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Background: The global health burden faced by women remains underappreciated, particularly with regard to urologic diseases.
Purpose: This study aims to assess the patterns and temporal trends of four major urinary conditions in women including urinary tract
infections (UTIs), urolithiasis, kidney cancer, and bladder cancer from 1990 to 2021.

Patients and Methods: We obtained data from the Global Burden of Disease (GBD) Study 2021, which provides estimates of
incidence and disability-adjusted life years (DALY's) for urologic diseases in women across 204 countries and territories from 1990 to
2021. To assess temporal trends, we calculated the estimated annual percentage change (EAPC) in age-standardized incidence rates
(ASRs) by region. Age-specific patterns were further evaluated through stratified analyses of incidence and DALY across the life
course.

Results: In 2021, the global incidence of urologic diseases in women continued to rise. Country- and region-specific analyses revealed
diverse trends in incidence rates and DALYs. Analysis of the EAPC in 2021 showed a positive correlation between the age-
standardized death rate (ASDR) of UTIs and the Human Development Index (HDI), whereas bladder cancer ASDR was negatively
correlated with HDI. Risk factor analysis indicated that smoking and poor metabolic health exacerbate the burden of kidney and
bladder cancers. Additionally, both DALYs and incidence rates varied markedly across age groups. While the age-standardized
incidence rates (ASIR) and ASDR for urolithiasis remained relatively stable over time, UTIs, as well as kidney and bladder cancers
showed a slight increase projected beyond 2032.

Conclusion: The burden of four major urologic diseases in women constitutes a significant global public health challenge. The
diverse disease patterns underscore the importance of developing tailored, country-specific prevention and healthcare strategies based
on local risk factor profiles. Our findings offer critical evidence to guide targeted public health policies.
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Introduction

Urologic diseases represent a major public health concern for women worldwide.! These include both nonmalignant and
malignant conditions such as urinary tract infections (UTIs), urolithiasis, kidney cancer, and bladder cancer, which are
highly prevalent and associated with substantial morbidity and disability. Although urologic trauma related to obstetric
complications is an important issue in some low-resource settings, data on its burden remain limited.> Accordingly, this
study focuses on four major urologic diseases in women: UTIs, urolithiasis, kidney cancer, and bladder cancer. UTIs
affect more than 40% of women during their lifetime, with Escherichia coli being the most common pathogen.** A prior
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history of urinary tract infections is one of the strongest risk factors for future UTIs.” Approximately 30% of women
experience recurrent infections within six months. Rising antimicrobial resistance has diminished the effectiveness of
standard antibiotic treatments, prompting interest in alternative preventive strategies, such as vaginal estrogen and
lactobacillus-containing probiotics in postmenopausal women.® Meanwhile, the burden of urolithiasis has also increased,
particularly among women.” Compared to nulliparous women, pregnant women under 50 years of age face more than
double the risk of stone formation.® Contributing factors include metabolic syndrome, dietary habits, weight loss
interventions, hypercalciuria, and environmental and socioeconomic conditions, all of which have been linked to elevated
risk of stone recurrence.’ "’

Kidney and bladder cancers are two other urologic diseases with rising incidence in women. Kidney cancer is now the
ninth most common cancer among women globally, with incidence rates increasing by 2—3% per year between 2015 and
2019.'% Alarmingly, mortality rates for kidney cancer are twice as high in Native American individuals compared to
individuals of White descent.'® Risk factors for kidney cancer include smoking, alcohol consumption, overweight or
obesity, and hypertension.'* For bladder cancer, smoking remains a major modifiable risk factor, responsible for
approximately 50% of cases in men and 40% in women in the United States.' While the overall incidence and mortality
remain higher in men, women who are active or passive smokers still face significant risk.'> Additionally, emerging
evidence implicates occupational exposures, specific dietary habits, microbiome dysbiosis, gene—environment interac-
tions, diesel exhaust, and pelvic radiotherapy in bladder cancer development.'® These disparities highlight the complex
interplay of biological, behavioral, and social factors in shaping disease burden.

Despite the considerable health impact of these urologic diseases, up-to-date, sex-specific epidemiological data are
scarce. Regional and national differences in incidence and outcomes are influenced by healthcare access, sociodemo-
graphic development, and environmental exposures.'’ To address this gap, we used data from the Global Burden of
Disease Study 2021 to systematically evaluate the incidence and disability-adjusted life years (DALYs) of UTIs,
urolithiasis, kidney cancer, and bladder cancer in women across 204 countries and territories from 1990 to 2021.'%2°
This analysis aims to uncover global patterns and temporal trends of four major urinary conditions in women to support
evidence-based public health strategies and inform future research and clinical practice.

Patients and Methods

Data Source and Screening

This study utilized data from the Global Burden of Disease (GBD) Study 2021, which systematically estimates the
incidence, mortality, DALYs, and age-standardized rates for 371 diseases and injuries across sexes, age groups, and 204
countries and territories worldwide.'® GBD 2021 employed three core analytical tools—Cause of Death Ensemble Model
(CODEm), Spatiotemporal Gaussian Process Regression (ST-GPR), and DisMod-MR 2.1—to synthesize data and
generate consistent estimates of disease burden.'®%°

For the present analysis, we extracted data specific to four major urologic diseases in women—urinary tract
infections, urolithiasis, kidney cancer, and bladder cancer. We extracted global-level data to analyze overarching trends.
For more detailed national and subregional comparisons, we selected Western Europe, China, and North Africa and the
Middle East as representative regions based on their geographic diversity, data availability, and distinct epidemiological
profiles of urologic diseases. “Incidence” and “DALYs” were chosen as the primary measures of disease burden. To
provide a comprehensive overview, we examined age- and year-specific incidence and DALY rates for each of the four
conditions across the selected regions.

The Socio-demographic Index (SDI), a composite indicator reflecting income per capita, average educational
attainment, and fertility rates, was included to account for variations in development level, given its strong association
with health outcomes.?' Using GBD 2021 data, countries and territories were categorized into five groups based on SDI:
high, high-middle, middle, low-middle, and low. Additionally, the Human Development Index (HDI), a composite
measure of overall human development obtained from the United Nations Development Programme, was employed.**
Correlation analyses between GBD data and HDI were conducted to examine the relationship between human develop-
ment and disease burden.”® Risk factor attribution was based on the GBD’s comparative risk assessment framework,
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which comprises six key steps to estimate the proportion of disease burden attributable to modifiable risk exposures.**
This framework enabled further insight into the global patterns and drivers of urologic disease burden in women.

Statistical Analysis
The age-standardized rate (ASR), was used to account for differences in age structures between populations and over
time. It was calculated using the following formula:

Z?:l aiw;
ASR = == —— x 100,000
2 Wi
In the equation, a; represents the age-specific rate in the i™ age group, and w; denotes the count of individuals in the same
age group based on the GBD 2021 standard population.'®
To evaluate temporal trends in the burden of urologic diseases in women, we calculated the estimated annual
p g
percentage change (EAPC) in age-standardized incidence rate (ASIR) and age-standardized DALY rate (ASDR) from
1990 to 2021.>> EAPC was derived from a linear regression model fitted to the natural logarithm of the ASR,
specified as:

In(rate) = a + f x (calendar year) + ¢
EAPC was then defined as:
EAPC = 100 x (exp(f) — 1)

The 95% confidence interval (CI) of the EAPC was also obtained from the regression model.”® We interpreted a trend
as statistically significant if both the EAPC and its 95% CI were either entirely above or entirely below zero. If the 95%
CI included zero, the trend was considered statistically insignificant.

Finally, to project trends through 2046, we conducted an age—period—cohort (APC) analysis using the “Nordpred”
package in R. This approach considers both demographic changes and temporal trends and has been well-established in
previous studies.?’ All statistical analyses were performed using R software (version 4.3.2), and rates were expressed per
100,000 population. Statistical significance was determined using a p value of <0.05.

Results

Global and Regional Patterns in the Burden of Urologic Diseases in VWomen

In 2021, the global incidence of urologic diseases in women showed a notable increase. The estimated number of new
cases was 35,718.97 x 10° for UTIs (95% UI: 31,808.47-39,914.82), 3,487.81 x 10° for urolithiasis (95% UI: 2,913.36-
—4,247.25), 13.52x10° for kidney cancer (95% UI: 12.41-14.42), and 12.26 x 10° for bladder cancer (95% UI:
10.82-13.39). To better capture temporal trends while accounting for population growth and changes in age distribution,
age-standardized rates (ASRs) were utilized. Analysis of the ASIR and ASDR from 1990 to 2021 revealed heterogeneous
trends across different diseases.

The ASIR of UTIs remained relatively stable globally with EAPC of 0.03 (95% CI 0.02 to 0.05), whereas its ASDR
generally declined with EAPC of —0.6 (95% CI: —0.76 to —0.25), except in China where a slight upward trend was
observed. For urolithiasis, both the ASIR and ASDR declined steadily over the study period, with a global ASIR EAPC
of —0.16 (95% CI —0.19 to —0.14) and ASDR EAPC of —0.26 (95% CI —0.35 to —0.08). In contrast, the ASIR for kidney
cancer remained relatively stable with EAPC of 0.04 (95% CI —0.03 to 0.12), while its ASDR significantly decreased
with EAPC —0.23 (95% CI —0.30 to —0.13). For bladder cancer, both ASIR and ASDR showed a favorable and consistent
downward trend, with an ASIR EAPC of —0.15 (95% CI —0.22 to —0.07) and ASDR EAPC of —0.31 (95% CI —0.38 to
—0.22). These results are detailed in Table 1.

National and Subregional Trends in the Burden of Urologic Diseases in VWomen
At the national level, the ASDR for UTIs has declined in most countries or regions worldwide, with China showing the
most pronounced decrease (EAPC: —0.60; 95% CI: —0.76 to —0.25). In contrast, several countries in North Africa and
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Table | Global Incidence and DALYs of Four Female Genitourinary Diseases from 1990 to 2021

1990

2021

1990-2021

Incident Cases

Number x 10° (95% UI)

ASIR per 100,000
Number (95% UI)

ASDR per 100,000
Number (95% UI)

Incident Cases

Number x 10° (95% UI)

ASIR per 100,000
Number (95% UI)

ASDR per 100,000
Number (95% UI)

EAPC per 100,000
(ASIR) (95% CI)

EAPC per 100,000
(ASDR) (95% CI)

Uri

nary tract infections

Global

21741.98(19433.76 to 24145.7)

8521.02(7671.13 to 9490.08)

73.82(64.39 to 81.29)

35718.97(31808.47 to 39914.82)

8788.32(7848.25 to 9795.38)

85.16(75.38 to 93.5)

0.03(0.02 to 0.05)

0.15(0.05 to 0.25)

Socio-demographic index

Low SDI
Low-middle SDI
Middle SDI
High-middle SDI
High SDI

1597.52(1401.07 to 1807.34)
5260.49(4639.57 to 5913.38)
5590.81(4990.61 to 6205.58)

3855.8(3480.01 to 4274.62)
5416.9(4886.6 to 5972.79)

7736.15(6856.7 to 8697.29)
10388.05(9220.9 to 11690.95)
6976.27(6285.27 to 7748.97)

7050.32(6380.05 to 7824.9)
11518.1(10344.26 to 12750.08)

166.38(138.4 to 197.2)
120.04(95.7 to 138.19)
55.22(48.78 to 62.84)
47.48(43.91 to 51.38)
42.93(38.87 to 46.37)

3692.99(3209.1 to 4196.42)
10474.98(9228.08 to 11846.39)
10734.24(9571.37 to 11962.49)

4475.21(4030.6 to 4971.84)

6315.99(5745.55 to 6961.69)

7832.06(6873.57 to 8922.98)
11075.12(9792.82 to 12441.79)
8325.95(7451.43 to 9251.88)
6449.15(5780.86 to 7174.86)
10672.71(9617.76 to 11808.42)

140.14(116.51 to 161.66)
13551(111.58 to 157)
75.92(68.15 to 83.84)
48.14(43.74 to 52.71)
52.24(46.4 to 57.23)

0.01(~0.02 to 0.05)
0.07(0.04 o 0.1)
0.19(0.17 t0 0.22)

~0.09(-0.11 to —0.06)

~0.07(-0.09 to —0.05)

~0.16(~0.28 to 0.01)
0.13(-0.06 to 0.36)
0.38(0.18 t0 0.5)
0.01(-0.07 to 0.1)
0.22(0.15 to 0.28)

Region

Western Europe
China
North Africa and Middle East

3017.54(2681.8 to 3379.32)

1235.97(1086.51 to 1414.39)

1029.9(903.45 to 1184.1)

14843.56(13105.48 to 16762.1)
2229.33(1967.6 to 2532.69)
6301.8(5568.22 to 7094.11)

31.12(27.29 to 35.38)
24.1(15.75 to 31.42)
43.14(34.86 to 67.5)

2899(2572.75 to 3275.04)
1811.23(1598.1 to 2042.17)
1997.18(1743.94 to 2285.22)

13,547.2(11,840.61 to 15502.07)
2084.82(1849.71 to 2358.64)
6495.68(5700.31 to 7411.32)

47.5(41.34 to 53.4)
9.63(7.09 to 14.36)
45(37.93 to 52.25)

~0.09(-0.12 to —0.05)
~0.06(~0.09 to —0.04)
0.03(-0.01 to 0.07)

0.53(0.38 to 0.66)
~0.6(-0.76 to ~0.25)
0.04(-0.3 to 0.27)

Urolithiasis

Global

2277.82(1877.86 to 2787.47)

976.21(805.56 to 1203.52)

8.59(6.24 to 10.47)

3487.81(2913.36 to 4247.25)

815.16(681.11 to 994.58)

6.37(5.06 to 7.79)

~0.16(-0.19 to —0.14)

~0.26(-0.35 to —0.08)

Socio-demographic index

Low SDI
Low-middle SDI
Middle SDI
High-middle SDI
High SDI

114.85(92.41 to 142.6)
337.49(272.86 to 421.38)
580.21(477.37 to 721.69)
744.03(610.47 to 907.46)
498.75(405.13 to 615.34)

652.39(530.85 to 815.79)
759.44(621.56 to 939.23)
851.73(695.65 to 1066.59)
1337.01(1092.01 to 1642.11)
968.84(785.78 to 1201.57)

6.53(4.02 to 9.83)
9.29(4.64 to 13.4)
8.66(4.99 to 10.91)
11.11(9.36 to 13.06)
5.52(4.59 to 6.7)

277.5(223.99 to 343.42)
718.89(589.11 to 888.93)
1102.39(911.86 to 1357.63)
819.49(680.74 to 985.06)
566.79(471.85 to 682.49)

648.86(532.79 to 804.08)
775.17(637.26 to 954.74)
783.75(651.62 to 963.68)
926.46(778.96 to 1110.71)
773.91(650.34 to 932.95)

5.05(3.57 to 8.12)
8.54(5.77 to 11)
5.96(4.49 to 7.28)
6.31(5.23 to 7.87)
476(3.99 to 5.76)

~0.01(-0.03 to 0.02)
0.02(0 to 0.04)
~0.08(-0.11 to —0.04)
~0.31(-0.33 to —0.28)
~0.2(-0.24 to ~0.16)

~023(-0.41 to 0.16)
~0.08(-0.31 to 0.44)
~031(~0.44 to 0.08)
~0.43(-0.49 to —0.36)
~0.14(-0.18 to ~0.07)

Western Europe
China
North Africa and Middle East

197.23(160.67 to 244.55)
467.43(380.6 to 587.92)
51.28(40.79 to 64.59)

814.21(662.69 to 1016.42)
938.07(751.77 to 1178.76)
408.65(325.93 to 517.09)

491(4.11 t0 5.9)
10.23(5.01 to 14.19)
2.84(1.8 to 3.74)

238.54(196.08 to 290.79)
581.97(469.75 to 738.04)
129.52(103.75 to 164.84)

809.41(673.75 to 988.2)
582.9(475.78 to 724.02)
437.42(348.92 to 552.78)

4.09(3.28 to 5.15)
3.43(2.29 to 4.49)
3.21(1.86 to 4.23)

~0.01(-0.05 to 0.03)
~0.38(~0.4 to ~0.35)
0.07(0.05 to 0.09)

~0.17(~0.23 to —0.08)
~0.66(~0.76 to ~0.4)
0.13(-0.18 to 0.38)
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Kidney cancer

Global

6.34(6.01 to 6.63)

2.87(2.73 to 2.99)

37.4(34.75 to 40.19)

13.52(12.41 to 14.42)

3(2.76 to 3.2)

28.9(26.59 to 31.26)

0.04(~0.03 to 0.12)

~0.23(-0.3 to —0.13)

Socio-demographic index

Low SDI
Low-middle SDI

0.13(0.08 t0 0.2)
0.25(0.2 t0 0.31)

0.68(0.51 to 0.95)
0.6(0.53 t0 0.71)

19.44(13.32 to 28.85)
13.66(11.54 to 16.76)

031(0.23 to 0.4)
0.77(0.68 to 0.86)

0.84(0.65 to 1.08)
0.96(0.86 to 1.07)

18.02(13.75 to 23.16)
15.95(14.27 to 17.86)

0.25(~0.02 to 0.82)
0.59(0.32 to 0.88)

~0.07(-0.3 to 0.5)
0.17(~0.06 to 0.47)

Middle SDI
High-middle SDI
High SDI

0.72(0.65 to 0.81)
1.98(1.87 to 2.06)
3.26(3.08 to 3.39)

1.13(1.03 to 1.24)
3.59(3.39 to 3.75)
5.44(5.19 to 5.64)

22.51(20.24 to 24.88)
48.36(45.27 to 51.35)
55.25(52.9 to 57.14)

2.22(1.97 to 2.46)
42(3.83 to 4.57)
6.02(5.39 to 6.4)

1.61(1.42 to 1.78)
4.17(3.79 to 4.55)
587(541 t0 6.18)

20.33(18.11 to 22.32)
35.55(32.3 to 39.04)
41.72(38.36 to 44.13)

0.43(0.2 to 0.67)
0.16(0.06 to 0.29)
0.08(0.03 to 0.13)

~0.1(-0.24 to 0.06)
~0.26(~0.34 to —0.17)
~0.24(-0.28 to —0.21)

Region

Western Europe
China
North Africa and Middle East

1.67(1.56 to 1.78)
0.63(0.52 to 0.76)
0.21(0.16 to 0.28)

5.41(5.1 to 5.76)
1.36(1.14 to 1.65)
1.61(1.29 to 2.01)

59.99(56.78 to 63.59)
27.63(2331 t0 33.3)
21.53(16.85 to 27.21)

2.89(2.55 to 3.16)
1.93(1.42 to 2.51)
0.68(0.57 to 0.79)

6.36(5.8 to 6.87)
1.95(1.44 to 2.52)
2.63(2.21 to 3.05)

45.13(41.62 to 48.53)
18.45(13.63 to 23.83)
20.28(16.91 to 23.74)

0.18(0.09 to 0.27)
0.43(-0.04 to 1.02)
0.63(0.26 to 1.21)

~025(-0.3 to ~0.2)
~0.33(-0.55 to —0.05)
~0.06(-0.26 to 0.26)

Bladder cancer

Global

6.43(5.93 to 6.77)

3.11(2.86 to 3.28)

33.59(30.79 to 36.03)

12.26(10.82 to 13.39)

2.64(2.34 to 2.89)

23.29(20.96 to 25.51)

~0.15(-0.22 to —0.07)

~0.31(-0.38 t0 —0.22)

Socio-demographic index

Low SDI

021(0.17 to 0.25)

2.02(1.69 to 2.4)

36.88(30.41 to 44.2)

0.45(0.4 to 0.52)

1.89(1.65 to 2.18)

30.71(26.8 to 35.56)

~0.06(-0.22 t0 0.17)

~0.17(~0.31 to 0.06)

Low-middle SDI 0.36(0.31 to 0.4) 1.26(1.11 to 1.42) 21.75(19.17 to 24.83) 0.86(0.77 to 1.04) 1.19(1.06 to 1.44) 17.48(15.67 to 20.85) —0.06(-0.18 to 0.12) —0.2(-0.31 to —0.04)
Middle SDI 0.82(0.71 to 0.93) 1.62(1.42 to 1.84) 25.97(22.58 to 29.67) 2.03(1.79 to 2.34) 1.47(1.29 to 1.69) 16.61(14.74 to 19.04) ~0.09(-0.26 to 0.13) —0.36(-0.48 to -0.2)
High-middle SDI 1.63(1.49 to 1.74) 2.93(2.68 to 3.13) 33.71(30.31 to 36.65) 3.1(2.69 to 3.46) 2.8(244 t0 3.13) 23.23(20.28 to 25.93) ~0.04(-0.15 to 0.08) ~0.31(-0.4 to -0.21)
High SDI 3.42(3.13 t0 3.57) 5.14(4.75 to 5.35) 41.22(38.28 to 43.1) 5.8(4.99 to 6.26) 4.86(4.31 to 5.19) 31.14(27.56 to 33.33) —0.05(-0.1 to -0.02) —0.24(-0.29 to -0.21)
Region

Western Europe
China
North Africa and Middle East

1.94(1.77 to 2.04)
0.96(0.77 to 1.18)
0.19(0.16 t0 0.21)

5.4(4.99 to 5.64)
2.4(1.93 to 2.93)
2.36(2.03 to 2.72)

49.63(46.2 to 51.75)
37.4(30.27 to 45.65)
37.17(31.74 to 43.25)

2.68(2.29 to 2.92)
2.05(1.56 to 2.59)
0.44(0.39 to 0.51)

4.89(4.32 to 5.26)
1.89(1.44 to 2.39)
2.13(1.89 to 2.45)

34.42(30.47 to 37)
17.83(13.67 to 22.74)
2422(21.45 to 27.86)

~0.09(-0.15 to —0.05)
~021(-044 t0 0.11)
~0.1(-0.24 to 0.1)

~0.31(-0.35 to —0.27)
~0.52(-0.67 to —0.32)
~0.35(-0.45 to ~0.21)
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Figure | Global and regional variations in the EAPC of ASDR for urologic diseases in women. (A) Urinary tract infections. (B) Urolithiasis. (C) Kidney cancer. (D) Bladder
cancer.

South America, such as Argentina, Uruguay, and Kuwait, have experienced a rapid increase in ASDR (Figure 1A). For
urolithiasis, the ASDR has increased in several countries, including Libya, Brazil, and Guyana, whereas Czechia
recorded the fastest decline (EAPC: —0.73; 95% CI: —0.80 to —0.65) (Figure 1B). Regarding kidney cancer, although
the ASDR is generally decreasing, the rate of decline is relatively modest. Sri Lanka leads in the reduction trend with an
EAPC of —0.79 (95% CI: —0.87 to —0.67) (Figure 1C). As for bladder cancer, some countries show substantially faster
declines in ASDR than others, with Mongolia, Mauritius, and Egypt ranking in the top three (Figure 1D). Overall, China
stands out globally for achieving substantial reductions in the ASDR across all four major urologic diseases in women,
with an EAPC of —0.60 (95% CI: —0.76 to —0.25) for urinary tract infections, —0.66 (95% CI: —0.76 to —0.40) for
urolithiasis, —0.52 (95% CI: —0.67 to —0.32) for kidney cancer, and —0.33 (95% CI: —0.55 to —0.05) for bladder cancer.

Correlation Among EAPC, ASR, and HDI

In the correlation analysis between the ASR and the EAPC from 1990 to 2021 for urologic diseases in women, a notable
negative correlation was observed between the ASDR of UTIs and the corresponding EAPC in 1990 (cor=—0.3184,
p<0.0001), while a positive correlation emerged by 2021 (cor=0.2299, p=0.0009) (Figure 2A). A similar trend was found
for urolithiasis, with a negative correlation in 1990 (cor=—0.3376, p<0.0001) and a positive correlation in 2021
(cor=0.2236, p=0.0013) (Figure 2B). In contrast, for urologic cancers, including kidney and bladder cancer, significant
negative correlations were noted in 1990 between ASIR/ASDR and EAPC, but no significant correlations were found in
2021 (Figure 2C and D). Regarding the association between EAPC and the Human Development Index (HDI) in 2021,
a positive correlation was observed between the ASDR and EAPC for UTI (cor = 0.2546, p = 0.0013), and a negative
correlation for bladder cancer (cor = —0.1810, p = 0.0233). No statistically significant associations were identified for
other diseases (Figure 2E-H).
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Current Age-Specific Burden of Urologic Diseases in Women

Figure 3 illustrates the global age-specific distribution of incidence and DALYs for four major urologic diseases in
women in 2021. Non-neoplastic diseases displayed pronounced differences in age patterns. The incidence of UTIs
peaked between ages 3034, with approximately 37 million new cases. Conversely, urolithiasis peaked later, around ages
55-59, reaching nearly 50 million cases. Regarding incidence rates, UTIs demonstrated a bimodal distribution, with the
first peak in middle-aged adults (25-54 years) and a second sharp increase among individuals older than 85, exceeding
10,000 per 100,000 population. The incidence rate pattern for urolithiasis mirrored its case distribution, peaking similarly
in the 55-59 age group (Figure 3A).

The age distribution of DALY's for UTIs followed a bimodal trend, with a pronounced peak in the 15-24 age group,
followed by a decline and then a second rise, reaching the highest burden in the 7074 age group. In contrast, the DALY's
burden for urolithiasis steadily increased until 55-59 years, then gradually declined. In terms of DALY rates, both UTIs
and urolithiasis showed a general increase with age, with UTIs displaying a marked surge after age 85 (Figure 3B).

Due to the life-threatening nature of kidney and bladder cancers, both diseases exhibited similar age-related patterns
in incidence and DALYSs. Peaks were observed in the 65-79 age range, with the burden consistently increasing with age.
Notably, kidney cancer showed a minor uptick in incidence between ages 2—10, and the corresponding DALY's among
individuals aged 2—19 showed a negative correlation with age (Figure 3C and D).

Figure 4 presents the EAPC in age-specific DALY rates across different regions from 1990 to 2021. For UTIs, China
experienced declines in all age groups, while many other regions, particularly high-middle SDI areas, showed a pattern of
decreasing burden in younger groups and increasing burden in the oldest age groups, peaking at an EAPC of 2.48 in
individuals aged 95 and older (Figure 4A). Urolithiasis showed an overall decreasing trend in most age groups globally,
especially in China. However, an increasing trend in DALY rates after age 35 was observed in North Africa and the
Middle East (Figure 4B). For kidney cancer, most age groups in low, low-middle, and middle SDI regions demonstrated
an increasing trend in DALY rates (Figure 4C). In contrast, bladder cancer presented a more favorable picture: DALY
rates declined across nearly all regions and age groups, except among individuals older than 95, where a slight increase
was noted (Figure 4D).

Composition of Incident Cases and Risk-Attributable DALY's for Urologic Diseases in

Women

The composition of incident cases and risk-attributable DALY's for major urologic diseases in women in 1990 and 2021
was analyzed (Figure 5). In 2021, among non-neoplastic urologic diseases in women, urinary tract infections (UTIs)
accounted for a significantly higher proportion of global incident cases compared to urolithiasis (91.1% vs 8.9%).
However, in China, urolithiasis contributed a relatively higher proportion than the global average, with UTIs and
urolithiasis accounting for 75.7% and 24.3% of cases, respectively (Figure 5A). For urologic cancers, kidney cancer
represented a slightly greater share of incident cases globally than bladder cancer (52.5% vs 47.5%). This disparity was
particularly pronounced in North Africa and the Middle East (60.5% vs 39.5%). In contrast, low Socio-demographic
Index (SDI) regions demonstrated the opposite pattern, with bladder cancer comprising a higher proportion (59.6% vs
40.4%) (Figure 5B). Longitudinal trends from 1990 to 2021 indicate that the global proportion of UTIs among non-
neoplastic urologic diseases has continued to rise. Meanwhile, the proportion of kidney cancer among urologic
malignancies has increased across all SDI regions.

In 2021, the leading attributable risk factor for kidney cancer was high body mass index (BMI), accounting for 85.0%
of the DALYs, followed by smoking (14.8%) and occupational carcinogens (0.2%) (Figure 5C). The contribution of
smoking was highest in high-SDI and Western European countries (23.3% and 23.2%, respectively). Risk factors for
bladder cancer showed marked regional variation: in low-SDI and North Africa/Middle East regions, high fasting plasma
glucose was the predominant risk factor (62.8% in North Africa and the Middle East), whereas in high-SDI and Western
Europe, smoking was the leading contributor (69.1% and 71.9%, respectively) (Figure 5D). Compared to 1990, the
contribution of high BMI to kidney cancer burden increased in 2021, while the role of high fasting plasma glucose as
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Figure 4 EAPC in DALY rates for urologic diseases in women by age group and region, 1990-2021. (A) Urinary tract infections. (B) Urolithiasis. (C) Kidney cancer. (D)
Bladder cancer.

a risk factor for bladder cancer also rose. Consequently, the proportion of urologic cancer-related DALY's attributable to

smoking among women has declined.

Projections of Global Incidence and DALY Rates of Urologic Diseases in VWWomen

We projected the trends in ASIR and ASDR for four major urologic diseases in women worldwide from 2021 to 2046
(Figure 6). For UTIs, both the ASIR and ASDR are expected to remain relatively stable over the next decade, with
a modest upward trend anticipated after 2032 (Figure 6A). In the case of urolithiasis, projections suggest that both ASIR
and ASDR will remain stable throughout the forecast period, without significant fluctuation (Figure 6B). For malignant
urologic conditions, the predicted trajectories for kidney and bladder cancers show a slight initial decline in both ASIR
and ASDR, followed by a mild increase in subsequent years. However, the magnitude of these changes is relatively
small, indicating a generally stable burden over time (Figure 6C and D).

Discussion

In recent years, women’s urologic health has gained increasing global attention due to its growing prevalence and
associated healthcare burden. These diseases pose substantial challenges to public health systems and call for urgent,
coordinated responses.”® Using data from the Global Burden of Disease Study 2021, we systematically assessed the
incidence and DALY for UTIs, urolithiasis, kidney cancer, and bladder cancer in women across global, regional, and
national levels from 1990 to 2021.

These four urologic diseases display two distinct epidemiological patterns—non-malignant conditions like UTIs and
urolithiasis, and malignant ones like kidney and bladder cancers. UTIs remain a major public health concern among
women due to their high prevalence and potential complications.*” Our findings indicate that although the ASDR for
UTIs has remained stable in most regions, the absolute number of cases has risen significantly, likely driven by
population growth, aging, and the heightened susceptibility of elderly women.*° This is consistent with the findings of
Yang et al, who reported a rising incidence of UTIs associated with aging populations.”’ Cognitive impairment,
incontinence, and diminished functional capacity—common among older women—are established risk factors for
UTIs.*** Notably, several South American countries experienced a marked rise in UTI-related ASDR, possibly due
to the increased prevalence of multidrug-resistant infections.** Correlation analyses further revealed shifting trends in
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Figure 6 Predicted trends in incidence and DALY rates for urologic diseases in women from 2021 to 2046. (A) Projected age-standardized incidence rates for non-
neoplastic urologic diseases. (B) Projected age-standardized DALY rates for non-neoplastic urologic diseases. (C) Projected age-standardized incidence rates for neoplastic
urologic diseases. (D) Projected age-standardized DALY rates for neoplastic urologic diseases.

burden disparities. In 1990, a negative association was observed between baseline ASDR and EAPC, suggesting
convergence across countries. However, by 2021, this relationship reversed, possibly reflecting inequities in healthcare
access. A similar trend was observed in urolithiasis, whereas it is less pronounced in kidney and bladder cancers.
Additionally, UTI-related ASDRs positively correlated with HDI, potentially due to the higher prevalence of resistant
pathogens in high-income settings.>

Although the overall burden of urolithiasis appears stable or declining, an upward trend is evident in tropical and hot-
climate regions, possibly linked to dehydration, dietary factors, and environmental exposures.*®>® This finding aligns
with Wang et al’ s findings on climate-related risk for stone formation.** The highest burden was noted among women
aged 50-59, suggesting a possible link to menopause, which may increase urinary calcium excretion and thereby the risk
of stone formation as suggested by Prochaska et al*®*' Future projections indicate a relatively stable burden, likely
supported by advances in surgical and minimally invasive treatment options.**

Urologic cancers show distinct epidemiological trajectories. Kidney cancer has surpassed bladder cancer as the
leading malignant urologic disease in women in regions such as North Africa and the Middle East. ASDRs for both
kidney and bladder cancers were negatively associated with HDI, underscoring the disproportionate burden in low-
resource settings due to delayed diagnosis and limited treatment access.® The long-term cancer control successes
observed in North America, Oceania, and parts of Europe emphasize the importance of early detection and effective
treatment.** While these cancers primarily affect older populations, kidney cancer also contributes substantially to
DALYs in children, likely due to nephroblastoma and early-onset clear cell carcinoma.*’

Among modifiable risk factors, smoking remains the predominant contributor to DALYs from female bladder and
kidney cancers. Despite a global decline in smoking prevalence since 1990, it continued to account for the largest share
of bladder cancer-related DALYs in women throughout the study period. This highlights the persistent need for robust
tobacco control policies, especially targeting youth and secondhand smoke exposure.*®*” Although men are generally at
higher risk for bladder cancer, women tend to be diagnosed at more advanced stages.*™*’ Sex differences in tumor
detection may contribute to these disparities, with men more likely to receive early diagnosis.’® Emerging evidence also
suggests that sex hormones and their receptors may influence tumorigenesis and progression.’' > These findings
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underscore the necessity of gender-specific prevention and treatment strategies to reduce sex-based disparities in cancer
outcomes. In addition, obesity, particularly abdominal obesity, is a well-documented risk factor for kidney cancer, with
obese individuals showing a 1.32-fold higher risk than their non-obese counterparts.’*> We also observed an increasing
contribution of elevated fasting plasma glucose to bladder cancer DALYSs, pointing to the growing global burden of
metabolic syndrome.>® Strong evidence supports the role of lifestyle interventions, such as physical activity and balanced
diets, in mitigating cancer risk.”’® Therefore, alongside anti-smoking measures, strategies to enhance metabolic health
including diabetes management and nutritional guidance should be prioritized in future cancer control efforts targeting
women.

While our study offers the most recent GBD-based estimates on the global burden of four common urologic diseases
in women, it is subject to several limitations. First, like all GBD studies, the quality and completeness of data vary across
countries, particularly in low- and middle-income settings where robust epidemiological data are often lacking. Biases in
diagnostic criteria and data reporting in primary studies also affect accuracy.'® 2*** Second, the impact of the COVID-19
pandemic introduces uncertainty in mortality estimates, especially in heavily affected regions. Third, our focus was
limited to UTIs, urolithiasis, kidney cancer, and bladder cancer, excluding other urologic conditions that may be
significant. Fourth, definitional constraints in the GBD database may lead to underestimation of disease burden. Fifth,
differences in diagnostic practices across countries and over time could limit comparability. These limitations necessitate
a cautious interpretation of global burden trends and call for improved data collection, harmonized diagnostic criteria,
and complementary analytical approaches to validate our findings. Lastly, the GBD risk analysis is literature-based and
may not account for all disease-specific risk factors.

Conclusion

Urologic diseases in women pose a growing global health challenge. The burden of UTIs and kidney cancer continues to
rise with aging populations, while urolithiasis and bladder cancer are declining. Disparities in healthcare access and
prevention have led to a polarized disease burden across countries. The rising impact of metabolically related cancers
highlights the need for better metabolic health management. Strengthening global collaboration to develop effective
screening and targeted, gender-sensitive strategies is essential to reduce the burden of these diseases.
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DALYs, disability-adjusted life-years; ASR, age-standardized rate; ASIR, age-standardized incidence rate; ASDR, age-
standardized DALY rate; EAPC, estimated annual percentage change; Ul, uncertainty interval; SDI, socio-demographic
index; HDI, human development index.
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