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Abstract

This research seeks to evaluate the worldwide burden, health inequities, and projected trends of pediatric urolithiasis from
1990 through 2021. We calculated age-standardized incidence rates, prevalence rates, and disability-adjusted life years rates
from the 2021 Global Burden of Disease database. Joinpoint regression was applied for time-trend analysis. Health dispari-
ties were measured by using Spearman correlation analysis, Relative Concentration Index, and Slope Index of Inequality.
Bayesian Age-Period-Cohort models predicted future global age-standardized incidence rates trends. Global age-standardized
incidence rates declined from 79 (95% confidence interval [CI], 38—132) cases per 100,000 population in 1990 to 75 (95%
CI, 37-124) cases per 100,000 in 2021, although the total number of cases rose. Age-standardized incidence rates decrease
sharper in high Socio-Demographic Index regions. Geographical differences reveal significant health disparities, with age-
standardized disability-adjusted life years rates higher in countries with a low Socio-Demographic Index. Bayesian Age-
Period-Cohort models forecast a slight rise in global age-standardized incidence rates.

Conclusions: While global age-standardized incidence rates for pediatric urolithiasis have shown a downward trend, the
increasing number of cases and persistent age-standardized disability-adjusted life years rates burden in low-SDI regions
underscore pressing concerns. Efforts focused on prevention, early detection, and equitable access to healthcare are critical
to bridging these gaps and improving global outcomes.

What is Known:

® Pediatric urolithiasis imposes a significant global burden, with higher recurrence rates and long-term impacts on kidney function.

o The incidence of urolithiasis in children varies greatly in different countries or regions around the world.

What is New:

o This study provides the comprehensive analysis of global trends and health inequalities in pediatric urolithiasis from 1990 to 2021 using GBD
2021 data.

o Persistent inequalities remain, with disadvantaged regions bearing heavier burdens despite global improvements.
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GBD Global burden of disease
GHDx Global health data exchange
ILNA Iterative leave-out-node approach
PC Penalized complexity

PCNL Percutaneous nephrolithotomy
RCI Relative concentration index
RIRS Retrograde intrarenal surgery
RW2 Second-order random walk
SII Slope index of inequality

SDI Socio-demographic index

Ul Uncertainty interval

YLLs Years of life lost

YLDs Years lived with disability
Introduction

Urolithiasis is an increasingly recognized public health con-
cern, with a rising incidence reported across various age
groups worldwide. Once considered predominantly an adult
disease, recent epidemiological trends indicate a significant
surge in pediatric cases, suggesting a shifting disease burden
that warrants closer examination[1-3].

Pediatric urolithiasis presents distinct clinical and public
health challenges due to its potential for recurrent stone for-
mation, long-term renal complications, and increasing prev-
alence[4]. These challenges are further complicated by sig-
nificant regional variations, likely influenced by metabolic
risk factors, dietary patterns, obesity, and climate change[2,
5]. However, the impact of these factors is not uniform but
rather shaped by geographic, genetic, and socioeconomic
contexts[6], further exacerbating disparities in disease bur-
den across regions[7-9].

To assess the broader disease burden, the Global Burden
of Disease (GBD) study provides a comprehensive frame-
work for assessing disease burden across various regions,
age groups, and socioeconomic contexts. Recent analyses
reveal a 26.7% increase in global urolithiasis cases from
2000 to 2021 across all age groups, with significant vari-
ations between high-income and low-income regions[10].
However, while studies have significantly advanced our
understanding of urolithiasis as a global public health issue,
they primarily examine the disease across all age groups,
often without a focused analysis of pediatric cases.

Understanding the global trends and disparities in pedi-
atric urolithiasis is essential for developing targeted public
health interventions. This study aims to analyze the global,
regional, and national burden of urolithiasis in children aged
0-14 years using GBD data, with a particular focus on inci-
dence trends, disability-adjusted life years, and socioeco-
nomic inequalities. By elucidating these patterns, we seek
to inform policies that address underlying risk factors and
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enhance healthcare accessibility for affected pediatric popu-
lations worldwide.

Materials and methods

Our study complies with the Guideline for Accurate and
Transparent Health Estimates Reporting (GATHER) recom-
mendations (Supplementary Materials S3).

Data sources and extraction

This study is part of the Global Burden of Disease Study
2021, which provides comprehensive estimates of disease
burden for 371 diseases and injuries across 204 countries
and territories. GBD 2021 quantifies incidence, prevalence,
mortality, years of life lost (YLLs), years lived with disabil-
ity (YLDs), and disability-adjusted life years (DALY's) for
25 distinct age groups, stratified by sex and Socio-Demo-
graphic Index (SDI) [8, 9].

Data for this study were manually retrieved from the
Global Health Data Exchange (GHDx) query tool (avail-
able at https://ghdx.healthdata.org/gbd-2021). We extracted
pre-processed estimates of incidence, prevalence, and disa-
bility-adjusted life years (DALYSs) for pediatric urolithiasis,
stratified by age (< 5 years, 5-9 years, 10-14 years), sex,
year (1990-2021), and location (5 socio-demographic index
super regions, 21 subregions, and 204 countries/territories).
Data were independently extracted by two authors and sub-
sequently verified by two additional authors. Manual cross-
checking was conducted to compare key variables including
age groups, diseases, locations, and years between datasets.
In addition, consistency checks were performed using cus-
tom scripts to ensure the reliability of the extracted data.
The dataset included absolute counts and rates (per 100,000
population), along with 95% uncertainty intervals (UIs) and
SDI values. No additional data cleaning or handling of miss-
ing data was performed, as the GBD 2021 database provides
quality adjustments and imputations applied by the GBD
collaborative team[11].

Definition of the urolithiasis

In GBD 2021, urolithiasis was identified according to the
International Classification of Diseases (ICD), Tenth Revi-
sion (ICD- 10), and ICD- 9. Urolithiasis was defined as the
formation of stone anywhere along the genitourinary tract
(coded as N20-N23.0, 592-592.9, 594-594.9)[12].

Data calculation

For the raw GBD data, uncertainty intervals (UIs) were pro-
vided to account for variability and measurement uncertainty
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in the original estimates. The 95% Uls were derived from
the 25 th and 975 th percentiles of 1,000 draws, representing
the range of plausible values. GBD studies draw on a wide
array of data sources and models, so uncertainty stems not
only from sampling error (which is addressed by confidence
intervals, or Cls) but also from factors such as data quality,
model assumptions, and parameter estimates.

The 0-14 age group age-standardized rates (ASRs) were
obtained using data from <5 years, 5-9 years, and 10-14
years, combined with the ageadjust.direct function from the
epitools package in R[13, 14]. The 2021 GBD global stand-
ard population was used as the reference population[12].
The 95% confidence intervals (CIs) for the ASRs were cal-
culated using the gamma distribution method to account for
the uncertainty in the estimates[15]. Although the original
GBD estimates include 95% Uls that incorporate a broader
range of uncertainty sources such as model-based and data
input variability, the ASRs in this study were derived from
GBD point estimates using standard epidemiological pro-
cedures. As a result, the reported CIs reflect only sampling
variability and may not capture the full uncertainty inherent
in the original GBD data.

Joinpoint regression

Joinpoint regression analysis was conducted to estimate the
average annual percent change (AAPC) and assess long-
term trends at both the global and Socio-demographic Index
(SDI) levels. The maximum number of joinpoints was set
at five (six-line segments) to ensure sufficient model flex-
ibility while preventing overfitting. This upper limit was
chosen to balance trend detection sensitivity and statistical
robustness, avoiding excessive responsiveness to short-term
fluctuations[16].

The Monte Carlo permutation test was applied to deter-
mine the actual number of joinpoints, minimizing the sum of
squared errors while adjusting for multiple testing. To ensure
stable trend estimation, a parametric method was used to
compute the annual percent change (APC) and AAPC[17].
The sensitivity analyses and model fit statistics are provided
in supplementary Sect. 4.

Cross-country inequalities analysis

SDI is a measure of socio-economic development based on
income per capita, average years of schooling for females
under 25, and fertility rates. Countries are ranked by SDI
from lowest to highest on a scale from 0 to 1. The SDI values
are categorized into five levels: low SDI (0-0.455), low-
middle SDI (0.455-0.608), middle SDI (0.608—0.690), high-
middle SDI (0.690-0.805), and high SDI (0.805-1.0)[12].
To quantify inequalities in the distribution of disability-
adjusted life years across countries ranked by their SDI, we

employed the Slope Index of Inequality (SII) and the Rela-
tive Concentration Index (RCI).

SII measures absolute inequality in disability-adjusted
life years by comparing the rates between the most and least
advantaged countries along the SDI spectrum. It assumes
a linear relationship between disability-adjusted life years
and SDI, meaning health burdens increase or decrease in a
predictable way as SDI changes. Additionally, SII incorpo-
rates population size, ensuring that the results reflect true
health disparities across countries of different sizes. RCI
focuses on relative inequality, measuring how DALY are
distributed across SDI groups in proportion to their popula-
tion size. It normalizes the data to show whether DALY
are disproportionately concentrated in either high-SDI or
low-SDI countries. RCI assumes that SDI rankings represent
socio-economic hierarchies and adjusts for population size
to make comparisons more accurate, accounting for the dif-
ferences in country sizes[18].

The SII was calculated using a repeated iterative weighted
least squares model in R. The model was fitted with the rlm
function from the MASS package, which accounts for het-
eroscedasticity in the data. The RCI was calculated using the
conindex command in Stata[19, 20]. Detailed explanations
of SII, RCI, and SDI ranking can be found in the supplement
materials Sect. 5.

Spearman correlation and regression analysis

To examine the relationship between disability-adjusted life
years and SDI at the country level, we calculated Spear-
man correlation coefficients to determine the strength and
direction of the non-linear relationship between these vari-
ables. Additionally, we applied locally estimated scatterplot
smoothing (LOESS) regression to visualize the trend in dis-
ability-adjusted life years across the SDI spectrum.

Predictive analysis

To forecast the age-standardized incidence rate from 2022
to 2045, we employed a Bayesian generalized age-period-
cohort (BAPC) power model. Model parameters were esti-
mated within a Bayesian inference framework, incorporating
the Iterative Leave-out-Node Approach (ILNA) to enhance
prediction accuracy[21]. We specified a second-order ran-
dom walk (RW2) for both period and cohort effects to allow
flexible temporal trends, and used Penalized Complexity
(PC) priors on the precision parameters to control smooth-
ness. The age effect was modeled as a fixed categorical
factor. Sensitivity analyses were conducted to assess the
robustness of model results to different prior distributions
and smoothness assumptions. The RW2 model with a PC
prior (0.5, 0.05) was adopted for final projections.
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The estimated parameters were applied to Global Burden
of Disease (GBD) Study population projections to predict
age-standardized rates through 2045. Credible intervals
(CIs) were derived using Integrated Nested Laplace Approx-
imations (INLA), with the 2.5 th and 97.5 th percentiles
defining the 95% CI.

Statistical analysis and data visualization

Most statistical analyses and data visualization were con-
ducted using R (version 4.3.3; R Foundation for Statistical
Computing, Vienna, Austria). Joinpoint Trend Analysis soft-
ware (version 5.2.0.0; National Cancer Institute, Rockville,
MD, USA) was employed for trend analysis. The epitools
(version 0.5-10.1) was used for age-standardized rate calcu-
lations, while INLA (version 23.09.09) and BAPC (version
0.0.36) were applied for BAPC projections. MASS package
(version 7.3-60.0.1) was used to calculate SII, and Stata
Statistical Software: Release 16 (StataCorp, 2019) was used
for calculating RCILA statistical significance threshold of p<
0.05 was applied across all analyses.

Results

Global and SDI trends

The total number of pediatric urolithiasis cases increased
from 1,355,161 (95% UI: 661,574-2,270,002) in 1990 to
1,562,095 (95% UI: 776,852-2,568,885) in 2021. How-
ever, the age-standardized incidence rate decreased slightly
from 79 per 100,000 (95% CI: 38-132) in 1990 to 75 per
100,000 (95% CI: 37-124) in 2021. The average annual
percent change (AAPC) for age-standardized incidence
rate was — 0.138 (95% CI: — 0.183, — 0.093), indicating
a slight decline in the global incidence rate over the study
period (Table 1, Fig. 1A).Across Socio-Demographic Index
(SDI) regions, the sharpest decline in the age-standardized
incidence rate was observed in high SDI regions, where it
dropped from 60 per 100,000 (95% CI: 28-102) in 1990 to
49 per 100,000 (95% CI: 25-78) in 2021 (AAPC: — 0.690).
In contrast, the smallest decrease occurred in low SDI
regions, where the age-standardized incidence rate declined
from 82 per 100,000 (95% CI: 40-137) to 79 per 100,000
(95% CI: 38-133) (AAPC: — 0.105) (Table 1, Fig. 1A).
Although this long-term downward trend is evident,
Fig. 1A reveals that the age-standardized incidence rate
exhibited noticeable fluctuations after 2009, particularly at
the global level and across multiple SDI regions. The global
age-standardized incidence rate initially declined but dem-
onstrated an upward fluctuation after 2009. A similar pattern
was observed in the high SDI, high-middle SDI, middle SDI,
and low-middle SDI regions, where the age-standardized
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incidence rate initially followed a downward trajectory but
subsequently experienced fluctuations after 2009 (Fig. 1A).

Between 1990 and 2021, the global age-standardized dis-
ability-adjusted life years rate showed a consistent decline,
decreasing from 1.09 per 100,000 (95% CI: 0.57-2.17)
in 1990 to 0.54 per 100,000 (95% CI: 0.29-1.26) in 2021
(AAPC: — 2.244,95% CI: — 2.351 to — 2.137) (Table 2,
Fig. 1B). Unlike the age-standardized incidence rate,
which exhibited fluctuations after 2009, the global disa-
bility-adjusted life years rate maintained a relatively stable
downward trajectory throughout the study period (Fig. 1B)
. Across socio-demographic index regions, the largest
decline in the disability-adjusted life years rate was observed
in middle SDI regions, where it decreased from 1.27 per
100,000 (95% CI: 0.59-1.80) in 1990 to 0.38 per 100,000
(95% CI: 0.24-0.62) in 2021 (AAPC: — 3.843). In contrast,
the smallest decrease occurred in high SDI regions, where
the disability-adjusted life years rate declined from 0.26 per
100,000 (95% CI: 0.16-0.40) to 0.18 per 100,000 (95% CI:
0.11-0.29) (AAPC: — 1.175).

Region-level differences

In 2021, the age-standardized incidence rate of pediatric
urolithiasis varied across regions (Table 1). The highest
rate was recorded in Central Asia 178 per 100,000 (95% CI.
95-288), while the lowest rate was observed in East Asia
26 per 100,000 (95% CI: 11-45). Between 1990 and 2021,
the age-standardized incidence rate declined in 12 regions,
with the steepest decrease in East Asia (AAPC: — 1.78).
In contrast, 9 regions exhibited an increasing trend, with
Tropical Latin America showing the fastest growth (AAPC:
0.600) (Table 1).

The age-standardized disability-adjusted life years rate
also showed substantial regional variation (Table 2). The
highest burden was observed in Western Sub-Saharan
Africa, reaching 1.58 per 100,000 (95% CI: 0.50-6.19),
while the lowest burden was recorded in Australasia, at 0.08
per 100,000 (95% CI: 0.03-0.15). Over the period 1990 to
2021, disability-adjusted life years decreased in 18 regions,
with the largest decline in East Asia (AAPC: — 7.130). Con-
versely, disability-adjusted life years increased in 3 regions,
with Tropical Latin America experiencing the most pro-
nounced rise (AAPC: 0.570) (Table 2).

National variations

In 2021, the age-standardized incidence rate of pediatric
urolithiasis showed significant variation across countries
(Fig. 2 A). The highest age-standardized incidence rate
was observed in Armenia, with 250 per 100,000 (95% CI:
140-391), while the lowest age-standardized incidence
rate was recorded in Cyprus, at 23 per 100,000 (95% CI:
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Table 1 Global and regional incidence of pediatric urolithiasis and average annual percent change from 1990 to 2021

Category 1990 Number 1990 ASIR 2021 Number 2021 ASIR 1990-2021 AAPC
Global 1355161 79 (38,132) 1562095 75 (37,124) —0.138 (- 0.183,— 0.093)
(661574,2270002) (776852,2568885)
Male 772286 (381433,1295780) 87 (43,147) 920741 (464638,1497649) 86 (43,140) —0.053 (- 0.090,— 0.016)
Female 582874 (278699,979534) 69 (33,117) 641354 (309106,1070124) 64 (31,107) —0.274 (- 0.317,— 0.231)
High SDI 114847 (53872,194155) 60 (28,102) 88404 (44696,141716) 49 (25,78) —0.690 (- 0.784,— 0.596)
High-middle SDI 230670 (112665,383824) 83 (40,138) 167914 (85909,274048) 69 (35,113) —0.578 (- 0.627,— 0.529)
Middle SDI 414769 (199300,703263) 72 (34,121) 407776 (203882,672071) 69 (34,114) —0.125 (- 0.190,— 0.059)
Low-middle SDI 419168 (207524,700220) 92 (45,153) 536926 (263433,883686) 90 (44,148) —0.067 (- 0.073,— 0.060)
Low SDI 174123 (84625,292286) 82 (40,137) 359831 (173873,602503) 79 (38,133) —0.105 (= 0.113,— 0.096)
Andean Latin America 8436 (3939,14442) 57 (27,98) 11078 (5776,17987) 60 (31,98) 0.179(0.155,0.203)
Australasia 1342 (512,2416) 29 (11,51) 1575 (588,2831) 26 (10,47) — 0.265(— 0.298,— 0.232)
Caribbean 7667 (3588,13041) 68 (32,115) 8071 (3784,13863) 69 (32,118)  0.046(0.021,0.070)

Central Asia 42291 (22421,68550)

61206 (32635,98926)

177 (94,286)

Central Europe 196 (105,317)

Central Latin America 57595 (29008,96930) 90 (45,151)

Central Sub-Saharan 15211 (7041,26306) 66 (31,113)
Africa

East Asia 148898 (61860,267116) 45 (19,81)

Eastern Europe 95436 (50594,155335) 183 (97,297)

Eastern Sub-Saharan 63139 (30067,106611) 75 (36,126)
Africa

High-income Asia Pacific 28396 (13301,47882) 74 (35,126)

High-income Asia Pacific 30,579 (13,200,54,063) 49 (21,87)

North Africa and Middle 101153 (48509,170518) 74 (35,124)
East

Oceania 1242 (545,2163) 48 (21,83)

South Asia 464223 (232007,771720) 110 (55,183)

Southeast Asia 97829 (44049,169415) 57 (26,98)

Southern Latin America 9568 (4446,16397) 63 (29,109)

Southern Sub-Saharan 18183 (8853,30436) 89 (43,149)
Africa

Tropical Latin America 23,172 (10,905,38,445) 42 (20,70)

Western Europe 24121 (9895,42309) 32 (13,57)

Western Sub-Saharan 55472 (26060,94525) 69 (32,116)

Africa

48213 (25735,78176) 178 (95,288)  0.023(0.007,0.038)

32207 (18533,49659) 173 (100,268) — 0.399(— 0.487,— 0.311)
55176 (29188,90036) 84 (45,137)  —0.237(— 0.358,— 0.117)
38288 (17964,65875) 66 31,114)  0.042(0.024,0.061)

71267 (31520,123614)  26(1145)  — 1.78(— 1.931,— 1.629)
67189 (35231,109642)  176(93,288) — 0.113(— 0.137,— 0.088)
131558 (62552,221688) 74 (35,125)  — 0.020(— 0.031,— 0.009)
14695 (7052,24544) 61(29,102)  — 0.644(= 0.749,— 0.540)
32752 (17024,51740) 47 24,74) = 0.300(= 0.773,0.176)
138042 (65816,231706) 74 (35,124)  — 0.002(= 0.010,0.007)
2467 (1095,4303) 50 (22,88)  0.170(0.162,0.178)
592499 (296085,973492) 110 (55,181)  — 0.009(— 0.024,0.006)
90470 (41915,153823)  51(23,86)  — 0.341(- 0.396,— 0.287)
10836 (5697,17522) 70 (37,113)  0.306(0.271,0.342)

22185 (10822,36961) 90 (44,150)  0.032(0.014,0.049)

25521 (12636,42038) 50 (25,82)  0.598(0.437,0.759)

23088 (10323,38850) 32(14,54)  —0.023(— 0.093,0.047)
144919 (68567,245024) 70 (33,118)  0.057(0.034,0.080)

Number is presented with 95% uncertainty intervals (UI), while ASIR (per 100,000) and AAPC are presented with 95% confidence intervals

D

Abbreviations: ASIR Age-standardized incidence rate, AAPC Average annual percent change, SDI Socio-demographic index

8—44). From 1990 to 2021, age-standardized incidence
rate increased in 147 countries, with the largest increase
observed in Spain (AAPC: 1.855). Brunei Darussalam
was the only country where age-standardized incidence
rate remained unchanged. In contrast, ASIR decreased in
55 countries, with Georgia exhibiting the steepest decline
(AAPC: — 2.668) (Fig. 2 B).

The age-standardized disability-adjusted life years rate
also demonstrated regional differences (Fig. 2 C). The
highest disability-adjusted life years burden was observed

in Nigeria, reaching 1.90 per 100,000 (95% CI: 0.55-8.39),
while the lowest disability-adjusted life years burden was
recorded in New Zealand, at 0.07 per 100,000 (95% CI:
0.03-0.13). Between 1990 and 2021, disability-adjusted
life years increased in 46 countries, with Libya showing
the largest increase (AAPC: 3.637). Conversely, disability-
adjusted life years decreased in 158 countries, with China
experiencing the largest decline (AAPC: — 7.235) (Fig. 2
D).
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® Global - 4 Joinpoints
1990.0-1995.0 APC = 0.02
— 1995.0-2000.0 APC =-0.62*
— 2000.0-2006.0 APC =-0.03
— 2006.0-2009.0 APC =-0.97*
— 2009.0-2021.0 APC = 0.15*
High SDI - 5 Joinpoints
1990.0-1993.0 APC = 1.63*
1993.0-1996.0 APC =-0.94*
1996.0-2000.0 APC = -4.94*
2000.0-2010.0 APC =-1.14*
2010.0-2015.0 APC =-0.05
2015.0-2021.0 APC = 1.43*
+ High-middle SDI - 4 Joinpoints
— 1990.0-1993.0 APC =-0.21
— 1993.0-2006.0 APC =-0.83*
— 2006.0-2009.0 APC =-2.76*
— 2009.0-2018.0 APC = 0.30*
—— 2018.0-2021.0 APC =-0.26*
Middle SDI - 4 Joinpoints
1990.0-1994.0 APC = 0.17

62 1994.0-2000.0 APC = -0.30*
2000.0-2006.0 APC = 0.30*
2006.0-2009.0 APC = -2.30*
57 2009.0-2021.0 APC = 0.20*
Low-middle SDI - 5 Joinpoints
1990.0-1992.0 APC =-0.19*
1992.0-2000.0 APC = -0.04*
52 2000.0-2010.0 APC = -0.17*
2010.0-2015.0 APC = 0.02*
2015.0-2019.0 APC = 0.13
47 2019.0-2021.0 APC =-0.16*
¢ Low SDI - 4 Joinpoints
—— 1990.0-2005.0 APC = -0.16*
42 —— 2005.0-2010.0 APC =-0.01

1989 1992 1995 1998 2001

Year

2004 2007 2010 2013 2016 2019 2022 —

— 2010.0-2015.0 APC =-0.08*
2015.0-2019.0 APC = 0.01
— 2019.0-2021.0 APC =-0.21*

2 ® Global - 4 Joinpoints
— 1990.0-1992.0 APC =-0.63
1992.0-2003.0 APC =-3.00*
18 — 2003.0-2010.0 APC =-2.23*
: — 2010.0-2016.0 APC =-0.76*
—— 2016.0-2021.0 APC =-3.00*
High SDI - 5 Joinpoints
16 1990.0-1995.0 APC =-1.12*
—_ 1995.0-2000.0 APC =-4.98*
8 2000.0-2011.0 APC =-0.88*
g- 14 2011.0-2014.0 APC = 0.04
] 2014.0-2019.0 APC = 1.40*
5 2019.0-2021.0 APC =-1.44*
2 + High-middle SDI - 5 Joinpoints
e 12 —— 1990.0-1993.0 APC =-0.36
E — 1993.0-2001.0 APC =-3.72*
" —— 2001.0-2008.0 APC =-6.62*
> 1 — 2008.0-2012.0 APC =-3.52*
g — 2012.0-2019.0 APC =-1.10*
- — 2019.0-2021.0 APC =-5.73*
8 Low-middle SDI - 3 Joinpoints
T 08 1990.0-2003.0 APC = -1.60*
g 2003.0-2006.0 APC =-0.55
5 2006.0-2017.0 APC =-1.27*
» 06 2017.0-2021.0 APC = -3.38*
g Middle SDI - 3 Joinpoints
< 1990.0-1993.0 APC =-1.92*
1993.0-2008.0 APC =-4.93*
04 2008.0-2013.0 APC = -1.88*
2013.0-2021.0 APC =-3.72*
* Low SDI - 4 Joinpoints
0.2 — 1990.0-1993.0 APC =-1.42*
— 1993.0-1999.0 APC =-3.51*
— 1999.0-2010.0 APC =-2.03*
0 — 2010.0-2016.0 APC = 0.21

1989 1992 1995 1998 2001 2004 2007 2010

Year

Fig.1 Trends in age-standardized incidence rates (A) and age-
standardized disability-adjusted life years rates (B) in global and five
SDI regions from 1990 to 2021. Abbreviations: DALY, disability-

Cross-country inequality analysis

Significant cross-country disparities in the burden of pediat-
ric urolithiasis were observed, with higher age-standardized

@ Springer

— 2016.0-2021.0 APC =-3.40*

2013 2016 2019 2022

adjusted life years; SDI, socio-demographic index; APC, annual per-
cent change. *Indicates that the annual percent change is significantly
different from zero at the alpha =0.05 level

disability-adjusted life years rates concentrated in lower
SDI countries (Fig. 3). The Slope Index of Inequality (SII)
decreased from 1.44 in 1990 to 0.51 in 2021, while the Con-
centration Index increased from — 0.15 to — 0.25. SII and
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Table 2 Global and regional DALY of pediatric urolithiasis and average annual percent change from 1990 to 2021

1990 ASR of DALYs 2021 Number

2021 ASR of DALYs 1990-2021 AAPC

10773 (5944,24663) 0.54 (0.29,1.26)
7421 (3453,19484)  0.72 (0.33,1.94)

—2.244 (- 2.351,—- 2.137)
— 1.829 (— 1.999,— 1.658)

Category 1990 Number

Global 18975 (9980,38124) 1.09 (0.57,2.17)
Male 11523 (4254,28318) 1.28 (0.48,3.13)
Female 7453 (2894,12506)  0.88 (0.33,1.47)
High SDI 491 (305,758) 0.26 (0.16,0.40)
High-middle SDI 2349 (1462,3263) 0.86 (0.54,1.19)
Middle SDI 7336 (3388,10371)  1.27 (0.,1.80)
Low-middle SDI 4633 (1708,9637) 0.97 (0.37,2.01)
Low SDI 4157 (744,14582) 1.69 (0.33,5.76)
Andean Latin America 42 (20,74) 0.29 (0.13,0.49)
Australasia 4(2,8) 0.10 (0.04,0.18)
Caribbean 48 (18,121) 0.42 (0.15,1.04)
Central Asia 330 (188,501) 1.32(0.75,1.99)
Central Europe 270 (180,405) 0.87 (0.58,1.30)
Central Latin America 478 (367,635) 0.74 (0.57,0.99)
Central Sub-Saharan 127 (35,385) 0.49 (0.15,1.40)

Africa
East Asia 5564 (2132,8120) 1.69 (0.65,2.46)

Eastern Europe

Eastern Sub-Saharan
Africa

High-income Asia
Pacific

High-income Asia
Pacific

North Africa and Middle
East

Oceania

South Asia

Southeast Asia
Southern Latin America

Southern Sub-Saharan
Africa

Tropical Latin America
Western Europe

Western Sub-Saharan
Africa

415 (276,624)
871 (210,2115)

92 (46,158)

119 (68,196)

1922 (794,2961)

42,7)

4065 (1389,6936)
903 (432,1480)
29 (14,52)

107 (45,204)

139 (95,207)
120 (77,181)
3327 (501,16045)

0.80 (0.53,1.20)
0.93 (0.24,2.21)

0.24 (0.12,0.42)

0.19 (0.11,0.32)

1.36 (0.57,2.09)

0.15 (0.06,0.28)
0.94 (0.33,1.60)
0.53(0.25,0.87)
0.19 (0.09,0.34)
0.52(0.22,0.98)

0.26 (0.17,0.38)
0.16 (0.11,0.25)
3.35 (0.55,15.85)

3351 (1915,5679)
329 (194,530)
680 (414,1069)
2202 (1378,3563)
3425 (1950,6767)

4131 (1555,12822)

41 (22,69)
5(2.9)

41 (16,95)
241 (154,368)
96 (52,163)
245 (158,381)
165 (82,309)

480 (290,751)
225 (127,371)
765 (436,1390)

47 (24,81)

134 (87,208)

1112 (530,1681)

7 (3,14)

2702 (1550,4267)
549 (319,829)

33 (17,58)

96 (54,156)

156 (113,221)
91 (53,149)

3540 (1093,14031)

0.34 (0.19,0.58)
0.18 (0.11,0.29)
0.28 (0.17,0.44)
0.38 (0.24,0.62)
0.59 (0.33,1.18)
0.89 (0.34,2.73)
0.22 (0.12,0.38)
0.08 (0.03,0.15)
0.35 (0.14,0.83)
0.88 (0.56,1.34)
0.52 (0.28,0.87)
0.37 (0.24,0.58)
0.28 (0.14,0.53)

0.18 (0.11,0.28)
0.59 (0.33,0.98)
0.43 (0.25,0.78)

0.20 (0.10,0.34)

0.19 (0.12,0.30)

0.60 (0.29,0.91)

0.15 (0.07,0.28)
0.51(0.29,0.81)
0.31 (0.18,0.47)
0.21 (0.11,0.37)
0.39(0.22,0.64)

0.31 (0.22,0.43)
0.13 (0.07,0.21)
1.58 (0.50,6.19)

—3.024 (- 3.201,— 2.846)
— 1.175(= 1.291,— 1.059)
— 3.588(— 3.844,— 3.332)
— 3.843(— 4.082,— 3.603)
— 1.615(— 1.773,— 1.457)
— 2.055(—2.243,— 1.867)
— 0.786(— 1.078,— 0.493)
— 0.699(— 0.849,— 0.549)
— 0.489(— 0.678,— 0.299)
— 1.266(— 1.741,— 0.787)
— 1.653(— 1.823,— 1.483)
—2.233(- 2.627,— 1.837)
— 1.722(- 1.766,— 1.678)

—7.131(— 7.586,— 6.674)
—0.962(- 1.172,— 0.751)
— 2.456(— 2.582,— 2.330)

—0.673(— 0.901,— 0.445)

—0.014(- 0.361,0.335)

—2.591(— 2.704,— 2.479)

0.037(— 0.008,0.082)

— 1.902(- 2.086,— 1.719)
— 1.709(— 1.941,— 1.477)
0.309(0.107,0.510)

— 0.868(— 1.276,— 0.458)

0.569(0.319,0.820)
— 0.853(— 1.043,— 0.663)
—2.407(— 2.648,— 2.166)

Number is presented with 95% uncertainty intervals (UI), while age-standardized DALY's (per 100,000) and AAPC are presented with 95% con-

fidence intervals (CI)

Abbreviations: ASR Age-standardized rate, DALYs Disability-adjusted life years, AAPC Average annual percent change, SDI Socio-demographic

index

RCI values can be found in the supplementary materials

Sect. 5.

Spearman correlation and regression analysis

0.001) (Supplementary Materials S1 -2). Countries with the
highest age-standardized disability-adjusted life years rates
in 2021 included Nigeria (1.90, 95% CI: 0.55-8.39), Chad
(1.74, 95% CI: 0.30-7.01), and Tajikistan (1.70, 95% CI:
0.78-3.17). The lowest disability-adjusted life years rates

Spearman correlation analysis and LOESS regression indi-
cated a negative association between SDI and age-stand-
ardized disability-adjusted life years rates (p =— 0.53, p<

were observed in New Zealand (0.07, 95% CI: 0.03-0.13),
Australasia (0.08, 95% CI: 0.03-0.15), and Monaco (0.08,
95% CI: 0.03-0.16).

@ Springer
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Fig.2 The age-standardized incidence rates (A) and

Predicted trends

Using Bayesian Age-Period-Cohort (BAPC) models,
the projected global age-standardized incidence rate for
2022-2045 is shown in Fig. 4. The model predicts a slight
increase in age-standardized incidence rate after 2021, with
a widening confidence interval beyond 2021. The results of
posterior predictive checks and sensitivity analysis can be
found in the supplementary Sect. 6.

Discussion

Consistent with previous studies, our findings reveal a
declining trend in the global and regional age-standardized
incidence rate (ASIR) and disability-adjusted life years
(DALYs) for pediatric urolithiasis between 1990 and
2021[10]. However, the total number of cases has risen,
especially in low and low-middle Socio-Demographic

@ Springer
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(B) and disability-adjusted life years rates (D) from 1990 to 2021.
Enlarged versions of Panels A-D are provided in supplementary
Sect. 7 for improved clarity

Index (SDI) regions, likely due to population growth and
changing epidemiology.

We also observed fluctuating increases in the age-stand-
ardized incidence rate after 2009 in high, high-middle,
and middle SDI regions. Initially, we thought this trend
might be linked to guidelines recommending ultrasound
as the first-line imaging method for pediatric urolithiasis
and more frequent use of CT scans[3, 22]. However, previ-
ous studies indicate that in the United States, CT utiliza-
tion rates increased before 2009 and peaked in 2007[23,
24], while ultrasound usage increased after 2009, but no
study has definitively demonstrated that this increase con-
tributed to a rise in symptomatic incidence of pediatric
urolithiasis[25]. Therefore, this hypothesis may not be
entirely reliable, and the underlying causes warrant fur-
ther investigation.

Our Bayesian Age-Period-Cohort (BAPC) model pro-
jects a gradual increase in the age-standardized incidence
rate (ASIR) from 2022 to 2045. This trend is most evident
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under models with second-order random walks (RW?2),
which allow for smoother acceleration over time, and may
reflect the cumulative effects of population aging, evolv-
ing risk exposures, and improved diagnostic sensitivity.
In contrast, models with first-order random walks (RW1)
tended to produce flatter projections, suggesting greater
prior-driven constraint on long-term trend dynamics.
Given the inherent uncertainty in long-term forecasting,
we performed sensitivity analyses using different prior
distributions and smoothness assumptions. Despite some
variation in uncertainty bounds, the RW?2 models, particu-
larly those with a penalized complexity (PC) prior of (0.5,
0.05), demonstrated relatively better model fit.

Significant regional differences in age-standardized
incidence rate exist, likely due to environmental and socio-
economic factors like temperature, diet, and water quality
[26-30]. Interestingly, our analysis showed a negative cor-
relation between age-standardized incidence rate and SDI,
contrary to the slight positive correlation typically found in
all age groups[31-33]. This indicates that the causes of pedi-
atric urolithiasis may differ from those in adults, highlight-
ing the need for age-specific prevention and management.

The disability-adjusted life years burden is heavily con-
centrated in low and low-middle SDI regions, pointing to
significant health disparities. While absolute health inequal-
ity has decreased, relative inequality has grown, meaning

@ Springer
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Fig.4 The global trends in the
age-standardized incidence rate
of pediatric urolithiasis from
1990 to 2021, with projected
trends from 2022 to 2045
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that although global health has improved, the gap between
high- and low-SDI regions has widened. One possible reason
for this disparity is the high recurrence rate and long-term
renal complications in children[34]. These factors empha-
size that managing pediatric urolithiasis remains a global
challenge, particularly in low-SDI countries with limited
healthcare infrastructure.

Given these challenges, expanding access to effective
treatments is essential to improving outcomes for pediatric
urolithiasis patients, especially in resource-limited regions.
Among available treatment options, retrograde intrarenal
surgery (RIRS) is considered one of the most effective and
minimally invasive approaches. Compared to percutaneous
nephrolithotomy (PCNL) and extracorporeal shock wave
lithotripsy (ESWL), RIRS offers higher stone-free rates,
fewer complications, and shorter recovery times, making it
especially suitable for pediatric patients[35, 36]. But cur-
rently, its use remains limited in low-income countries[37].

To reduce health inequities, future efforts should focus on
improving access to minimally invasive techniques, enhanc-
ing surgeon training, upgrading healthcare infrastructure,
and addressing environmental factors like water supply and
nutrition[38]. These strategies will help alleviate the burden
of pediatric urolithiasis globally.

This study uses data from the Global Burden of Disease
(GBD) database, which, while comprehensive, faces chal-
lenges with data accuracy, especially in low-SDI regions,
potentially leading to misestimations of the disease bur-
den[39, 40]. Additionally, we could only analyze data from
children aged 0—14 years due to GBD limitations, limiting

@ Springer

a full understanding of pediatric urolithiasis trends. Future
research should include more data from low-SDI regions
and consider additional risk factors to enable better-tar-
geted interventions.

In conclusion, this study highlights ongoing disparities
in pediatric urolithiasis burden and stresses the importance
of focused public health interventions, particularly in low-
SDI regions, to improve child health outcomes globally.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00431-025-06134-4.
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