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Background: The epidemiology of urolithia-
sis may vary in different geographical areas
in relation to various environmental factors; therefore it is
important to review the information on its prevalence and inci-
dence in different countries of the world. The aim of this study
was to conduct an updated systematic review and meta-analy-
sis on the prevalence and incidence of urinary calculi in Europe
and Latin America

Methods: Two separate searches were performed on EMBASE
and PubMed databases. The MESH terms used were “preva-
lence”, “incidence”, “epidemiology” “urinary calculi” in title or
abstract. Each separate search focused on a specific geographic
area: Europe or Latin America, which included Southern
America, Central America and the Caribbean.

Publications between January 1, 1981, and February 28, 2026
were included. We retrieved 1,234 records in PubMed and
7,140 in EMBASE for Europe and 152 records in PubMed and
963 in EMBASE for Latin America. Two independent reviewers
screened articles based on a priori protocol.

Studies reporting population-based estimates of urinary calculi
prevalence or incidence in children and adults were included.
In total, 66 and 17 studies were included in the systematic
review for Europe and Latin America, respectively. For Europe,
11 studies reported data on both prevalence and incidence, 24
on prevalence and 31 on incidence. For Latin America, 10
studies reported prevalence data and 7 studies reported inci-
dence data.

Results: Random-effects models using the Freeman-Tukey dou-
ble-arcsine transformation produced a pooled prevalence of
kidney stones in Europe of 7.2% (95% CI, 5.55% to 9.05%).
Pooled prevalence was 7.03% (95% CI, 5.14% to 9.18%) in
Southern/Mediterranean/Balkan Europe and 7.52% (95% CI,
4.50% to 11.24%) in Central/Northern Europe. Pooled preva-
lence of kidney stones for studies published before year 2000
was 7.37% (95% CI, 4.53% to 10.81%) and 7.11% (95% (I,
5.31% to 9.15%) for studies published in 2000 and later. A
meta-regression model indicated that the prevalence of kidney
stones was not detectably different in Northern compared with
Southern Europe and in study published before compared with
those published after 2000. Pooled prevalence of kidney stones
in Latin America was 6.02% (95% CI, 3.58% to 9.03%).

Study heterogeneity was deemed as “considerable” either in
studies in Europe (I = 99.86%, p < 0.0001) and Latin America
(? = 99.09%, p < 0.0001). The overadll risk of bias was low to
moderate. Incidence values are highly variable depending on

Summary

the study design and the populations studied. In 3 studies on
pediatric populations, incidence ranged between 1.8 and 6.5
cases per year per 100,000 inhabitants.

Conclusions: The prevalence values of urolithiasis were not
different across different areas of Europe and have remained
stable over the last 20 years. The prevalence of urolithiasis in
Latin America appears to be lower compared to Europe.
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INTRODUCTION

The epidemiology of urolithiasis varies greatly depending
on the geographic area where it is assessed and even with-
in the same geographic area over time. This variability is
due to dietary habits, lifestyle, and environmental condi-
tions such as average temperature and humidity levels
(1). In fact, urinary stones form because of changes in
urine composition of genetically predisposed individuals
exposed to various environmental factors. Furthermore,
epidemiological indices depend on the structure of a spe-
cific population in terms of sex and age, as the tendency
to form stones is gender- and age-dependent.

The unique characteristics of urolithiasis do not allow it
to be classified as either a chronic or acute disease.
Urolithiasis consists of a series of events (stone formation)
that can manifest as acute episodes or remain asympto-
matic. An acute episode can resolve with the passage of
the stone or its surgical removal. However, stone forma-
tion often has a recurrent pattern, resulting in the disease
persisting over time and becoming chronic.

In certain countries, surgical procedures and outpatient
services are recorded in a registry system that allows for
consideration of all possible diagnoses related to urinary
stones. In other healthcare systems, primary patient care
is entrusted to general practitioners who record all patho-
logical events of the patients they care for, including
episodes related to urinary stones.

The epidemiology of urolithiasis can be described by
prevalence and incidence values.

Prevalence values estimate the number of subjects in a
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population who have been affected -at least once- by
urolithiasis, which is, in this case, considered a chronic
disease. Prevalence is described through cross-sectional
cohort studies that investigate the presence of self-report-
ed urinary stones through interviews or questionnaires.
Some studies supplement this type of survey with sys-
tematic imaging tests to diagnose on-site urinary stones,
which may be asymptomatic.

Incidence values estimate the number of acute episodes
(described as colics or as surgical procedures) occurring
in a defined period of time (generally one year) in a pop-
ulation, as an indicator of an acute disease.

Incidence assessment is often based on recording acute
events that require hospital care for the treatment of
painful symptoms (colic) or for surgical removal of
stones. This approach may underestimate the incidence
of the disease because it does not include asymptomatic
stones, cases managed on an outpatient basis, and cases
that do not require hospitalization (spontaneous expul-
sion, watchful waiting). When the incidence is estimated
from systematic longitudinal follow-up measurements
with periodic checks over time of a cohort of subjects, the
estimated incidence values may be higher.

Data from the Global Burden of Disease Study were
recently made available, which systematically evaluated
the number of incident cases of urinary stones, the age-
standardized incidence, mortality, and disability-adjusted
life-years (DALYs) of urinary stone disease from 2000 to
2021 at the global, regional, and national levels (2-4).
The estimated values from this study are derived from
clinical informatics data, including inpatient admissions,
outpatient (including general practitioner) visits, and
health insurance claims, which are processed with statis-
tical tools that are not easily controlled and reproducible.
While representing a valuable source of information,
these data still require comparison and confirmation
using conventional and transparent statistical procedures
based on systematic reviews of published studies avail-
able in electronic databases.

A large number of descriptive studies of urinary stones
in Europe have produced mixed results. However,
surprisingly, unlike other areas of the world (5-9), to
our best knowledge European studies, describing the
frequency of the disease in its various geographical
regions (which present cultural and climatic differences),
or analyzing variations over time due to economic con-
ditions and lifestyle changes, have never been systemati-
cally reviewed.

Latin America, which broadly includes South America,
Central America, Mexico and the Caribbean, is a geo-
graphical macro-area with cultural, linguistic, and
lifestyle similarities with some Southern European coun-
tries for historical reasons and due to the massive migra-
tion flows from Europe to South America in the 19th and
early 20" centuries. The number of epidemiological stud-
ies on urolithiasis is far lower than those available in
Europe, and systematic review of urolithiasis epidemiolo-
gy is not yet available for this area.

The aim of this systematic review was to assess the preva-
lence and incidence of urolithiasis in Europe and, sec-
ondarily, in Latin America and, where possible, to per-
form pooled analyses and comparisons.

MATERIALS AND METHODS

Protocol and registration

The review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (10, 11). It was registered
on the PROSPERO platform under the number 1334962
(https://www.crd.york.ac.uk/PROSPERO/ accessed on
March 2026).

Search strategy

A database search of studies between 1981 and 2025 was
conducted in March 2026 on PubMed and EMBASE
using the MESH terms “prevalence”, “incidence”, “epidemi-
ology” “urinary calculi”.

Two separate searches were done for the countries of
Europe and the countries of Latin America. The string

used for the searches are below reported.

Search 1

(Epidemiology OR Incidence OR Prevalence) AND
(Urinary calculi) AND (Austria OR Belgium OR France
OR Germany OR Liechtenstein OR Luxembourg OR
Monaco OR Netherlands OR Switzerland OR Albania OR
Andorra OR Bosnia and Herzegovina OR Croatia OR
Greece OR Italy OR Kosovo OR Malta OR Montenegro
OR North Macedonia OR Portugal OR San Marino OR
Serbia OR Slovenia OR Spain OR Vatican City OR
Denmark OR Estonia OR Finland OR Iceland OR Ireland
OR Latvia OR Lithuania OR Norway OR Sweden OR
United Kingdom OR Belarus OR Bulgaria OR Czechia OR
Hungary OR Moldova OR Poland OR Romania OR Russia
OR Slovakia OR Ukraine).

Search 2

(Epidemiology OR Incidence OR Prevalence) AND
(Urinary calculi) AND (Argentina OR Bolivia OR Brazil
OR Chile OR Colombia OR Ecuador OR Guyana OR
Paraguay OR Peru OR Suriname OR Uruguay OR
Venezuela OR Mexico OR Belize OR Costa Rica OR EIl
Salvador OR Guatemala OR Honduras OR Nicaragua OR
Panama OR Antigua OR Barbuda OR Bahamas OR
Barbados OR Cuba OR Dominica OR Dominican
Republic OR Grenada OR Haiti OR Jamaica OR St. Kitts
OR Nevis OR St. Lucia OR St. Vincent OR the Grenadines
OR Trinidad OR Tobago)

Relevant data were also searched through other sources,
including handsearching from the reference lists of
included articles.

Types of studies
We considered studies published in the period from
January 1%, 1981 to February 28" 2026.

Inclusion criteria

Inclusion criteria were: 1) observational studies 2) reporting
incidence or prevalence in human patients diagnosed with
urinary calculi 3) papers written in English or Spanish.
Studies based on data from Global Burden of Disease
dataset, narrative reviews, systematic reviews, meta-analy-
ses, letters to the editor, clinical trials, and experimental
studies were excluded.
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Studies conducted in Turkey, whose territory is predom-
inantly located in Asia, were not included in the review.
Conversely, data from the Russian Federation were con-
sidered in relation to its territories located in Europe.

Types of subjects
Participants of both gender living in Europe or Latin
America were involved irrespective of their age or ethnicity.

Diagnosis of urinary calculi

Subjects were considered affected by urinary calculi if (i)
they self-reported a history of urinary stones or (ii) had a
documented diagnosis of urinary calculi by imaging
modalities or autoptic examination or (iii) were submit-
ted to surgical procedures for stone removal.

Outcomes
The following primary outcomes were measured: rate of
(1) prevalence or (ii) incidence of urinary calculi.

Selection of studies

A title and abstract screening to exclude documents that
did not meet the inclusion criteria was performed inde-
pendently by two authors. Full texts were downloaded to
analyze them and to extract relevant information.
Controversies were resolved by a third researcher.
Duplicate references were deleted.

Data extraction

Data extraction was conducted by two authors using a
standardized form. The following information was
obtained from each study: author(s), publication year,
study design, rate of prevalence and/or incidence, charac-
teristics of the studied population, including age and gen-
der distribution (if available).

In case of missing or insufficient information, we ana-
lyzed the issue, considering the impact of missing data on
the meta-analysis results.

Quality evaluation of methodology

Two authors independently performed the quality assess-
ment by identifying potential biases using the JBI Critical
Appraisal Checklist for Studies Reporting Prevalence Data
(12, 13). Disagreements were resolved by discussion.
High risk of bias did not influence exclusion of studies
from this systematic review. The JBI Critical Appraisal
Checklist for Studies Reporting Prevalence Data was
applied to all included studies. Each study was evaluated
across the nine standard JBI items, and scored (1 = Yes,
0 = No/Unclear/NA); an overall quality percentage was
also calculated. The nine domains were the standard JBI
items: Q1 Appropriate sampling frame, Q2 Appropriate
sampling method, Q3 Adequate sample size, Q4 Clear
description of subjects and setting, Q5 Sufficient coverage
of the sample, Q6 Valid methods for identifying the
condition, Q7 Standard, reliable measurement, Q8
Appropriate statistical analysis, Q9 Adequate response
rate or appropriate management of low response. To eval-
uate the adequacy of sample sizes for prevalence and inci-
dence studies, the standard formula n = Z2.P(1 - P)/d?
was used, assuming an expected prevalence of 15% and
incidence of 1% (1000/100,000), a 95% confidence level

(Z = 1.96), and an absolute precision of 0.3%. This yield-
ed to a required sample of approximately 545 and 4,244
individuals for prevalence and incidence, respectively. To
account for potential non response and drop outs, the
sample size was increased by 10%, resulting in a final tar-
get of approximately 600 and 4,670 participants.

Statistical analysis

Pooled prevalence estimates were evaluated for kidney
stones in Europe and Latin America. For the European
data, pooled prevalence estimates were also analyzed (i) by
geographic macro-region — Central/Northern Europe ver-
sus Southern/Mediterranean/Balkan Europe — and (ii) by
publication period, comparing studies published before
2000 (pre-2000) with those published in 2000 or later
(2000+). For each study, the number of kidney stone cases
and the total sample size were considered. Effect sizes were
calculated as arcsine-transformed proportions using the
Freeman-Tukey double-arcsine method to stabilize vari-
ance and reduce the influence of extreme proportions.
Random-effects models were fitted using Restricted
Maximum Likelihood (REML) estimation to obtain pooled
prevalence estimates for each subgroup. To assess whether
pooled prevalences differed between Northern and
Southern Europe or between Pre-2000 and 2000+ studies,
we performed meta-regression analyses including all stud-
ies in a single model, with geographic region or publication
period entered as categorical moderators. Heterogeneity
was interpreted according to Cochrane criteria as: of low
importance (12 < 40%), moderate (I> = 30-60%), substan-
tial (12 = 50-90%), or considerable (12 > 75%). Forest plots
were generated to visualize individual study estimates and
pooled effects stratified by geographic region or publica-
tion period. Pooled estimates were back-transformed to the
proportion scale to facilitate interpretation. Potential pub-
lication bias and small-study effects were evaluated using
funnel plots and Egger’s test. All analyses were performed
using the metafor package in the R statistical environment.

REsuLTS

The study selection process is depicted in the PRISMA
flowchart (Figure 1).

Search #1 found 1,234 records in PubMed and 7,140 in
EMBASE (total n = 8,374)

After reading the title (or abstract) of the 1,234 records
retrieved in PubMed and the 7,140 records retrieved in
EMBASE, 212 (80 + 132) records were selected for a full
text evaluation, which resulted in the elimination of
another 120 (46 + 74) papers for various reasons (dupli-
cates, reviews of previous works, papers reporting data
already reported in a previous paper, incomplete data,
data from the Global Burden of Diseases).

Ninety-two (34 + 58) papers were selected, which were
reduced to 56 after eliminating 36 duplicates present in
both PubMed and EMBASE. Ten additional papers
retrieved from other sources (including Google Scholar)
were added, for a total of 66 papers included in the sys-
tematic review. Finally, the review considered 66 studies, of
which 11 reported data on both prevalence and incidence
(14-24), 24 on prevalence (25-48), and 31 on incidence
(49-79).
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Figure 1.

PRISMA flowchart
depicting the study
selection process.

Records retrieved

Search #1

PubMed = 1 234+EMBASE = 7,140
Total = 8,374

Search # 2

PubMed = 152 + EMBASE = 863
Total = 1,115

.

Records screened by title
Search#i

PubMed = 80 EMBASE = 132
Other sources =10

Total = 222

Search#2

PubMed = 5§ EMBASE = 35
Other sources =5

Total = 45

Reports included after full-text
evaluation

Searchg

n=102

Search#2

n=20

Stwdies included in review # 1
n=g6
Stwdies included in review # 2
n=17

Records excluded afier full-
text evaluation

Search#

n=120

Search#2

n=25

Duplicates excluded:
Search#l

n=36

Search#2

n=3

Search #2 found 152 records in PubMed and 963 in
EMBASE (total n = 1,115).

After reading the title (or abstract), 40 reports were selected
(5 from PubMed and 35 from EMBASE), which were
reduced to 15 after reading the full text and after eliminat-
ing 25 papers which did not have sufficient data for analy-
sis or presented data from the Global Burden of Disease.
The selected reports (4 from PubMed and 11 from
EMBASE) were reduced to 12 after elimination of 3 dupli-
cates retrieved in both PubMed and EMBASE. Five addi-
tional papers retrieved from other sources (including
Google Scholar) were added, for a total of 17 papers. Ten
studies reported prevalence data, and seven studies report-
ed incidence data.

The characteristics of the studies included in the review are
shown in Table 1 (Prevalence and Incidence in Europe),
Table 2 (Prevalence in Europe), Table 3 (Incidence in

Europe), Table 4 (Prevalence in Latin America) and Table
5 (Incidence in Latin America).

Studies on prevalence in Europe

Thirty-five studies reported on prevalence in 17 European
countries (13-47). Prevalence was evaluated in Croatia (n =
2), Denmark (n = 1), Finland (n = 1), France (n = 1), Greece
(n = 1), Ieeland (n = 1), Italy (n = 10), Kosovo (n = 1),
Germany (n = 3), The Netherlands (n = 1), Poland (n = 1),
Serbia (n = 1), Spain (n = 5), Sweden (n = 2), Switzerland
(n=1), UK (n =2), and Ukraine (n = 1).

In two countries the prevalence was estimated by the
same study group in two different periods of time. In
Germany, Hesse et al. (17) showed an increase of preva-
lence from 4% in 1979 to 4.7% in 2001; in Italy,
Trinchieri et al. (16) found an increase from 5.9% in 1987
to 9% in 2001.
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Table 1.
Characteristics of included studies on both prevalence and incidence in Europe (n = 11) (14-24).
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d.0% F)

Prevalence was estimated in Croatia 3.2-5.9%, Denmark
3.8%, Finland 3.0/1.8%, France 9.8%, Greece 15%, Iceland
3.9%, ltaly 1.72-16.7%, Kosovo 2.8%, Germany 4-6.9%,
The Netherlands 8.4%, Poland 12.85%, Serbia 5.6%, Spain
2.75-16.4%, Sweden 8.23-19%, Switzerland 7.8%, UK 3.5-

3.8%, Ukraine 3.6% (Table 1 and 2) (13-47). Prevalence
data were elaborated using the Freeman-Tukey transfor-
mation. After back-transformation, random-effects mod-

els produced a pooled prevalence of kidney stones of
7.2% (95% CI, 5.55% to 9.05%).

Table 2.
Characteristics of included studies on prevalence in Europe (n = 24) (25-48).
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Table 3.
Characteristics of included studies on incidence in Europe (n = 31) (49-79).
Hat | Authoryear Couniry | Design-population incidanca Motas
41 Ahbstrand & Sweden | distnct sarved by onky one 140,700,000 147 recument stone formears.
[Esalus 19E1 nocpital Mo significant seasona vanaton
50 Lasrum THE3 BNorway generd peaciice in a3 rurd, partly 200 1 100,000 mae patents {2.7:1)
Industrigized aread of Eastem A peak stone incdence was
Moraay found in the meddie-agad
groups [ 30-60 vears)
51 Sumon 1986 Franos Mephrology out-pateent dinic of 3 | 156 x 100,000 Mo F i
hospita serving 8 population of patiants (11 men and 112
dnpout 250,000 WA )
222 patients
15E0-1 564 peak of Imodence between 30
and 39 yaars
L4 Power TSBF England | Additiona wnfoomatkon for 1580 28100000 SE/100,000 in Canterbury 1o
and fromm Hospital Activity Analyss® 21 00,000° 154100,000 in Burton-on-Trant
Waes
18
Towns
33 Rxmero Pérez 139 | Span Heath Care regeon of Manna Alta 350 casas M-F
Induding 11 heath care areas, &
centraized into cne singhe Loca B0 x100,000
Hospita
54 Hipa 1585 Spamn Hosperaization in Hana Scoha 7BS cases m Twe vears | Unocommen i chibdren
Hospital in Tudela (Mavarra) for FE.ZEBE mhamtants Freguent in aduits: 757 per
two year-panad May THBE and May thousand mensyex and 4.97
1550 510 x 100,000 par thousand womenfyear,
M 10 F 1.5
55 Alagont Perez Soan desiricis of La Seerra and Helin b6 x 100,000 MicF 12E!1
2001 [Alpacers, Sgan). Mzan age 51.34 yeas
January 1992 and Decamiper 1592 {bemodal distributeon with
BET pis paaks in the 4th and Fih
decades)
5B Albar Arragui 2004 | Span epbdameniogy of the diseass i tha | 350 = 100,000 M=F
Area W of Faragoza
ar Edvardsson S5 boelamd All chikdren kess-than T8 years 5.6 X1 00,000 15 femdes, 11T maes
bcafand < 18 yrs Fai
T555-2000 6.3 ® 100,000
£b patents < 16 yrs
S8 Trnghberi 2006 fay Lecco Hospitd 158 % 100,000 MioF 2159
4455 visls were registered
33 Turmey Z07L LB Data from the Hospital Epesods B3,050 i 2010
Statistics (HES) i LK
=] Edvardsson 2013 hcetand Computenzed dacabasas of J 108 £100,000 1995-89 | From 130 1o 140 par 100,000 M
major hospitals and medeca mmagang | 136 x100,000 200506 | From 73 to 91 per 100,000 F
canters M=F
5545 inodent patients aduits
Bl MikpEayie F014 Crpatia DOata from pediatns mstituthons 6.5/ 100,000 chitdren < | 41 Mand 35 F [rato 1.77:1)
The country 1B yaars.
maan 3ge At deagnocis was 5.7
[range 0.B-15)
B2 furmay 20714 T3 Onford anm of the European 51,336 particpants
Prospactive INvesTEtion nto
Cancer and Nutntion using data 303 particpants
from Hospetal Epesode Statistecs in | attended hospital with
Engiand and Scottish Morbidity anew kdney stone
Resonds
g3 MNazn 2015 Kosove Hospital admisson 1o the 203 admistions * Kosovo mhaetants
Univarsity Oinical Centar of Kosova [1 BO0 000
1RESTOD000
{estemated)”
o Hears 2016 LB Hospita Epssode Statistics [HES) Totd n* stone hospitad
England episodes
B3 050 in 2008-2070
BE r42 i 20142015
b5 Wi Raghalagh L Hospita Episode Statkstics [HES) 110 % 100,000 wath prevaence in men and
2016 Engtand | Hedith and Socid Care Information | i 200304 women inorezsng from 15 and
Centre [H5DC) B per 10000 10 21 & 11 per
Ted x 100,000 10000 respectively
n 2013714
b Rukn 20717 Engang Hospita Epiesnde STAresTics [HES) H53.034
onlne Jdara. I 2013 50T 4

S006/ 2007 and 201 378014
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B Leone 2017 Spain Seguimiento Universidad de 735 new cases during a
Mavara Follow-up (SUN) Project. follow up of 9.6 years
5,054 sunjecis
BE Edwvardsson 2018 foatand Computenzed databases of ai ABS 100,000 (M) 1eenage famaes
major hospitals and medical imageng | 52/100,000 (F) 3.7/ 100)000 1965-156%
centers 110/ 100,000 19552004
S-year intervas T9%5-2013 B.F/100,000 2010-2013
ratkokogic and surgical procedurse
codes sublects aged < 18 years
e Omarcwva 2018 Husms Mnistry of Hedth of the Republic 12143 cases Dagestan popalaton
Dagestan | of Dagestan 2950000
SUD0-2016 ntipsypopulation.giy/
Fjt) Robinzon 2020 LB tertiany nephro-urclogy centres in | 1.75/100,000 person- MF 1231
Gregter Manchester years
PUE-T5
pEdiatris uroiitniass
i Handma 2020 tay “OOMEGEN ™ genara practitboners 516 cases of stone dbopathic osteoporosis
cooperative i Mapies, Southem fosmation dunng a ncreased sk of modent
Ialy. follow up of 19.5 nephnolithiasis
12165 woman = 40 yrs with months
BIRLALNEC 05t e DOONoEEs
e Littiajohns 2020 LI LI, Bioinank FU57 had nospita Raduced msk of stone
438 OF ¢ partbopants admeszeon tor stone foamation by hegher intake of
during a 6.1 yrof toidl fiukd (spacficaly tea,
Tollow-up coffee, and acohol but not
waTer), and consumption of
Truit and foods high n fibra
Particpants who developed an
Inodant kedney stone were
shghthy oider, were mone ikely
1o e mahe
3 Gadzhiey 021 Hussa [rata froen tihe Mnistry of Hedth' 656,571 and BES EST
of the Russian Federation urolitheasic cases wers
ooseryed i 2005 and
20149
176,773 2005,
05414 0 £015
T4 O'Connell 2021 trafand Hiospita in-Patient Enguiry {HIFE) T4BT4 44420 [ 6E%) males
SySTEm admissions related 1o
Centra Statestics Otfice (C50 urchitheasis 25454 [ 34%) temaes
2005 1o 2018, £005 345.715100,000 for maes aged
T02.1/7100,000 M 4>-b4 years
43,6/ 100,000 F
2018
1E4.5/ 100,000 M
T00.24100,000 F
73 Jowir AUEL 1L Hospital Episode STATISTCE BB F4£ @ 2014-8075 LB Dot bon
database 2014
BB B3Z in 20152080 B4 BB2.5TE
201 5-2020 2020
annud prevaence states | 67,351,867
at .1 4% ‘wraew population pyramed nets
b Saenz-Medinag £0£3 | Span iU basc data set (MEDE) 106407F hospitaizations | SEEMH M
supporied oy the Health and SE.F x 100,000
Socidl Services Maistry of the inhabitants
Spanish Gowvamment.
071 =200
T Moczeniar 2024 Poland 214063 BHE 4 nospita M1ioF
adimesshons for urchogical | M 59.2%
diseases per 100000
Maan age
£1.6% tor unnary caloull | 544 yrs
{kdney and uretarsd
Stoes, kwer unnary
tract stone, unspecfiad
rana colic)
B Pedersan F025 Denmark | 10 0%4 mae Danish frefighters 12¢ cases [tull-tema) 2¢T stone episodes in 3 penod

{3455 full-time + BE35 part-
timasvoluntear)

Diagnoss of dney diseass  wers
retneved from the Danish Naticnd
Patient Hegisiry 1554 1o 2014

115 cazas {part-ima)

Standandized inodence
Hatio

1.36 {1.13 - 1.63)
086 (080 1o 1.16)

of 20 years in 10,0594 subjects
that s abut 11 50000,000
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Fip | Ihang 2025 L Oata from 266 047 partiopants o IZ58 parthopants magnesum kevels in waier can
the LK Biobank with no pror [1.14%) daveloped dacreasa dney stone nsk
nistory of kidnay stones from mdney stones
2006 1o 2024 water hardness, caloum

ooncentration, and caloum

Caonate CoMCENTIAtn have

no significant mpact on the

formation of kdney stones
Table 4.

Characteristics of included studies on prevalence of urinary calculi in Latin America (including South America,
Central America and Caribbean) (n = 9) (80-89).

Haf Author, year | Coumiry Population Prayvalanca Mole
B0 Madina- Ma o Yucatan 15996 Defined diagnosks of Famby history of
Escobedn Twyear rend stones uroithiass was positive n
15496 From a totd of 5 B32 questinnares, i3z M 4%
i81F
217o M 323 T
656 F S
Frobabie diagnosis
bb M
£1B F
EBE T
453
B1 Plata 1556 Bolivia First Uenical and Epkdemiclogical Program | 1.3% 1.3%
of Rend Dhsaasas from rural and [9of 7O1) (3 of #01)
metropoitan areas in Gohvia,
{educaticnal campagn i three selected
areas of Bolvia)
14082 aoparantly hegthy subjects
10718 patkents salectad by unne dig-
STHCH @ NETHnaL0n
B5%6 confimmead {MN=701)
B Hayes Cula La Havana iB Caucasians [ 1.59%6)
Habana S002 MN=1504 2.58% M [3.2%)
B3 Hayes 2002 Cula area de saud urbana de fa Cudad de La | 4.64% (D 4.63- 4,65%)
Haoana
sampée selacted from a population of
159.536
Dy TWo-stage protanistic and
aquiprobable sampling [(confidence
55%)
M=1400
B4 Findull 2006 | Argentina | Probabdstic Eampie was Tota MAF 11T
designed with data provided by the T 5.14%
institute Maoonal de Estads” stica y Aduft > 19
Censo, MOEC (Matkonal fnstiuta for M 558 (O 141-B.55%)
Statistics and Census, INDEC) F 4459 (T £61-6.3%)
Auto administered guestionnare
tranad voluntasr
yaar 1938
M=10B6
B Bacaiao Culba Subjacts atrending three dinics of Plaza | 148 BE M
Méndez 202¢ de 3 Ravolithon Teaching Community 4 5 M B.3%
Chnec F 59
Havana provinoe
Srpde random sampéng from a
popaiation of 10097 subjecs
[ ]
B& Dej Hed ik Félix Buines Carda Hospitd, Santiago, T44 ToF [52.1%) b9 M [47.5%4)
203 iChike, petween 20149 and 2020. F 1M (95%0 10.2 -
T443 (950 123 - 15.8)
1001 randomiy selected patkents with 16.7) M 1B.7% (95360 13.2 -
TC 20.6)
>0 yrs
age 5686 years (50 155).
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BT Parsaud Tranndad onine survay |Survey Monkey | 205 ITioFE: OTETION East Indian
2084 and Links 10 the survey were distnbuted TB.74% Fnoestry
Tobago oniing, in non-hegth-relatad
CHTETMNITES, and i numerous chat
groups representative of the
Trinidadean popuiaton
M =1225 sibjacts [46.5% M 53.596 F)
BE NosoEmento Braxi Tertiary hospita 132 45% M
£ Jan 2027 1o Dec 2022 23 F
gbectronsc medica recoeds inpatlents b
umdersant abdomena CT scans {except
Urobodpy wand)
N=183r
BS Basuito- Maxbon EMSANUT 2B Highest prevaence
Martinaz probabdistic household vaidated survey | 3.328% Yucatan [F.28%)
2085 —stratified and custensd, amed at eath Maxion Oty
of the 32 fedard entities in Masico [ B.15%4)
M=43,0r0 patsopants
Pag age-provaenos was
S0-10 yaars (- 5%)
Table 5.

Characteristics of included studies on incidence of urinary calculi in Latin America (including South America,
Central America and Caribbean) (n = 7) (90-96).

Aef | Autheryear | Country Population Inoidence MNotas
B9 | Orta-Siou Venszuala | 14 canters % diagnosed wath Vanezueia Fopulation < 1B yrs
f002 Year 795 urodtheass 10,762,520 [Fopulation Fyramidnet)
64 chikdren
Approamately
2.5 par 100000
50 | Mora Costa 4 hospitals i the Costa approoumately 6000 cases | Costa Rica population
Alvan Hica= Rican Sood Secunty Systam. | Deryesr 4,00B,946-4,1 38 764
200r fear 2001-3 [Foputation Fyramednet)
170 casas par 100,000
41 Korkes Branl Brasifian Pulblc Health Tota admisshon 45550 M
2012 Lystem Datangsa BE035/ 150,73 millkons = 019
36,52/ 100000
Year 2010 Maorth
0.61% of hospitaizations 30074156 milkons = £3.46100000
B at the SUS dunng £010 MorthEast
Instituto Brastern de 135%0/53.0F millions = 256100000
Geografia @ Estatistica (IBGE). | Higher i aneas with Central West
fraziltan population i 2010 QrEAlesl SO0 DoINTIC BES5S 14260 mions = G071 00530
1B, 1L, 13 mharants devebnpment SoUTheast
[ 76 recanyed hedih cans 312664 BO.3 milkons = 38.5/700,000
exdusively through the SUS) South
{appronrmataly 130 mullkon ) 116214 2730 mil = 43,3/ 100,000
¢ | Sbva #01b | Beant visits for urolithiasis in tha 1807 vesits 52394 F
35 mumicipaiites of the Mala 30070100000
Faraioa Valley [Detween Hio 31.rA100,00 Famaie 328/ 100,000
de laneirn and 580 Pauko)
Approsmarely
3.3 millkon inhabitants
k] ADreu Branl 2010-2015, databasa Brazlan | B,11% admessons in M 4B.2%
Jumior 2020 Mnistry of Hegth tropecd oties F 5169
DATASLS 4+ 388 admissons in trogecal Otees
suiptropical OIS
X190 M
T.659E,bbU 47.5%F
tropica subtropical oiies
2,233 6E0
suintropecal MioF
05
E434 £ 20534 TropeCcaE trogeca
B4.3 £ 436 1.1
sulptropecs subtropical
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= SOLAMD Dodoeminea Indeyedual Haath Sarvice 1,636,661 unohthiass- MeF 2.5 vs 2654
2025 Provision Aecords (RIPS), relgted encounters owver Cobosminéa population 2070-2024
E010-2024, 15 years 44 FT7 3B
2504100000 o£ BEB, 264
| o Eaton
Fyramidnet)
85 | Casanowa ke 2020-24 Departamento de 25,104 cases 55.4% M
Fardo 20£5 Estadistica e informacidn de Chibe popailateon
Saud v ef Instiiuto Madona | 3609700000 S020-2034
d8 Estadistkca 19370624
148,Eed, 771
[ o kation
Pyramednet)

Prevalence data of European studies compared

by geographical macro-region

A total of 21 studies from Southern/Mediterranean/ Balkan
Europe (hereafter ‘Southern Europe’) and 14 studies from
Central/Northern Europe (hereafter ‘Northern Europe’)
were included in this analysis. Random-effects models
using the Freeman-Tukey double-arcsine transformation
produced a pooled prevalence of kidney stones of 7.03%
(95% CI, 5.14% t0 9.18%) for Southern Europe and 7.52%
(95% CI, 4.50% to 11.24%) for Northern Europe after
back-transformation to the proportion scale. The overall
prevalence assessed by pooling all European studies was
7.20% (95% CI, 5.55% to 9.05%). Individual study esti-
mates of kidney stone prevalence varied substantially.
Between-study heterogeneity was deemed as “considerable”
either globally (I = 99.86%, p < 0.0001) or within each
macro-region (Northern Europe: 12 = 99.85%, p < 0.0001,
Southern Europe: 12 =99.79%, p < 0.0001).To formally
assess regional differences within Europe, studies were
combined in a meta-regression model with the geographic
macro-region as a moderator. The region coefficient was
negative (-0.0082) and statistically non-significant (p =
0.8187), indicating that the prevalence of kidney stones
was not detectably different in Northern compared with
Southern Europe. A forest plot visually illustrates the dis-
tribution of study-level estimates and the pooled effects for
each region (Figure 2). Publication bias assessed with the
Egger's test showed significant funnel plot asymmetry
(Supplementary Materials Figure 1) when all European
studies were considered (p = 0.0373), but non-significant
asymmetry was found when studies were divided by
macro-region (Northern Europe, p = 0.6673; Southern
Europe, p = 0.1222).

Prevalence data of European studies compared

by study time (pre-2000 vs 2000 and later)

All studies performed in Europe were separated accord-
ing to the publication date. A total of 17 studies pub-
lished before year 2000 (pre-2000) and 18 studies pub-
lished in year 2000 and later (2000+) were included in
the analysis.

Prevalence data were elaborated using the Freeman-Tukey
transformation. After back-transformation, random-effects
models produced a pooled prevalence of kidney stones of
7.37% (95% CI, 4.53% to 10.81%) for studies published
before year 2000, and 7.11% (95% CI, 5.31% to 9.15%)
for studies published in 2000 and later (Figure 3).
Individual study estimates of kidney stone prevalence
varied substantially within each period. Between-study

heterogeneity was deemed as “considerable” either for the
global data pool (I? = 99.86%, p < 0.0001) or in both
subgroups (Pre-2000, I? = 99.79%, p < 0.0001; 2000+, 1?
=99.81%, p < 0.0001).

When studies were combined in a meta-regression model
with year 2000 as a moderator, the regression coefficient
was negative (-0.0038) and statistically non-significant
(p = 0.8187), indicating that the prevalence of kidney
stones was not detectably different depending on the
study publication date. A forest plot shows the distribu-
tion of study-level estimates and the pooled effects for
each period considered (Figure 3).

Publication bias assessed with the Egger’s test indicates
significant funnel plot asymmetry for studies published
before year 2000 (p = 0.004), but non-significant (or bor-
derline-significant) asymmetry is found for studies pub-
lished from year 2000 (p = 0.052) (Supplementary
Materials Figure 1).

Sensitivity analysis

As the prevalence of kidney stones in Ukraine (36%; 95%
CI, 27% to 46%) was a major outlier, we performed sen-
sitivity analysis by excluding the Kurennaia 1992 study.
The overall prevalence assessed by pooling all European
studies (Ukraine excluded) was 6.75% (95% CI, 5.34%
10 8.30%; 12 = 99.82; p < 0.0001). Metanalysis performed
according to macro-regions resulted in a pooled preva-
lence equal to 6.31% (95% CI, 4.30% to 8.68%; 12,
99.71; p < 0.0001) for Northern Europe. The meta-
regression coefficient was 0.0147. (P = 0.6392), showing
that the difference between macro-regions remained non-
significant. Exclusion of the 1992 Ukrainian study from
metanalysis between studies performed before 2000 or in
2000 and beyond, resulted in a pooled prevalence equal
to 6.36% (95% CI, 4.23% to 8.87%; 12, 99.71; p <
0.0001) for studies performed before year 2000. The
meta-regression coefficient was 0.0751 (p = 0.6146).

Studies on incidence in Europe

Forty-two studies reported on incidence in 15 European
countries. Incidence was evaluated in children in Croatia
(n=1), Iceland (n = 2), and UK (n = 1). In adults it was
evaluated in Denmark (n = 1), France (n = 1), Germany
(n = 3),Greece (n = 1),Kosovo (n = 1), Iceland (n = 2),
Ireland (n = 1), Italy (n = 4), Norway (n = 1),Poland (n =
1), Russia (n = 2), Spain (n = 7), Sweden (n =
3),Switzerland (n = 1), UK (n = 9),

Incidence in pediatric series in Iceland in 2006 was 5.6 and
6.3 per 100,000 children less than 18 and 16 years of age
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. Figure 2.
Study Fropostion [05% C1} Forest plot of kidney stone
- prevalence in Europe, divided by
Spain (Arias Vega 201T) : = 0.15 [0.14. 0.16] macro-regions.
Epain (Cano Castineira 2015} 1 g 0.18 [0.15, 0.18]
Spain (Grases 1804) i b=t 0.14[0.93.0.19 Forest plot showing prevalence
Spain (Rosaud 1283) i M 0.04 [0.02, 0.05] estimates (rounded to the second
Spain (Tomes Ramirez 1284) S8 0.03 [0.02, 0.03] decimal) extracted from population-
Serba [Jovie 2018) oW 0.08 [0.05, 0.04] based studies across European
Kosovo|Stasevic 2010) :.-1 0,03 [0.02, 0.05] countries. Individual study
ftaly [Doleni 2024) o 0.03 [0.03, 0.03] prevalences (proportions) are
taly (Preziosa 2014) ‘'m 0.04 [0.04, 0.04] displayed as squares with 95%
Raly (Croppi 2012} : - 0,08 [0.08, 0.09] confidence intervals, weighted by
ftaly (Trinchier 2000) i 0,08 [0.07, 0.12) inverse variance. A random-effects
faly (Cappoccis 1899) : foiad 0.10 [0.08, 0.13] model using the Freema.n—Tukey
maly (Serio 1998 iy 0.92 [0.02. 0.02] transformation was applied, and all
Raly (Cirillo 1094} : 0,03 [0.03, 0.04] values shown are back-transformed
haly (Borghi 1290) I 0.06 [0.05, 0,07] to. the original proportion scale.
; Diamonds represent the pooled
faly (Cappuccio 1890 i 0.16 [0.14, 0.19]
naly (Coppi 1687) o 0.08 [0.05, 0.07] prevalenf:es fO{’ _Northem/central
Grosos {5 u 2008) o 0.1 (0.2, 0.16] Europe (North. in the plot) and
Southern/Mediterranean,/Balkan
Franos (Hercherg 1999) H 0.10 [0.00. 0.19) Europe (‘South’ in the plot) macro-
Cioatia (Rudan 2003) 0.93 [0.03. 0.04] regions, derived from separate
Croatin: (Tucak 2000) e 0.06 [0.04, 0.08] random-effects models, spanning
Uknine (Kurennaia 1092) e 0.38 [0.27, 048] between their 95% confidence
UK (Scatt 1867) 0.03 [0.02, 0.04] interval boundaries.
U (Roberisan 1983) " .04 [0.03, 0.04)
Switzerland (St 202€) Fad 0.08 [0.06, 0.00]
Bweden (Thomas 2013} ] 0.08 [0.08, 0,08
Sweden (Ljunghail 186T) = 018 017, 0.21]
Poland (Szymanski 2025} - 013092 0.13]
Matheilands (Van der Pal 2019) Ll 0.08 |0.08, 0,08]
ieeland (Indridasen 2008) iy 0.04 [0.04, 0.04]
Garmany (Hesse 2003 i W 0,08 [0.04, 0,08]
Gammany (Vahlinsieck 1082) L 0.04 [0.04. 0.04]
Gaimany (Tschope 1881) L] 0.07 [0.08, 0.07]
Finland [Hikkita 1988 0.02 [0.02. 0.03]
Dok [Seoller 2010 L] 0.0 [0.03, 0.04
Pooled South - 0.07 [0.05, 0.08]
Pooled North - 0.08 [0.04 0.11)
| I | I | |
o B | 02 0.3 [E ] 0E
Pravalenca of hidnay stonss

with variation of rate along time being 3.7/100,000 in
1985-1989,11.0/100,000 in 1995-2004 and 8.7/100,000
in 2010-2013; in Croatia incidence was 6.5/100,000 chil-
dren under 18 years and in UK 1.77/100,000 person-years
(57,61, 70).

The annual incidence rates expressed as the number of
cases per 100,000 inhabitants and calculated based on the
data from the retrieved studies varied greatly between dif-
ferent countries and between studies conducted in the same
country: Denmark 55.5, France 15.6, Germany 540-1470,
Greece 2843, Kosovo 16.8, Iceland 138-562 (M) 108-197
(F), Ireland 99, Italy 158-2614, Norway 200, Poland 127,
Russian Federation 23.8-205, Spain 56.7-1255, Sweden
140-500, Switzerland 1445, UK 28-175 (49-79).

These large differences do not reflect the real geographi-

cal differences related to lifestyle and climate but are evi-
dently a result of the broad differences in study design
and the specificity of some populations under examina-
tion. For this reason, only a narrative review of these inci-
dence results is possible, as they cannot be quantitatively
compared due to methodological differences.

Nine studies have been conducted in the United Kingdom
(UK) in the general population. Most of these studies
evaluated the number of annual hospitalizations for
urolithiasis-related diagnoses over various time periods.
The initial data, dating back to 1980, are based on hospi-
tal case registers, including outpatients and inpatients,
and from Hospital Activity Analysis (52). These yielded
an annual registration rate (22/100,000 population),
which appears to underestimate the incidence of the dis-
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Figure 3.

Forest plot of kidney stone
prevalence assessed before year
2000 or in year 2000 and later.

Forest plot showing prevalence
estimates (rounded to the second
decimal) extracted from population-
based studies across European
countries. The first author of the
study and the publication year for
each individual study are listed.
Individual study prevalences
(proportions) are displayed as
squares with 95% confidence
intervals, weighted by inverse
variance. A random-effects model
using the Freeman-Tukey
transformation was applied, and all
values shown are back-transformed
to the original proportion scale.
Diamonds represent the pooled
prevalences for studies published
before year 2000 (‘Pre-2000’ in the
plot) and for studies published in
year 2000 and later (‘2000+’ in
the plot). Pooled prevalence data,
spanning between their 95%
confidence interval boundaries, are

derived from separate random-
effects models.

Study Proportion [85% C1]
Jovic2018 W 0,06 [0.05, 0,06]
Siasevic2D10 | 0.03 [0.D02, 0.05]
Fii g 2003 M 0.0 [0.03, 0.04]
Tucal 2000 e 0,06 |0.04, 0,08]
Dalcini2 024 ] 0.03 [0.03, 0.03]
AnpsvVena2l1T ) 05 014, 0.16]
CanoCastneiradi 15 o] 0.16 [0.15;, 0.18]
FProzioso2014 [ | 0.0 0,08, D,04]
Croppl2012 - 0.0 [0.08, 0.03]
Stamalicu2Da —l 05092, 0.19])
Trinchieri2:000 ] 0.08 [0.07, 0.12)
Cappucciol 588 — 0.10 [0.08, 0.13]
Haroberg 12688 ] 010 0.0, 010
Serio1 988 [] 0.02 |0.02, 0.02])
Grases| oo i 0.14 0,13, 0.16]
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ease. The introduction of electronic registers allowed a
more accurate assessment of the incidence, which has
been estimated by Hospital Episode Statistics (HES) as
increasing from 110/100,000 in 2003-4 to 160/100,000
in 2013-14, before stabilizing at around 140/100,000 in
subsequent years (59, 64, 85, 66, 75) The total number
of cases was reported as 83,050 in 2009-10, 93,039 in
2013-14, and 88,632 in 2019-20.

Another statistical approach in UK has been to consider the
incidence of stone disease in a cohort under observation for
other purposes. Turney et al. (63) considered the 51,336
participants in the Oxford arm of the European Prospective
Investigation into Cancer and Nutrition, using data from
Hospital Episode Statistics in England and Scottish
Morbidity Records to demonstrate that in the cohort, 303
participants attended hospital with a new kidney stone
episode during the follow-up period. A similar design was
adopted by Littlejohns et al. (72), who considered the
439,072 participants in the UK Biobank study who had
2,057 hospital admissions for urinary stones during a 6.1-
year follow-up. Zhang et al. (79) used the same dataset at a
longer interval of follow up. The incidence values that can

be calculated based on these numbers are lower (< 100 per
100,000) than those derived from previous statistics.

In Spain (53-56), estimated incidence values derived from
studies conducted in hospitals that collected patients from
well-defined geographical areas produced fairly homoge-
neous incidence values ranging from 250 to 510/100,000.
Conversely, the study by Sdenz-Medina et al. (76), which
relied on the minimum basic dataset (MBDS), supported by
the Health and Social Services Ministry of the Spanish
Government, estimated significantly a lower incidence
value (56.7 per 100,000).

Furthermore, studies based on the follow-up of popula-
tions in Spain (22.67), intercepted a higher number of
stone episodes, leading to a much higher estimates of the
annual incidence of 500-1,200/100,000.

A very low incidence rate of 15,6 per 100,000 have been
described in France in a study based on a small series of
patients referred to an outpatient stone clinic of a hospi-
tal serving a population of approximately 250,000, which
may not have identified all patients with stones (51). In
Kosovo (63) and in a Caucasian republic of the Russian
Federation (69), low incidence rates of urolithiasis (< 30
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per 100,000) can be estimated on local or government
records of urolithiasis-related admissions.

In Sweden (16,23), incidence values have ranged
between 140 and 500/100,000, based on two specific
studies assessing the incidence of stone formation and a
larger study assessing the effects of cadmium exposure.
In Italy, the incidence of kidney stones has been estimated
at homogeneous values (158-400/100,000) in three studies
(17, 21 ,58), while much higher values were reported by
Rendina et al. (71), who studied a selected population of
women > 40 years with idiopathic osteoporosis.

In Germany, relatively high incidence values were
described in two studies (620 and 540/100,000) (14, 15)
and significantly higher in a third study, at 1470/100,000
(18). All these studies were based on the follow-up of rel-
atively large cohorts of subjects (7,000-10,000 subjects).
Two studies in Iceland relied on a search of computerized
databases of all major hospitals and medical imaging cen-
ters in Reykjavik and in Iceland to identify radiologic and
surgical procedure codes indicative of kidney stones (20,
60). The estimated incidence values were 562/197 and
138/108, respectively.

A relatively low incidence rate can be estimated in a pop-
ulation of firefighters in Denmark (around 115x100,000)
(78) and slightly higher rates have been observed in
Norway (200x100,000), Ireland (184.5x100.000 in M
and100.2 in F), Russia (205.4x100,000) and Poland (150
x 100,000) (59, 73, 74, 77).

Finally, higher rates have been reported in Switzerland
(24) and Greece (19). Both studies estimated incidence
directly through population follow-up. The Swiss study
found 49 new cases out of 1128 and the Greek study 12
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new cases out of 422 that means incidence rates of
4,343x100,000 and 2843x100,000 respectively.

Studies on prevalence in Latin America

Ten studies (79-88) reported data on the prevalence of
urolithiasis in Latin America: two in Mexico (80,89),
three in Cuba (82,83,85), and one each in Argentina (82),
Bolivia (81), Brazil (88), Chile (86), and Trinidad and
Tobago (87). Prevalence values ranged between 1.3% and
16.74%. The study with the lowest prevalence of 1.3%
was conducted in Bolivia (81), as part of a population-
based educational study that selected apparently healthy,
asymptomatic subjects with abnormal urinalysis and uri-
nary sediment findings. Only 700 subjects were included
in the final evaluation. The highest values were observed
in Trinidad and Tobago (87), where a prevalence of
16.74% was estimated. This may be an overestimation
because the study was based on an e-mailed question-
naire, which may have aroused greater interest in
responding in subjects with stones. A study conducted in
Chile (86) reported a prevalence of 14.4%, estimated by
the detection of stones in a series of patients undergoing
CT scans, which may be biased by inclusion of patients
undergoing the scan for stone-related symptoms. A simi-
lar study in Brazil (88) showed a 6.8% prevalence of
stones in a series of patients undergoing CT scans after
exclusion of patients referred by urology ward.

Other studies demonstrated a prevalence ranging from
2.52% to 5.5%, with slightly higher values in men, white
subjects and subjects > 50 years of age.

Random-effects models using the Freeman-Tukey transfor-
mation produced a pooled prevalence of kidney stones of
6.02% (95% ClI, 3.58% to 9.03%) (Figure 4). Between-
study heterogeneity was deemed as “considerable” (12 =
99.09%, p < 0.0001). Publication bias assessed with the
Egger’s test does not indicate the presence of significant
asymmetry (p = 0.32).

Studies on incidence in Latin America

The incidence was assessed in seven studies (89-95). One
study was limited to the pediatric population with an esti-
mated incidence of 2.3 cases/year/100,000 inhabitants
(89). The other studies reported incidence values ranging
from 31 to 250 cases/year/100,000.

The variability depends on the different methodologies
used and the socioeconomic and climatic characteristics
of the different areas in which the study was conducted.

Figure 4.
Forest plot of kidney stone prevalence in Latin American
countries.

Forest plot showing prevalence estimates (rounded to the
second decimal) extracted from population-based studies across
countries from Southern America and the Caribbeans.

Individual study prevalences (proportions) are displayed as
squares with 95% confidence intervals, weighted by inverse
variance. All values shown are back-transformed from Freeman-
Tukey transformation to the original proportion scale.

Diamonds represent the pooled prevalence spanning between
its 95% confidence interval boundaries.
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M to F ratio

In the vast majority of studies in Europe, prevalence and
incidence rates have been higher in men than in women,
although the male-to-female ratio has decreased from val-
ues of 2.7:1 in the 1980s (50) to values closer or equal to
1:1 in more recent years (43).

Incidence rates of urolithiasis have been shown to be
slightly higher in females in Brazil (91, 92), particularly in
subtropical regions (93), while the males still had higher
rates in the subtropical regions of Brazil, in Colombia
(94), and in Chile (95). Prevalence has also been shown
to be slightly higher in females in Brazil (88) Mexico (80,
89) and Trinidad and Tobago (87) while it was higher in
males in other countries as Cuba (82, 83, 85), Argentina
(84), and Chile (86).

Quality assessment

Each study was evaluated across the nine JBI domains, with
scoring item-by-item and an overall quality percentage.
Supplementary tables present the full JBI appraisal matrix
for 35 prevalence and 42 incidence studies (11 studies
assessed both prevalence and incidence and were scored
two times) in Europe and for 10 prevalence and 7 inci-
dence studies in Latin America.

The tables show for each of the 84 studies: item by item
scoring (Y/N), a total JBI score (0-9) and a rounded per-
centage score.

For the 35 prevalence studies in Europe (11 studies eval-
uating both prevalence and incidence + 24 evaluating
prevalence alone): 10 studies scored 9/9, 18 studies 8/9,
6 studies 7/9 and one study 5/9.

For the 42 incidence studies in Europe (11 studies evalu-
ating both prevalence and incidence, 31 evaluating inci-
dence alone): 10 studies scored 9/9, 18 studies 8/9, 6
studies 7/9 and 1 study 5/9.

For the 10 prevalence studies in Latin America 4 studies
scored 9/9, 4 studies 8/9, one study scored 7/9 ed one 6/9.
For the 7 incidence studies 4 scored 9/9 and 3 scored 8/9.
Lower scores were mainly due to issues in sampling
methods and sample size justification. Most studies
scored between 7 and 9 out of 9, indicating generally
good methodological quality.

DiscussioN

Historical notes

The presence of stones in the urinary tract has been
known since ancient times. Ancient Greek and Roman
physicians described the symptoms of urinary lithiasis in
the lower and upper urinary tracts. Surgery for bladder
stones has been described since then, and the technique
of lithotomy with the related dedicated instruments was
widespread between the XVI and XVIII centuries in
numerous European countries.

In the first half of the XIX century, bladder lithotomy was
one of the most performed surgical procedures in hospi-
tals in England (97) and throughout the rest of Europe
(98). In fact, at that time, primary bladder stones (not
associated with stasis and bladder neck obstruction) were
relatively common in adults and children. Stones were
composed of 50% of ammonium urate, which formed the

core of the stone, while the remaining part was calcium
oxalate. Between 1829 and 1830, Yelloly (99) collected
the first epidemiological data on the incidence of hospi-
talizations for urolithiasis in Great Britain reporting an
overall incidence in Great Britain of 1 case per 100,000
inhabitants per year, lower rates in Scotland and Ireland,
with a higher incidence in rural districts. The incidence of
bladder stones gradually declined because of improved
socioeconomic conditions and the development of
healthcare, although it was still described in some areas of
Europe in the first half of the XX century. At the same
time, an increase in the incidence of upper urinary tract
stones began to be described in some northern European
countries as a consequence of increased food intake and
change of lifestyle. These stones manifested with painful
colic symptoms followed by stone passage. The introduc-
tion of radiological diagnostics allowed for easier and
more frequent diagnosis of upper urinary tract stones.
The phenomenon gradually became increasingly impor-
tant, so much so that it was referred to as the "stone wave."
In the Oslo population the annual incidence of sympto-
matic renal stones in the population rose from 118
cases/year per 100,000 in 1940 to 300 cases/year in 1960
(100) and similar observations were made in other
Scandinavian countries such as Sweden (101) and
Finland (102), and subsequently in many other Western
European countries (103).

Historical data on the epidemiology of urolithiasis in
Latin America are much scarcer, although some reports
suggest a trend similar to that observed in Europe with a
time lag of a few decades. In 1944, Davalos (104) report-
ed having learned during his stay in Ecuador that bladder
stones had been more frequent forty years earlier, at the
beginning of the twentieth century, but that they had
subsequently progressively decreased in association with
an increase in stones of the upper urinary tract that had
previously been very rare. Judd and Meyers (105) report
the statistics of the Chief Health Officer of the Panama
Canal, who showed a relatively high incidence of urinary
stones in 1942 of 181.8 cases/year/100,000.

Over the past 50 years, several epidemiological studies
have been conducted to evaluate the prevalence and inci-
dence of urinary stones in both Europe and Latin America.

Prevalence of urolithiasis in Europe

Numerous studies evaluated the prevalence of urolithiasis
in cohorts of subjects residing in European countries.
These studies vary in design, making comparisons some-
what difficult. Most studies are based on interviews (in
person or by telephone) with participants recruited using
various criteria. Some studies have investigated entire
populations residing in a defined geographic area (village,
city, county, island, town). Other studies have randomly
selected a cohort representative of a larger population
(town, country). Other studies have involved GPs who
evaluated the entire cohort of patients they care for. Some
studies have evaluated workers within a company or a
public service who undergo periodic health checks.
Finally, other studies have evaluated cohorts of subjects
already under study with longitudinal follow-ups for
other purposes (cancer incidence, effect of vitamin pro-
phylaxis, twin studies). The sample size varies greatly, but
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only in a few cases it was below the minimum estimate
required to calculate prevalence/incidence.

Some studies had shown that the prevalence of urolithia-
sis was still increasing in Central and Southern European
countries (16, 17) between the early 1980s and the late
1990s as a consequence of changing lifestyle.

This trend, however, appears to have slowed over the last
20 years. In fact, pooled prevalence did not vary between
studies conducted between 1981 and 2000 and those
conducted after 2000. On the other hand, regional varia-
tions also appear to have diminished because of the
homogenization of economic conditions and lifestyles
across European countries, also as a result of the unifica-
tion processes of the European Union.

Across the included studies, we observed high hetero-
geneity in reported kidney stone prevalence, with (I?) val-
ues approaching 100%. This indicates that the variance
between studies is a dominant factor, likely reflecting
substantial differences in the diagnostic methods, in the
time periods, in the environmental exposures, and in the
genetic, ethnic, social, or educational characteristics of
the various study populations. Importantly, this hetero-
geneity was pronounced even after applying variance-sta-
bilizing transformations and conducting subgroup analy-
ses. The persistence of such high variability suggests that
pooled prevalence estimates should be interpreted cau-
tiously, as they likely represent a broad aggregation of
fundamentally heterogeneous elements.

To explore whether geographic or temporal factors con-
tributed to this variability, we performed meta-regres-
sions comparing studies from Mediterranean/Balkan
countries with studies from Central and Northern
European countries, as well as studies conducted before
or after year 2000. Neither analysis identified statistically
significant differences, and prevalence estimates showed
substantial overlap across both regional and temporal cat-
egories.

These findings indicate that the adopted classifications
alone are insufficient to explain the heterogeneity
observed across studies. At the same time, the consisten-
cy of our results across multiple analytic approaches
highlights the robustness of our methodology and sug-
gests that more granular, standardized covariates — such
as diagnostic modality, climate variables, or ethnic/social/
demographic structure — may be required in future
research to better account for the complex factors shap-
ing kidney stone prevalence. The main difficulty will
probably reside in the markedly different covariates,
namely in the diverse descriptors of each single popula-
tion in each national report, in the absence of a standard-
ized reporting modality.

Incidence of urolithiasis in Europe

Incidence studies are largely based on electronic registries
of urinary stone-related surgeries or hospital admissions,
which have become available over the past 20-30 years
for many countries or for individual hospitals or hospital
consortia. The incidence rate is calculated based on the
size of a country's population covered by the national
health system or on the number of inhabitants of smaller
geographical areas who exclusively refer to a specific
health service.

The hospital admission rate in the UK, regardless of the
study of Power et al. which was prior to the computeriza-
tion of hospital records, has been estimated by Hospital
Episode Statistics to vary over the last 15 years between
110 and 160x100,000 based on a number of cases per
year between 83,000 and 93,000 out of a general popu-
lation of 63,000,000 to 67,000,000.

Similar hospitalization rates were observed in Ireland
(102.1-184.5/100,000 in men, 43.5-100.2 in women),
Russia (176.7 in 2005, 205.4 in 2019) and Iceland (108
x100,000 in 1995-89 and138 x100,000 in 2005-08), but
lower rates were reported in Kosovo and Dagestan.
Slightly higher rates were found by some studies in Spain,
when evaluating the admission rate to referral hospitals of
a specific area, with rates between 266 and 510x100,000.
Other studies have measured incidences directly through
systematic follow-up of a cohort of patients monitored for
the onset of symptomatic stone events, although no stud-
ies have systematically investigated the presence of stones
with periodic imaging examinations. These studies
include health screening for early diagnosis of diseases or
follow-ups of primary care physicians. They are more
comprehensive because they can include cases treated
conservatively on outpatient basis or cases of asympto-
matic stones diagnosed through imaging performed for
periodic checkups or for the study of other diseases. In
these studies, the incidence was estimated at values close
to or greater than 1,000 cases/year x 100,000 inhabitants.
These values are higher than the hospital admission rates
which tend to underestimate the true incidence of the dis-
ease. They are compatible with the global age-standard-
ized incidence rate of the Global Burden of Disease study
which was reported to be 1450 per 100,000 in 2000 and
1240 per 100,000 in 2020. Particularly, the GBD age-
standardized incidence rates for Central Europe were
1420/100,000 in 2000 and 1040 in 2020 (2).

DECLARATIONS

Ethical approval and consent for participate: Not applicable.
This study is a systematic review based exclusively on previously
published data and does not involve human participants or iden-
tifiable personal information.

Consent for publication: Not applicable.

Availability of data and material: All data extracted and
materials used for the review are available upon reasonable
request from the corresponding author.

Competing interests: The authors declare that they have no
competing interests.

Funding: This research received no external funding.

Authors' contributions: Conceptualization: A.T.; Methodology:
A.T., G.P; Data curation: A.T., KB., V.M., KS.; Formal analy-
sis: G.P.; Investigation: A.T.; Writing - original draft: A.T., G.P.;
Writing - review & editing: A.T., G.P.; Supervision: G.P.

Acknowledgments: None.

Archivio Italiano di Urologia e Andrologia 2026; 98(1):15173

17



A. Trinchieri, G. Perletti, K. Bhatti, et al.

In pediatric populations, we have only incidence rates
assessed by hospital admissions that range between 1.8
and 6.5 cases per 100,000 which are significantly lower
than the global GBD study incidence rates per 100000
children which were in reported to be 77.92 in 1990 and
77.64 in 2021 (4).

Hospitalization rates in Latin America are even lower than
those reported in Europe, with values mostly below 100
per 100,000 inhabitants, which can be explained both by
a lower prevalence of the disease and by lower access to
health services. These values are much lower than the
global age-standardized incidence rates of the GBD study,
which for Latin America are 1790 per 100,000 in 2000
and 1970 per 100,000 in 2021 (2).

Finally, it should be noted that in Europe urolithiasis is
still more frequent in males, although the male-to-female
ratio tends to decrease. Conversely, this trend seems more
evident in Latin America where the disease rates in both
sexes have been shown to be equal or slightly higher in
females in many studies. This finding reproduces what
was described by the GBD study which in 2021 observed
an increase of female urolithiasis in most regions, with a
decrease of the global ratio of age-standardized incidence
rates for males-to-females from 2.3:1 in 1990 to 2.07:1 in
2021, until reaching a nearly equivalent male-to-female
ratio in Tropical Latin America at 1.4:1, in central Europe
at 1.06:1, and eastern sub-Saharan Africa at 1.01:1.

CoNCLUSIONS

In conclusion, this review confirmed that the peak preva-
lence of urolithiasis has been reached in European coun-
tries, where the disease seems to have fairly homogeneous
characteristics across their territories, in which economic
conditions and lifestyles tend to become uniform.
Conversely, we were unable to confirm the trend of an
increase in prevalence and incidence values of urolithiasis
in Latin American countries, where prevalence and inci-
dence rates are still lower than those observed in Europe.
However, it is possible that the traditional sources we used
have a longer latency compared to other indicators; thus,
demonstrating a change in prevalence and incidence val-
ues may require a longer period of time.
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