 [10]. Likewise, a recently published single-center
US study found a nearly fivefold increase in the incidence of
childhood kidney stone disease between the time intervals
1994-1996 and 2003-2005 [9]. It is noteworthy that the over-
all incidence in our study increased between 1985-1990 and
1995-2004 but, thereafter, remained relatively stable until the
end of the study period, except for boys who had a significant
decrease in the incidence throughout the latter half of study
period. No studies on the epidemiology on kidney stone dis-
ease after the year 2007 are available for comparison.

The prevalence of kidney stones at any age is known to
differ between ethnic groups and geographical areas [7, 13,
30, 31], and the reported probability of a stone event in
adults is 1-5% in Asia, 5-9% in Europe, 13% in North
America, and 20% in Saudi Arabia [32]. In Western na-
tions, kidney stones are most commonly seen in non-
Hispanic Caucasians, followed by Mexican Americans,
while the lowest risk has been observed among African
Americans [1, 30]. In North America, a considerable re-
gional variability exists in kidney stone prevalence with
the previously highest reported probability of stone disease
in the Southern States (frequently referred to as the “stone
belt”), which has been attributed to a warmer climate [1,
33]. However, contrasting earlier work, a recent retrospec-
tive study found stone-related hospitalizations to be more
common in the North-Central region compared with the
Southern States. The North-Central region is primarily
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inhabited by Caucasians of European descent, with similar
ethnic background as our study population that lives in a
country where even the summer month temperature only
rarely exceeds 20 °C (68 °F). Therefore, care must be taken
when interpreting these data and the potential effect of
environmental heat on stone formation, as a significantly
higher proportion of the Southern population is African
American, the ethnic group with the lowest stone rate [13].

The female preponderance of childhood kidney stone disease
observed in our study has recently been reported by other inves-
tigators [7, 10, 11]. Furthermore, our study in the adult popula-
tion showed a significant increase in the incidence of symptom-
atic stones in the age group 18-29 years, both in men and wom-
en, and an increase of borderline significance in women aged
30-39 years [3]. Moreover, we [3] and other investigators
[5, 34] have shown a decreasing male preponderance of kidney
stone disease in adults, particularly in the youngest age groups,
where the male-to-female ratio has become close to 1. Thus,
kidney stone disease appears to be becoming more common in
females, particularly among teenagers and younger adults. It will
be interesting to see if a significant shift in the sex ratio in the
older age groups will occur in the coming years.

The overall prevalence of stone disease in the current study
remained similar in girls throughout the period studied, i.e.,
1999-2013, whereas an initial increase in the prevalence
among boys was followed by a decline. This likely is related
to the changes observed in incidence in the same time period.
However, in children the prevalence is not only linked to
incidence but also depends on the number of cases turning
18 years of age each year, after which they do not contribute
to the prevalence of childhood stone disease.

One or more metabolic stone risk factors were identified
in approximately three quarters of the patients in our study
who had undergone testing. Unfortunately, information on
urinary metabolic stone risk factor evaluation was avail-
able for less than half of the study population, limiting
the conclusions that can be drawn from our data.
Hypercalciuria, which in earlier studies has been reported
to be present in 75-80% of pediatric stone formers [14,
15], was found in only 20% of the children tested in the
present study. Hypomagnesuria and hypocitraturia, which
were the most commonly noted stone risk factors in our
study sample, have only rarely been found to be highly
prevalent among children with kidney stone disease [35].
As our University Hospital’s Clinical Biochemistry
Laboratory has been running a quality control program
for decades, we do not think our results are affected by
incorrect urinary solute or creatinine measurements. The
low 24-h urine volume we observed in teenagers is similar
to that recently reported by others [36]. Nevertheless, teen-
age girls in our study had a significantly lower urine vol-
ume and 24-h urinary magnesium excretion compared with
boys, while other studies have not shown differences in
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urinary stone risk factor profiles between the sexes [36,
37]. As both of these risk factors do promote lithogenicity,
they may have contributed to the high incidence in our
teenage female population.

The lifestyle and dietary habits of the Icelandic popula-
tion, including children and adolescents, appear to be sim-
ilar to those observed among other affluent industrialized
nations [38]. To that end, the mean BMI as well as the
prevalence of obesity and type 2 diabetes have markedly
increased among Icelanders over the past 30—40 years [39].
While no scientific data associate stone formation with
food intake in the Icelandic childhood population, the
sodium consumption observed in a dietary survey carried
out in Icelandic children and adolescents in the years
2002-2003, exceeded the recommended daily intake in
the majority of participants, regardless of sex [39].
Generous sodium consumption is known to increase stone
risk [40, 41], which in our study was rather moderate and
does not explain the sex difference we observed.

It is not clear what causes the dramatic increase in the in-
cidence of kidney stone disease in teenage females while
no changes were observed in younger girls or boys of any
age. One can only speculate that the combination of the
current Western diet and the teenage female hormonal mi-
lieu, including oral contraceptive use, may adversely affect
the urinary factors governing lithogenicity. In addition, dif-
ferences between the sexes in hydration and the type of
beverage consumed may also play a role and warrant fur-
ther study.

The use of CT scanning for the diagnosis of stone disease
increased markedly during the study period; this predominantly
occurred after the year 2004 when the stone incidence did not
change significantly. Therefore, the more frequent use of highly
sensitive imaging techniques such as CT does not appear to
explain the rise in incidence nor does it explain the sex differ-
ence in kidney stone incidence observed.

Although the majority of the individuals in our study
were healthy aside from the stone disease, the substantial
number of children with monogenic stone disease and oth-
er underlying medical conditions or congenital anomalies
of the kidneys and the urinary tract underscores the impor-
tance of a thorough medical evaluation of all children with
nephrolithiasis [20].

The strengths of the current study include a population-
based research design where practically all Icelandic chil-
dren and adolescents who developed their first kidney
stone during the period of the study were identified and
included. The Icelandic population is primarily White with
a genetic background reflecting the gene pool of Northern
Europeans [42], and the lifestyle and dietary habits are
comparable to other affluent industrialized nations. Thus,
we believe our data are representative for Western popula-
tions. A limitation of the study is, however, the

retrospective design. Further, even though our study in-
cluded 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 popu-
lation is rather small and our search strategy may have
missed individuals with mild or short-lived symptoms.
Moreover, incomplete data hamper our ability to draw firm
conclusions regarding metabolic stone risk factors and the
potential association of body composition with stone risk.

In conclusion, the current study showed a fourfold rise
in the incidence of symptomatic kidney stone disease in
adolescent girls in the last three decades. On the other
hand, the incidence in boys decreased significantly in the
latter part of the study period. Limited or no changes in the
sex ratio were observed in prepubertal children. The over-
all female predominance of stone disease in adolescents
and young adults in the Icelandic population may reflect
a change in the sex ratio of stone formers. The increase in
incidence observed in teenage females is poorly under-
stood and warrants further study since it may herald chang-
es in the sex ratio of kidney stone disease in adults.
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