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Background: Urogenital congenital anomalies (UCAs) are among the most 

common organ system abnormalities in the neonate. This study employs 

Global Burden of Disease, Injury, and Risk Factor Study 2021 (GBD 2021) to 

systematically quantify the global epidemiological burden of UCAs from 1990 

to 2021, examining geographic variations and temporal trends.

Materials and methods: Data were extracted from the GBD 2021. We focused 

on UCAs-related metrics: prevalence, incidence, deaths, and disability-adjusted 

life years (DALYs) across 204 countries and territories, grouped into 5 or 21 GBD 

regions by the socio-demographic index (SDI). Data analysis encompassed 

relative change calculations, as well as annual percentage change (APC) and 

average annual percentage change (AAPC), both of which are based on 

joinpoint regression analysis. The study additionally employed decomposition 

analysis, frontier analysis and cross-country health inequality analysis. 

Analyses utilized R version 4.3.1.

Results: From 1990 to 2021, the global prevalence of UCAs cases surged by 

21%, exceeding 6.34 million, accompanied by an increase in age-standardized 

rates. Incidence, mortality, and DALYs experienced declines in both absolute 

figures and age-standardized rates. Gender-specific trends from 1990 to 2021 

revealed that females dominated in prevalence, while males had higher 

mortality and DALYs burden. Regionally, Southern Sub-Saharan Africa 

exhibited the highest prevalence, while Oceania and East Asia showed 

significant increases and decreases, respectively. Decomposition analysis of 

change in prevalence indicated that, globally, population contributed the 

most to changes in prevalence, followed by aging and epidemiological 

change. Frontier analysis of 204 countries and regions linked higher SDIs to 

lower UCAs prevalence. However, unexpected deviations were observed in 

some high SDI countries, such as Singapore and South Korea. Health 

inequality analysis revealed that the health inequality in prevalence between 

high-income and low-income countries decreased in 2021, although the 

burden became more concentrated in low-income countries.

Conclusion: Our analysis highlights the intricate relationship between socio- 

demographic factors and UCAs trends, underscoring the urgent need for 

targeted and context-specific healthcare interventions. While significant 

advancements have been made, sustained vigilance and ongoing research 

remain critical to achieving effective global management of UCAs.
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Introduction

Urogenital congenital anomalies (UCAs) are defined as “any 

live birth with a urinary or genital condition.” These conditions 

are often detected either prenatally or immediately after birth, 

though a significant proportion is identified in older children, 

presenting with varying degrees of severity (1). UCAs frequently 

manifest as urinary incontinence, recurrent urinary tract 

infections, atypical genitalia, or other abdominal complications 

resulting from congenital abnormalities of the urinary system 

(2). Unfortunately, UCAs are not only a significant cause of 

postnatal mortality but also contribute to poor long-term 

health outcomes (3). With the global population increasing 

and demographic structures shifting, understanding the 

comprehensive burden of these conditions has become 

critically important.

The Global Burden of Disease (GBD) study provides a 

valuable platform for assessing the health impact of a wide 

range of diseases and injuries (4). By leveraging this resource, 

researchers and policymakers can gain insights into the 

prevalence, incidence, mortality, and disability-adjusted life years 

(DALYs) associated with specific conditions, offering a 

panoramic view of their global, regional, and national impacts 

(5–7). Although the impact of urogenital congenital anomalies 

on global health is well-established, systematic analyses of their 

comprehensive burden, particularly those utilizing GBD data, 

remain sparse.

Furthermore, while statistical assessments provide a 

foundational understanding, complementary analyses such as 

decomposition, frontier, and health inequality analyses offer 

deeper insights into the complexities of the data, painting a 

more nuanced picture of disease impacts. Decomposition 

analysis disaggregates the changes in key indicators of UCAs 

from 1990 to 2021 into three explanatory factors: population 

growth, aging, and epidemiological changes (8). Frontier analysis 

establishes a benchmark based on countries with the lowest 

disease burden at each respective SDI level, defining an 

efficiency frontier. The greater the distance between a country’s 

actual disease burden and this frontier, the larger the potential 

for improvement in reducing its burden (9). Health inequality 

analysis assesses both absolute and relative disparities in UCAs 

burden by calculating the slope index of inequality and the 

concentration index, respectively (10). These advanced analyses 

benchmark health performance against the best-performing 

counterparts, providing insights into potential areas for 

improvement and driving more effective health responses.

Given these gaps in research and the immense value such 

studies can bring, our research aims to systematically elucidate 

the global, regional, and national burdens of urogenital 

congenital anomalies. Utilizing the GBD dataset, this study 

offers a comprehensive perspective on the prevalence, incidence, 

mortality, and DALYs associated with these conditions. 

We identified and discussed critical trends, conducted 

decomposition analyses, and performed cross-country health 

inequality analyses that account for the sociodemographic index 

(SDI) to gain a deeper understanding of the global burden of 

UCAs. Through this rigorous exploration, our work seeks to 

reveal the scale and intricacies of UCAs worldwide, providing 

evidence to inform healthcare decisions and contributing 

significantly to the existing body of knowledge. This cross- 

sectional study has been reported in line with the STROCSS 

guidelines (11).

Methods

Research population and data compilation

Data on the UCAs burden from 1990 to 2021 were obtained 

from the Global Health Data Exchange GBD Results Tool 

(http://ghdx.healthdata.org/gbd-results-tool) (date of data 

extraction, November 12, 2024). In this study, UCAs were 

defined as any live births with a urinary or genital condition, 

including congenital malformation of the collecting system, 

ureter, bladder, and kidney; bladder exstrophy and epispadias; 

hypospadias; ambiguous or indeterminate sex; and other genital 

malformations according to GBD (https://www.healthdata.org).

Our study focused on four key metrics: prevalence, incidence, 

mortality, and DALYs associated with UCAs. In accordance with 

the GBD framework, 95% uncertainty intervals (UIs) were 

computed for all final estimates as the 2.5th and 97.5th 

percentiles values of 500 or 1,000 draws. The analysis covered 

the time span from 1990 to 2021, including annual statistics 

across different age groups, sexes, and regions. Our study 

encompassed 204 countries and territories, grouped into 21 

GBD regions based on geographic proximity and further 

categorized into five categories according to the socio- 

demographic index (SDI).

SDI

The SDI is a composite metric developed by GBD researchers 

to assess the socio-economic status of a region. It integrates per 

capita income, educational attainment, and fertility rates into a 

single index ranging from 0 to 1, reEecting the socio-economic 

health and progress of a region or country (4, 12). Higher SDI 

values correspond to better socio-economic conditions and 

improved health outcomes. Based on SDI values, regions are 

divided into five quintiles: low-SDI, low-middle-SDI, middle- 

SDI, high-middle-SDI, and high-SDI.

Data analysis

Our data analysis began with an exploration of the dataset’s 

structure, calculating counts and rates for key measures such as 

prevalence, incidence, mortality, and DALYs of UCAs at the 

global, regional, and national levels. We then analyzed changes 

in these metrics across different regions from 1990 to 2021. To 
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determine relative changes, we used the formula:

Relative change (%) ¼ [(Value in 2021 � Value in 1990)=Value in 1990] � 100%:

This formula was applied to both case numbers and age- 

standardized rates (ASRs) per 100,000 population (13).

To analyze trends in UCAs, we used statistical methods, 

including annual percentage change (APC) to assess year-to-year 

variations and average annual percentage change (AAPC) to 

capture average trend over specified periods (14, 15).

Significant changes in data trends over time were identified 

using joinpoint regression analysis, which differentiates genuine 

trends from random Euctuations. This method uses statistical 

criteria to determine the minimum number of linear segments 

required to describe a trend. The software calculates the APC 

for each segment, as well as the AAPC over the entire study 

period, along with the corresponding 95% CIs, allowing us to 

assess the direction, magnitude, and significance of the observed 

trends. Pearson correlation was applied to explore the 

relationship between the SDI and UCAs indicators, assessing the 

strength and direction of these relationships across regions.

Decomposition analysis was performed to examine the 

underlying factors contributing to changes in UCAs 

epidemiology over the defined time periods at the global, 

regional and national levels (8). Changes in prevalence, 

mortality, and DALYs due to UCAs were decomposed into 

population, aging and epidemiological change. This allowed for 

a quantified understanding of the drivers behind these trends.

To benchmark UCAs burdens, frontier analysis compared the 

performance of countries and regions against the best-performing 

counterparts, identifying gaps and opportunities for improvement 

(9). We calculated the “effective difference,” representing the 

disparity between observed and potential burden, while 

accounting for SDI.

Health inequalities in UCAs burdens were assessed using the 

slope index of inequality and the concentration index of health 

inequality (10). Regression analyses were performed with 

incidence, prevalence, mortality and DALYs as dependent 

variables and socioeconomic status (defined as the midpoint of 

the cumulative class interval of the population sorted by gross 

domestic product per capita) as the independent variable. 

Heteroskedasticity was calculated using a weighted regression 

model. The concentration index of health inequality was 

calculated by fitting a Lorenz curve, with the area under the 

curve reEecting the degree of concentration of health burden 

among income groups. Statistical analyses were executed using 

R version 4.3.1.

Results

Global trends

From 1990 to 2021, the global UCAs prevalence increased 

from 5.22 million to 6.34 million, representing a 21% rise in 

number (Table 1). The age-standardized prevalence rates also 

increased, from 86.34 per 100,000 to 89.76 per 100,000, a 

growth of 3.96%. However, the global incidence decreased from 

1.16 million to 1.09 million, reEecting a 6.25% absolute 

reduction (Table 2). The age-standardized incidence rate 

declined from 18.21 per 100,000 to 17.49 per 100,000, a 2.86% 

decrease. Mortality dropped by 22.56%, with the age- 

standardized mortality rate falling by 20% (Table 3). Similarly, 

DALYs, a measure of global disease burden, decreased by 

15.44% in absolute numbers, with age-standardized DALYs 

dropping by 18.46% (Table 4).

Further analysis using APC and AAPC revealed varying 

trends. Prevalence showed notable increases during 1999–2005 

and 2019–2021, with APC values of 0.35% (95% CI: 0.32%, 

0.39%) and 1.09% (95% CI: 0.95%, 1.23%), respectively, and an 

overall AAPC of 0.13% (95% CI: 0.11%, 0.15%) (Figure 1A). 

Incidence exhibited a declining trend from 1990 to 2016, with 

the largest decrease between 2006 and 2016 (APC: −0.58%; 95% 

CI: −0.66%, −0.50%), but it increased from 2016 to 2021 (APC: 

1.67%; 95% CI: 1.46%, 1.88%), resulting in an overall AAPC of 

−0.08% (95% CI: −0.16%, 0.00%) (Figure 1B). Mortality 

demonstrated a consistent downward trend from 1990 to 2021, 

with a slight increase during 2007–2010 (APC: 0.35%; 95% CI: 

−0.44%, 1.14%), yielding an overall AAPC of −0.86% (95% CI: 

−0.98%, −0.74%) (Figure 1C). DALYs also declined steadily 

over the period, with a notable reduction between 2013 and 

2021 (APC: −1.49%; 95% CI: −1.49%, −1.61%) and an overall 

AAPC of −0.63% (95% CI: −0.68%, −0.58%) (Figure 1D).

Global trends by sex

Over the past three decades, ASRs indicate that males 

consistently had higher rates in mortality and DALYs, while 

females had higher rates in prevalence and incidence. However, 

when focusing on absolute numbers, the incidence among males 

gradually surpassed that of females (Figures 2A–D).

From 1990 to 2021, a gender-specific analysis of UCAs 

prevalence showed that prevalence in females remained 

relatively stable (AAPC: 0.03%; 95% CI: −0.02%, 0.88%), while 

prevalence in males increased significantly (AAPC: 0.25%; 95% 

CI: 0.23%, 0.27%) (Figure 3A). Notably, both sexes experienced 

a rapid increase in age-standardized prevalence rates between 

2019 and 2021. Incidence rates in females declined from 1990 to 

2016, with significant decreases during 1990–2005 (APC: 

−0.42%; 95% CI: −0.45%, −0.38%) and 2005–2016 (APC: 

−0.84%; 95% CI: −0.89%, −0.78%), but showed an increasing 

trend from 2016 to 2021 (APC: 1.8%; 95% CI: 1.63%, 1.96%) 

(Figure 3B). For males, incidence rates Euctuated over the 30 

years, with increases during 2000–2012 and 2016–2021, and 

declines in other periods. Compared to 1990, male incidence 

showed a slight overall increase (AAPC: 0.04%; 95% CI: −0.05%, 

0.13%), while female incidence declined (AAPC: −0.21%; 95% 

CI: −0.25%, −0.17%).

Significant trends were also observed in ASRs for mortality 

and DALYs between genders. For mortality, males experienced a 
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decline during 1990–2001(APC: −0.41%; 95% CI: −0.52%, 

−0.31%) and 2012–2021 (APC: −1.28%; 95% CI: −1.43%, 

−1.14%), but an increase during 2001–2012 (APC: 0.58%; 95% 

CI: 0.46%, 0.70%), with an overall AAPC of −0.31% (95% CI: 

−0.38%, −0.25%) (Figure 4A). In contrast, female mortality 

declined consistently over the 30 years, with the sharpest decline 

occurring from 2019 to 2021(APC: −4.82%; 95% CI: −5.73%, 

−3.90%), resulting in an overall AAPC of −1.63% (95% CI: 

−1.71%, −1.53%). Similarly, trends in DALYs mirrored this 

positive trajectory, with reductions observed in both sexes 

(Figure 4B). Females experienced the greatest decline in DALYs 

during 1993–2001 (APC: −1.27%; 95% CI: −1.38%, −1.16%). 

For males, DALYs declined during 1990–2001 (APC: −0.26%; 

95% CI: −0.35%, −0.17%) and 2012–2021 (APC: −1.10%; 95% 

CI: −1.21%, −0.98%), but showed an upward trend from 2001 

to 2012 (APC: 0.52%; 95% CI: 0.42%, 0.62%). The overall 

downward trend in DALYs was reEected by an AAPC of 

−0.23% (95% CI: −0.28%, −0.17%) for male and −1.19% (95% 

CI: −1.25%, −1.12%) for female.

Regional trends

From 1990 to 2021, the prevalence of UCAs showed 

significant variation across 21 regions. In 2021, the ASR was 

observed in Southern Sub-Saharan Africa at 164.25 (95% UI: 

129.29–206.02) per 100,000 cases, while the lowest was in 

Southeast Asia at 48.1 (95% UI: 37.7–60.46) per 100,000 

cases. The ASPR in East Asia demonstrated a significant 

decline, with a relative change of −12.68% and an AAPC of 

−0.73% (95% CI: −0.54% to −0.91%). In contrast, Oceania 

experienced an increasing trend, with a relative change of 

18.07% and an AAPC of 0.48% (95% CI: −0.45% to −0.52%). 

For incidence, Southern Sub-Saharan Africa also recorded the 

highest ASR at 28.41 (95% UI: 21.04–38.86) per 100,000 

cases, while Southeast Asia had the lowest at 9.91 (95% UI: 

7.32–13.3) per 100,000 cases (Tables 1, 2).

In terms of mortality, Eastern Europe experienced a 

substantial 61.54% reduction in ASR over the 30 years, with 

an AAPC of −3.32% (95% CI: −2.84% to −3.80%). 

Conversely, Oceania’s ASR increased by 150%, with the 

absolute number of deaths rising by 300% and an AAPC of 

2.67% (95% CI: 2.52%–2.81%). Regions such as High-Income 

Asia Pacific, Central Europe, and North Africa showed 

significant declines in both numbers of deaths and ASRs. The 

trends in DALYs associated with UCAs varied across regions. 

For example, Oceania exhibited the largest relative increase, 

with DALYs rising by 263.79% in numbers and 82.98% in 

ASR, with an AAPC of 1.98% (95% CI: 1.88% to 2.08%). In 

sharp contrast, Central Europe and Northern Europe 

experienced substantial declines in DALYs, with absolute 

numbers decreasing by −63.72% and −61.95%, 

respectively. Their AAPCs were −2.20% (95% CI: −1.82% to 

−2.58%) and −1.70% (95% CI: −1.45% to −1.94%), 

respectively (Tables 3, 4).T
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FIGURE 1 

The APC and AAPC of ASR for prevalence (A), incidence (B), deaths (C) and DALYs (D) in urogenital congenital anomalies at the global level based on 

the joinpoint regression analysis model.

FIGURE 2 

The trends in numbers and ASR of prevalence (A), incidence (B), deaths (C), and DALYs (D) for urogenital congenital anomalies hernias among 

different sexes, female and male, from 1990 to 2021.
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National trends

From 1990 to 2021, significant changes were observed in the 

number of UCAs across 204 countries and territories. In terms 

of prevalence, 137 countries experienced an increase, with Qatar 

showing the most significant growth at 476.47%. Conversely, 67 

countries, including the United States Virgin Islands at −54.44% 

and the Republic of Moldova at −55.65%, exhibited a decline. 

For incidence, 187 out of 204 countries showed an upward 

trend, with Qatar again leading the increase at 184.40%. 

However, Puerto Rico recorded the largest decline, at −72.19%. 

Mortality trends varied widely, with Papua New Guinea at 

402.45% experiencing the largest increase, while Puerto Rico 

showed the greatest decline at −96.23%. Regarding DALYs, 

Papua New Guinea saw the most significant increase at 334.20%, 

while Puerto Rico again exhibited the largest reduction at 

−89.42% (Supplementary Table S1–S4).

From the perspective of ASRs, 51 countries consistently 

demonstrated declines across different parameters. For example, 

Sweden showed a 90% reduction in mortality, the Islamic 

Republic of Iran experienced a 79% decline in DALYs and a 

16% reduction in prevalence, while the Republic of Serbia 

reported a 33.9% decrease in incidence. In contrast, 37 countries 

consistently displayed increases in different parameters. Tokelau 

recorded a 600% rise in mortality, Niue experienced a 54% 

increase in DALYs and a 33.4% increase in prevalence, while 

American Samoa saw a 43.3% rise in incidence (Supplementary 

Tables S1–S4; Supplementary Figures S1–S8). Moreover, the 

AAPC of incidence, prevalence, mortality, and DALYs for 204 

countries and territories from1990 to 2021 provided deeper 

insights (Figures 5A–D).

Decomposition analysis of change in UCAs

The decomposition analysis examined changes in prevalence, 

deaths, and DALYs at the global level and across five SDI strata, 

attributing these changes to three population-level determinants: 

aging, population growth, and epidemiological change. Globally, 

the change in prevalence was primarily driven by population 

(203.03%), followed by epidemiological change (17.28%), while 

aging contributed negatively (−120.32%). Changes in deaths 

were largely attributable to population (−147.82%), followed by 

epidemiological change (136.47%) and aging (111.35%). 

FIGURE 3 

The APC and AAPC of ASR for prevalence (A) and incidence (B) by gender (both, female and male) in urogenital congenital anomalies at the global 

level based on the joinpoint regression analysis model.
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Similarly, the change in DALYs was inEuenced primarily by 

population (−240.38%), followed by epidemiological change 

(180.14%) and aging (160.24%). The contributions of these three 

determinants to changes in the UCAs burden varied 

significantly across different SDI regions. Population was the 

main driver of increased disease burden in most SDI regions, 

whereas aging was identified as the key factor reducing disease 

burden in these regions (Figures 6A–C).

Correlation of ASR with SDI

By investigating UCAs metrics across 21 regions, a slight 

correlation with the SDI was observed. Mortality and DALYs 

ASRs showed no significant correlation with SDI, with slightly 

positive (R = 0.022, P = 0.572) and weak negative correlations 

(R = −0.029, P = 0.455), respectively, both failing to reach 

statistical significance (Figures 7C,D). In contrast, a strong 

negative correlation was observed between incidence ASR and 

SDI (R = −0.322, P < 0.001) (Figure 7A). This trend persisted for 

prevalence ASR, which also demonstrated a negative correlation 

with SDI (R = −0.194, P < 0.001) (Figure 7B). A broader analysis 

of 204 countries and territories revealed different results for 

mortality and DALYs (Figures 8C,D). Both were negatively 

correlated with SDI (Mortality: RR = −0.194, P = 0.006; DALYs: 

R = −0.242, P < 0.001). Similarly, incidence and prevalence ASRs 

also exhibited negative correlations with SDI (Incidence: 

R = −0.349, P < 0.001; Prevalence: R = −0.268, P < 0.001) 

(Figures 8A,B).

Frontier analysis

In the comprehensive frontier analysis of SDI and ASRs for 

congenital UCAs across 204 countries and territories from 1990 

to 2021, varying trends were observed. For prevalence, ASRs 

generally showed a declining trend as SDI values increased from 

0.0 to 1.0. Similarly, incidence, mortality, and DALYs for UCAs 

also decreased with rising SDI values, indicating that as societies 

develop, the burden of UCAs tends to lessen.

Focusing on the frontier analysis results since 2021, clear 

distinctions between countries and territories became evident. 

For prevalence, 15 countries, including Botswana, Zimbabwe, 

and South Africa, among others, exhibited significantly higher 

FIGURE 4 

The APC and AAPC of ASR for deaths (A) and DALYs (B) by gender (both, female and male) in urogenital congenital anomalies at the global level based 

on the joinpoint regression analysis model.
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rates, far from the frontier (Figures 9A,B). In contrast, countries 

like Somalia, Niger, Chad, and Timor-Leste were closer to the 

frontier, suggesting optimal outcomes relative to their SDI 

levels. In mortality analysis, countries such as Afghanistan, 

Yemen, and Sudan showed substantial gaps from the frontier. 

Interestingly, some high-SDI countries, including Switzerland, 

FIGURE 5 

Global map of AAPC of ASR for prevalence (A), incidence (B), deaths (C) and DALYs (D) of urogenital congenital anomalies for both sexes by 204 

countries and territories in 2021.
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Germany, and Denmark, demonstrated relatively high effective 

differences at their stage of development (Figures 9E,F). Finally, 

for incidence and DALYs, countries like Somalia, Niger, Chad, 

and Timor-Leste displayed rates closer to the expected 

benchmarks set by the frontier, indicating better alignment with 

expectations based on their SDI levels (Figures 9C,D,G,H).

Cross-country health inequality analysis

The results of the study revealed significant absolute and 

relative income inequality in the incidence, prevalence, mortality 

and DALYs burden of UCAs, with the burden heavily 

concentrated in poor regions. Comparing data from 1990 to 

2021, the degree of health inequality between high-income and 

low-income countries has decreased over time. The 

concentration index for prevalence shifted from −0.22 in 1990 

to −0.26 in 2021, while the slope index of inequality between 

low- and high-SDI regions decreased from −108.694 in 1990 to 

−92.879 in 2021 (Figures 10A,B). Similarly, the concentration 

index for incidence changed from −0.30 in 1990 to −0.34 in 

2021, with the slope index of inequality reducing from −36.877 

in 1990 to −22.822 in 2021 (Figures 10C,D). For mortality, the 

concentration index ranged from −0.24 in 1990 to −0.31 in 

2021. However, the slope index of inequality for mortality did 

not show a significant reduction by 2021 (Figures 10E,F). 

Regarding DALYs, the concentration index shifted from −0.24 

in 1990 to −0.31 in 2021, with the slope index of inequality 

decreasing from −15.984 in 1990 to −12.677 in 2021 

(Figures 10G,H). These findings collectively indicate a reduction 

in the unequal burden of UCAs over time.

Discussion

From 1990 to 2021, the global prevalence of UCAs cases 

increased by 21% to 6.34 million, with ASRs rising by 3.69%. In 

contrast, incidence, deaths, and DALYs experienced declines in 

both absolute numbers and ASRs. Females exhibited higher 

rates of prevalence and incidence, whereas males had higher 

FIGURE 6 

Change in prevalence (A), deaths (B) and DALYs (C) of urogenital congenital anomalies decomposed by three population-level determinants: aging, 

population and epidemiological change at the global level and various regions. The black dots indicate the total value of change attributable to all 

three components.
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rates of mortality and DALYs. In 2021, Southern Sub-Saharan 

Africa recorded the highest prevalence, with significant regional 

disparities observed. High SDI levels were associated with better 

UCAs outcomes. Aging and population contributed more 

significantly to changes in prevalence. The frontier analysis of 

204 countries and territories from 1990 to 2021 revealed a 

general decline in UCAs prevalence as SDI levels increased. 

Countries such as Botswana and Zimbabwe reported higher 

prevalence rates, while Somalia and Niger performed better 

relative to their SDI levels. Interestingly, high-SDI countries like 

Singapore and Kuwait showed elevated prevalence rates. 

Additionally, the extent of health inequality across high-income 

and low-income decreased over the study period.

From 1990 to 2021, the global UCAs cases increased by 21%, 

while the incidence decreased by 6.25%. Simultaneously, mortality 

decreased by 23% and DALYs fell by 15%, collectively revealing a 

complex epidemiological profile for UCAs. This contrast suggests 

that, despite a declining incidence, the total number of UCAs cases 

has risen. Antenatal care and interventions likely contributed to 

reduced incidence (16, 17), whereas advancements in minimally 

invasive surgeries, including laparoscopic and robot-assisted 

procedure may lowered mortality and DALYs, extending patient 

survival and thereby expanding the prevalent patient population 

(18, 19). These insights provide a nuanced narrative of UCAs 

management: despite an overall rise in cases, there are 

encouraging signs of progress, highlighting opportunities for 

targeted healthcare strategies and further research.

Between 1990 and 2021, males consistently showed higher 

ASRs for mortality and DALYs, while females exhibited higher 

rates of incidence and prevalence, potentially due to anatomical 

differences and differences in the spectrum of UCAs (20). The 

observed divergence may be partially explained by the 

renoprotective effects of estrogen, which has been shown to 

mitigate progression of renal pathologies (21). Additionally, 

severe malformations more prevalent in males, such as posterior 

urethral valves associated with early-onset renal dysfunction, 

could contribute to this pattern (22, 23). Both sexes experienced 

a decline in incidence from 1990 to 2016, possibly linked to 

more effective medical interventions and heightened health 

awareness. However, the upward trend in incidence between 

2016 and 2021 warrants further investigation. Chen et al. 

identified significant positive correlations between UCAs burden 

and several air pollutants, notably sulfur dioxide (SO2), 

ammonia, and nitrogen oxides, which may underlie this recent 

epidemiological shift. Their findings recommend minimizing 

maternal exposure to ammonia and SO2 and emphasize 

FIGURE 7 

Pearson correlation analysis between the SDI and ASR of prevalence (A), incidence (B), deaths (C), and DALYs (D) for urogenital congenital anomalies 

across 21 regional levels from 1990 to 2021 (The cases of prevalence, incidence, deaths, and DALYs from 21 regions from 1990 to 2021 are 

represented by different shapes. The size of the shapes increased with the year of prevalence, incidence, deaths, and DALYs.).

Yue et al.                                                                                                                                                                10.3389/fped.2025.1584280 

Frontiers in Pediatrics 14 frontiersin.org



prioritizing air pollution control in public health monitoring 

policies (24). While global health strategies have successfully 

reduced the disease burden for both genders, females 

experienced greater declines in mortality and DALYs, suggesting 

that they may have benefited more from these medical 

advancements. Nonetheless, the rise in prevalence underscores 

the inEuence of population growth and incidence Euctuations, 

emphasizing the need for continued gender-specific research to 

optimize prevention and treatment strategies.

Over the past three decades, UCAs trends across regions and 

countries have highlighted the complex interplay of 

sociodemographic, economic, and healthcare determinants. The 

high prevalence in Southern Sub-Saharan Africa, compared to 

the much lower prevalence in Southeast Asia, underscores 

regional disparities driven by factors such as genetic 

predisposition, healthcare accessibility, and environmental 

inEuences (25–27). The substantial decline in East Asia may 

reEect improvements in healthcare systems, advancements in 

UCAs management strategies, and the effects of aging (28). 

China, as a major East Asian economy, demonstrated this 

progress through its 2016 Healthy China 2030. The nationally 

implemented measures, including universal preconception 

screening, subsidized genetic counseling and diagnostic testing 

for high-risk pregnancies, and expanded newborn screening 

coverage with broader disease panels, collectively achieved 

effective reduction in child health burdens attributable to 

congenital birth defects (29). Conversely, the rise in Oceania is 

likely attributable to population growth and improved screening 

capabilities (30). Eastern Europe’s sharp decline in mortality 

points to the effectiveness of its healthcare programs and the 

accessibility of timely treatment, whereas the surge in mortality 

in Oceania suggests potential gaps in healthcare services or 

emerging risk factors requiring further investigation.

At the national level, island nations in Oceania have seen 

increases in UCAs measures, potentially driven by factors such 

as child poverty, limited healthcare access, inadequate funding 

for pediatric research, and poor living conditions (31, 32). In 

contrast, countries like the Islamic Republic of Iran and the 

Kingdom of Sweden experienced significant reductions in 

mortality and DALYs, reEecting improvements in healthcare 

accessibility and sanitation (33, 34). The varying patterns 

observed across regions and countries underscore the 

FIGURE 8 

Pearson correlation analysis between the SDI and ASR of prevalence (A), incidence (B), deaths (C), and DALYs (D) for urogenital congenital anomalies 

at the country and territorial levels in 2021 (The cases of prevalence, incidence, deaths, and DALYs from 204 countries and territories in 2021 are 

represented by different color.
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importance of tailored health strategies that address the unique 

challenges and strengths of each region.

The relationship between SDI and UCAs outcomes showed a 

significant negative correlation, emphasizing the favorable impact 

of higher SDI on reducing incidence, prevalence, mortality, and 

DALYs for UCAs. This correlation likely reEects the benefits of 

stronger healthcare systems, reduced exposure to risk factors, 

and greater access to medical services in higher-SDI regions 

(35). The data affirm the critical role of sociodemographic 

progress in improving UCAs outcomes, highlighting the 

importance of prioritizing SDI improvements as a central goal 

in health policy (36).

The frontier analysis of SDI and ASRs for UCAs from 1990 to 

2021 provides key insights into global UCAs trends. The overall 

narrative illustrates a clear trajectory: as sociodemographic 

indicators improve, the burden of UCAs—whether measured by 

prevalence, mortality, or DALYs—tends to diminish. However, a 

closer examination of 2021 data reveals subtle differences 

between countries. Notably, countries like Singapore, Botswana, 

and Zimbabwe, despite their differing sociodemographic 

FIGURE 9 

Frontier analysis, represented by the solid black lines, explores the relationship between Socio-Demographic Index (SDI) and Age-Standardized Rate 

(ASR) for prevalence (A,B), incidence (C,D), deaths (E,F), and DALYs (G,H) in the context of urogenital congenital anomalies. The color gradient in 

graphs A,C,E, and G illustrates the progression of years, ranging from light shades representing 1990 to the darkest shades denoting 2021. In 

graphs B,D,F, and H each dot signifies a specific country or territory for the year 2021, with the top 15 countries displaying the most significant 

deviation from the frontier labeled in black. Countries with low SDI and minimal deviation from the frontier are highlighted in blue, while those 

with high SDI and notable deviation for their developmental level are emphasized in red. The direction of change from 1990 to 2021 in ASR is 

indicated by the color of the dots: decrease dots represents a decrease, while increase dots signifies an increase.
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contexts, experienced declining prevalence over 30 years but 

remain far from the optimal frontier. In contrast, countries like 

Somalia, Niger, and Chad—often facing significant sociopolitical 

challenges—appear to perform better than expected relative to 

their SDI levels, coming closer to the frontier benchmarks. This 

divergence highlights the multifaceted nature of healthcare 

outcomes, indicating that while SDI is a critical determinant, 

other factors—whether environmental, genetic, or healthcare 

system-related—also play key roles in shaping UCAs trends.

Our study has some limitations. While we have endeavored to 

provide a comprehensive analysis, data accuracy and consistency 

across regions may vary, with particular challenges arising from 

FIGURE 10 

Health inequality regression curves and concentration curves for the prevalence (A,B), incidence (C,D), deaths (E,F) and DALYs (G,H) of urogenital 

congenital anomalies.
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data gaps in low-resource settings, introducing potential bias or 

inaccuracies. Additionally, our historical scope, incorporating 

data from 1990, may be inEuenced by evolving diagnostic 

criteria and medical technologies over time. Furthermore, the 

modeling assumptions used in data synthesis and estimation 

carry inherent potential biases, and the lack of primary data 

precludes direct clinical validation of the estimates. Thus, while 

our findings offer valuable insights into global UCAs trends, 

they should be interpreted with caution, acknowledging the 

subtle complexities and potential biases inherent in the broader 

context of our research.

Conclusion

Our study underscores significant patterns associating UCAs 

with socio-demographic factors, providing valuable insights for 

shaping health policies and practices. The findings reveal that 

regions with higher socio-demographic indices experience fewer 

UCAs-related mortalities and improved outcomes, although 

inequities remain evident. Given the persistent global burden of 

UCAs, the importance of ongoing surveillance and adaptable 

healthcare strategies is clear. Achieving meaningful reductions in 

the impact of UCAs will necessitate sustained research efforts 

and proactive healthcare interventions.
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