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Introduction: To get insight into the temporal trends of urolithiasis, and thus decrease the health burden of urolithiasis, we 
comprehensively investigated the specific epidemiological indicators that varied among different countries and regions according to 
the diversity of geographic locations, gender, age, year, and socioeconomic status.
Methods: In this study, we investigated the incidence, death, disability-adjusted life years (DALYs) of urolithiasis quantified by the 
number of patients, age-standardized rates, and estimated annual percentage changes based on geographic locations, gender, age, 
and year to decode the epidemiological characteristics using the data from 1990 to 2019 in the Global Burden of Disease database.
Results: In 2019, more than 115 million (95% uncertainty interval [95% UI] 93–140) incident cases of urolithiasis occurred 
worldwide, and the age-standardized incidence rate (ASIR) (per 100,000 population) decreased from 1696.2 (1358.1–2078.1) in 
1990 to 1394 (1126.4–1688.2) in 2019. Nearly 13,279 (95% UI: 10616–16267) died of urolithiasis, contributing to 0.6 million (0.5– 
0.7) DALYs in 2019. The highest age-standardized DALY rates (33.33 per 100 000 population) in 2019 were observed in Armenia, 
whereas the largest negative estimated annual percentage changes of DALYs were seen in Poland. The ASIR of males was higher than 
females. However, the ASIR EAPC of males was lower than females from 1990 to 2019. Males aged 50–54 years old were more likely 
to suffer from urolithiasis. Joinpoint regression model analyses suggested that the global age-standardized incidence and DALY rates 
of urolithiasis encountered a trend to decline over the past 30 years. Over the years, the attenuation of this disease was pinpointed to be 
weakly related to the Socio-demographic index.
Conclusion: At the global level, both the incident and DALY cases experienced substantial growth compared to the absolute cases in 
1990. However, global age-standardized incidence and DALY rate of urolithiasis were observed to decline from 1990 to 2019. Males’ 
ASIR was higher than females, while the gap narrowed over the years. A weakly positive correlation between ASIR of urolithiasis and 
SDI was also observed in this study.
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Background
Urolithiasis is a common urinary system disease, with a prevalence ranging from 1% to 20%.1 A 2014 survey showed that 
approximately one in ten people in the United States had suffered from urolithiasis.2,3 In addition, socio-economic status is also 
a fundamental risk factor for this disease.3 The prevalence of urolithiasis is increasing worldwide, contributing to an inevitable 
health burden to all age groups. It is of paramount urgency for us to make tremendous public health efforts to solve this problem.

Urolithiasis can be stratified into four types and nine subtypes based on the stone composition and etiology, including 
non–infection stones (calcium oxalate, calcium phosphate, uric acid), infection stones (magnesium ammonium phos-
phate, carbonate apatite, ammonium urate), genetic causes (cystine, xanthine, 2,8-Dihydroxyadenine) and drug stones.1 
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Currently, shreds of evidence regarding the causes of stone formation remain controversial, exemplified by Randall’s 
theory, urine supersaturation crystallization theory, and the theory of lacking inhibitory factors. Pain, nausea, vomiting, 
hematuria, and recurrent infections are invariably characterized as urolithiasis prominent clinical manifestations. 
A colossal health burden to society automatically occurs according to this disease’s severe symptoms and high morbidity. 
EAU (European Association of Urology) guidelines suggest that Shockwave lithotripsy (SWL), Ureteroscopy (URS), and 
Percutaneous nephrolithotomy (PNL), or other surgical treatments may relieve the obstruction symptoms of the urinary 
tract.1 However, the recurrent rate of urolithiasis is up to 50%.4 Accurately assessing of epidemiological disease 
indicators and changing trends is critical in preventing the diseases from increasing and relapsing constantly, more 
importantly, making precise clinical decisions. ASR (age-standardized rates), ASIR (age-standardized incidence rate), 
ASDR (age-standardized death rate), and other indicators are widely used in the field of epidemiology such as pulmonary 
diseases, cardiovascular diseases.5–8 The Global Burden of Diseases (GBD) study converges massive epidemiological 
data of diverse diseases, contributing to an abundance of consecutive and praiseworthy analyses that guide clinical 
decisions and epidemic prevention. Various published studies of urinary diseases such as kidney cancer, bladder cancer, 
and benign prostatic hyperplasia were investigated comprehensively based on the GBD study as well.9–11

In this study, we obtained urolithiasis cases data from 1990 to 2019 and calculated ASIR, DALYs (disability-adjusted 
life years), EAPC (estimated annual percentage change), and other indicators according to geographic locations, age, 
gender, and SDI (socio-demographic index), in order to figure out the etiologies and trends for urolithiasis. This study 
also uncovered that the development of socio-economics allowed policy-makers to reasonably allocate social and 
medical resources, thus relieving the social health burden of urolithiasis.

Materials and Methods
Data Acquisition
The epidemiological data (Prevalence, incidence, and disability-adjusted life years (DALYs)) of urolithiasis between 
1990 to 2019, classified by age, year, and sex for global, regional, and national groups, were retrieved from Global 
Burden of Diseases 2019 (GBD 2019, https://ghdx.healthdata.org/gbd-2019). These data involved 21 regions and 204 
countries that were classified into five regions by the socio-demographic index (SDI) levels, as exemplified by low SDI, 
low-middle SDI, middle SDI, high-middle SDI and high SDI. This summary index quantified the countries or geographic 
areas based on the development spectrum. SDI is a composite average related to incomes per capita, average educational 
attainment, and fertility rates scaled ranging from 0 to 1.

Statistical Analysis
ASRs data such as age-standardized incidence rate, age-standardized death rate, and age-standardized DALYs were used to 
avoid the effects of different age compositions of the population and ensure statistical comparability. The direct method was 
used in the calculation, such as calculating the age-standardized incidence rate:ASR ¼ ∑A

i¼1 aiwi

∑A
i¼1 wi

� 100; 000 (age-specific 
ratio (ai, i represents the ith age group), number of people or weighted number (wi,). In line with the method recommended 
by GBD, DALYs consist of years of life lost (YLLs) and years lived with disability (YLDs): DALYs=YLLs+YLDs. We 
calculated the estimated annual percentage change (EAPC), which could assess the temporal trend of ASR by using 
a generalized linear model (GLM). When EAPC>0 and its 95% confidence interval (CI) lower boundary>0, ASR is in an 
increasing trend. In contrast, when EAPC<0 and CI upper boundary<0, ASR is in a decreasing trend. Average Annual 
Percent Change (AAPC) is a measure that summarizes the change in trend over a specific period, calculated by taking the 
weighted average of the annual percentage changes derived from joinpoint regression analysis. An age-period-cohort 
(APC) model framework was used to evaluate the underlying trends by age, period, and birth cohort, decoding the complex 
interplay of age-associated biological factors, technological and social factors in disease trends. The APC model was 
constructed using Age Period Cohort Analysis Web Tool (https://analysistools.cancer.gov/apc/) and subsequently visua-
lized by R package “ggplot2, a system for data visualization and creating graphics”. All data have 95% confidence intervals.

Data visualization was statistically analyzed by R software and Joinpoint Trend Analysis software. The GBD 
study data did not require patient consent and followed the Guidelines for Accurate and Transparent Health 
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Estimation Reporting for Population Health Research (GATHER). Data from the GHDx Query Tool is publicly 
available.

Results
Global Urolithiasis Burden
In 2019, there were 115,552,140 (95% UI: 93045130.4–140180402.4) incident cases globally, and the age-standardized 
incidence rate (ASIR) (per 100,000 population) decreased from 1696.2 (1358.1–2078.1) in 1990 to 1394 (1126.4–1688.2) 
in 2019. Incidence EAPC change was −0.83 (95% UI: −0.92–0.74) since 1990. Males ASIR (per 100,000 population) 
1856.9 (95% UI: 1495.3–1148.4) was much higher than females ASIR 947.2 (761.2–1148.4) in 2019, but males EAPC 
(−1.01, 95% UI: −1.09–0.92) was lower than females (−0.47, 95% UI: −0.59–0.36), which indicated that males ASIR had 
a stronger downward trend than females (Supplementary Table 1).

At the same time, death cases also increased from 11,338 (95% UI: 7277.6–13,777.5) in 1990 to 13,278.9 (10,616– 
16,267.4) in 2019, and the age-standardized death rate (ASDR) (per 100,000) fell from 0.3 (0.2–0.4) in 1990 to 0.2 (0.1– 
0.2) in 2019. The change in deaths EAPC was −2.05 (95% UI: −2.24–1.86) since 1990. Males ASDR (per 100,000 
population) (0.2, 95% UI: 0.1–0.3) was higher than the females ASDR (per 100,000 population) (0.1, 95% UI: 0.1–0.2) 
in 2019. We observed that males EAPC was −2.32 (95% UI: −2.47–2.18), while females EAPC was −1.89 (−2.15–1.61), 
suggesting that the ASDR of males and females showed a notable reduction between 1990–2019 (Supplementary 
Table 2).

Furthermore, the global attributable DALYs cases of urolithiasis increased from 516,731.1 (95% UI: 374,132.9– 
635,717.3) in 1990 to 6,04,308.9 (477,353.5–745,193.9) in 2019. But the DALYs ASR (per 100,000) decreased from 
11.7 (95% UI: 8.6–14.4) in 1990 to 7.4 (5.8–9) in 2019. The EAPC for DALYs was −1.77 (95% UI: −1.91–1.64) since 
1990 (Supplementary Table 3). In 2019, the DALYs ASR (per 100,000 population) of males 9.1 (95% UI: 6.9–11.3) was 
higher than that of females 5.7 (4.6–7.1). Males DALYs EAPC-1.8 (95% UI: −1.9–1.7) and females DALYs EAPC (−1.8, 
95% UI: −2.0–1.6) indicated that both DALYs showed a downward trend, suggesting that the remission of this health 
burden benefited from advances and innovation of curative strategies.

Regional Urolithiasis Burden
In 2019, the ASIR (per 100,000) of urolithiasis had the highest point in Eastern Europe (4433.7, 95% UI: 3542.5–5414.7), 
much higher than the second-highest region of Central Asia (1788, 95% UI: 1435.5–2174.9) and the third-highest in Andean 
Latin America (1772.4, 95% UI: 1472.6–2110.7). ASIR for urolithiasis (per 100,000) in Eastern Sub-Saharan Africa (565.7, 
95% UI: 444.3–692.3), Central Sub-Saharan Africa (575.4, 95% UI: 446.6–711.2), Southern Sub-Saharan Africa (725.5, 95% 
UI: 574.2–893.3) and Western Sub-Saharan Africa (735.8, 95% UI: 579.3–902.5) were the lowest. Caribbean 0.66 (95% UI: 
0.63–0.7) had the highest EAPC (1990–2019) of incidence, followed by South Asia 0.64 (0.5–0.78). Meanwhile, East Asia 
−2.68 (95% UI: −2.95–2.42) had the lowest EAPC (1990–2019) (Supplementary Table 1).

In 2019, Eastern Europe (0.5, 95% UI: 0.5–0.7), Central Asia (0.4, 95% UI: 0.3–0.7) and Southeast Asia (0.4, 95% 
UI: 0.1–0.5) had the highest ASDR (per 100,000) across all the regions. Southern Latin America (0, 95%UI: 0–0.1) and 
North Africa and Middle East (0, 95% UI: 0–0) had the lower indicator. EAPC (1990–2019) for urolithiasis death had the 
largest increase in Tropical Latin America (4, 95% UI: 3.76–4.24), followed by Asia Pacific-high income (2.6, 95% UI: 
2.33–2.87), with the largest decrease in Central Europe (−6.31, 95% UI: −7.29–5.32), followed by East Asia (−4.93, 95% 
UI: −5.21–4.65) (Supplementary Table 2).

In 2019, the ASR (per 100,000) of urolithiasis DALYs had the highest indicator in Eastern Europe (23.6, 95% UI: 
18.7–29.2), much higher than the second in Southeast Asia (13.1, 95% UI: 6.9–16.5) and the third in Central Asia (12.4, 
95% UI: 9.9–15.9). Southern Sub-Saharan Africa (3.5, 95% UI: 2.6–4.4) and Western Sub-Saharan Africa (3.6, 95% UI: 
2.4–4.8) were the lowest indicators. DALYs with the highest EAPC (1990–2019) increase was Tropical Latin America 
(2.07, 95% UI: 1.94–2.2) followed by Caribbean (1.08, 95% UI: 0.98–1.18), with the highest decline in East Asia (−4.43, 
95% UI: −4.68–4.18) followed by Central Europe (−3.18, 95% UI: −3.58–2.78). The ASR of DALYs decreased in all 
European regions and increased in Asia except for Central Asia (Supplementary Table 3).
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From 1990 to 2019, the global AAPC of incidence was negative, representing a decline in ASIR. East Asia and High- 
income North America had the most prominent negative AAPC of incidence in different regions. In contrast, the 
Caribbean and South Asia had the most significant positive AAPC of incidence (Figure 1A). The global AAPC of 
DALYs is negative, representing a reduction in ASR of DALYs. Among the AAPC of DALYs in different regions, East 
Asia and Central Europe had the most significant negative values, and Tropical Latin America, Caribbean, and Central 
Asia had the most significant positive values (Figure 1B).

National Burden
At the national level, Russia had the highest ASIR 4.54×103 (/100,000 population), with the lowest in Burundi 0.53×103 

(/100,000 population) (Supplementary Figure 1A). Armenia had the highest ASDR 1.82 (/100,000 population) 
(Supplementary Figure 2A) and the highest ASR of DALYs 33.33 (/100,000 population) (Figure 2A). North 
Macedonia had the lowest ASDR 0.004 (/100,000 population) (Supplementary Figure 2A). The incidence of EAPC 
(1990–2019) had the highest point in Jordan at EAPC 2.10, with the lowest point in Poland −3.87 (Supplementary 
Figure 1B). The death EAPC (1990–2019) had the highest point in Costa Rica 7.18, with the lowest point in Bulgaria 
−10.59 (Supplementary Figure 2B). DALY’s EAPC (1990–2019) had the highest point in Armenia 2.46, with the lowest 
point in Poland −5.84 (Figure 2B).

Age and Sex
The number of incidence cases and ASIR of males were higher than females in any age group, with the highest incidence 
and widest gap in the 50–59 age group, and then decreasing continuously, attributing to the conclusion that ASIR for 
males was declining faster than females (Supplementary Figure 3A). For the 15–19 age group, males’ ASDR was higher 
than females, and the ASDR of both groups showed an upward trend with age increasing (Supplementary Figure 3B).

With age increasing, the DALYs of males and females continued to increase (Figure 3). The DALY numbers of male 
patients peaked in the 50–54 age group, whereas the DALYs numbers of female patients reached their peak in the 55–59 
age group, followed by the reduction with aging. The DALY rates in males and females rose rapidly and uninterruptedly 
after the 10 to 14 age group. Males had higher DALY rates (per 100,000 population) than females after the 25–29 age 

A B

Figure 1 The AAPC of incidence and DALYs at global and regional levels, from 1990 to 2019. (A) The AAPC of incidence. (B) The AAPC of DALYs. Red represented the 
regions of AAPC > 0, blue represented those of AAPC < 0. 
Abbreviations: AAPC, average annual percent change; DALYs, disability-adjusted life years.
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group. YLD cases in both men and women increased with age, peaked in the 50–54 age group, and then declined 
(Figure 4A). YLD cases of males were higher than that of females across all ages. The YLDs rate of males and females 
generally increased with age, peaked in the 80–84 age group, and then declined. YLL cases in males and females 
increased with age (except for the female age group 45–49), peaked in the 65–69 age group, and declined (Figure 4B). 

−4

−2

0

2

EAPC

Armenia:
ASR=33.33

Poland:
EAPC=-5.84

Armenia:
EAPC=2.46

A

B

Figure 2 The global ASR (per 100,000) and EAPC of DALYs on urolithiasis, by country and territory. (A) The ASR of DALYs in 2019. (B) The EAPC of DALYs from 1990 to 2019. 
Abbreviations: ASR, age-standardized rates; EAPC, estimated annual percentage change; DALYs, disability-adjusted life years.
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The YLLs rate for males and females generally increased with age, peaking in the 95plus age group. From the 15–19 age 
group, the YLL rate of males was higher than females.

The Socio-Demographic Index (SDI) and Human Development Index (HDI)
SDI represents a proxy indicator of each country’s socioeconomic situation, and HDI is identified as a surrogate indicator 
of the level of healthcare in each country. We divide SDI into five levels: high SDI, high middle SDI, middle SDI, low 
middle SDI, and low SDI. Importantly, there was a weakly positive correlation between SDI and ASIR of urolithiasis, 
suggesting that the increased burden of urolithiasis was associated with rapid socio-economic development (Figure 5). 
From the perspectives of regions, Eastern Europe encountered the extremely high ASIR accompanied by the relatively 
high SDI levels, whereas the high-income Asia Pacific and North America, Western Europe, and Australia had moderate 
ASIR. However, there is no correlation between SDI, HDI levels, and EAPC incidence (Supplementary Figure 4). 
Incident cases of global, middle SDI, low middle SDI, and low SDI regions increased year by year, and high middle SDI 
and middle SDI cases were higher in other regions (Supplementary Figure 5). Most incident cases belong to the 15−49 
years and 50−69 years groups. Between 1990 and 2010, the ASIR of global, high SDI, high-middle SDI, and middle SDI 
regions did not increase until 2010, with a moderate run-up between 2010 and 2019 based on an APC model 
(Supplementary Figure 6A–D). However, the ASIR of low-middle SDI and low SDI regions experienced a wavy rise 
in the 20th century (Supplementary Figure 6E–F).

There was a weakly negative correlation between SDI and ASDR of urolithiasis, suggesting a lower death burden 
with higher socio-economic development (Supplementary Figure 7). From 1990 to 2019, Eastern Europe, Central Asia, 
Southeast Asia, and Eastern Sub-Saharan Africa were higher than expectations. Andean Latin America, Southern Latin 
America, North Africa, the Middle East, Western Sub-Saharan Africa, Central Sub-Saharan Africa, and Southern Sub- 
Saharan Africa were lower than expected.

0

15000

30000

45000

60000

1 to 4
5 to 9

10 to 14

15 to 19

20 to 24

25 to 29

30 to 34

35 to 39

40 to 44

45 to 49

50 to 54

55 to 59

60 to 64

65 to 69

70 to 74

75 to 79

80 to 84

85 to 89

90 to 94
95 plus

To
ta

l D
A

LY
s 

ca
se

s

Age(years)

D
A

LY
s rate (per 100000 population)

0

200

400

600

Female (number, 95% UI)

Male (number, 95% UI)

Female (rate, 95% UI)

Male (rate, 95% UI)

Figure 3 Age patterns by sex in 2019 of the total number of DALY cases and age-specific DALY rate of urolithiasis at the global level. 
Abbreviation: DALY, disability-adjusted life year.
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Surprisingly, DALYs EAPC was significantly associated with HDI, whereas no correlation was observed between 
DALYs EAPC and SDI (Supplementary Figure 8). We observed that DALYs cases of high-middle and middle SDI regions 
were higher than in other regions, and most regions encountered an increasing trend from 1990 to 2019 (Figure 6). 
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Figure 4 Age patterns by sex in 2019 of YLD and YLL at the global level. (A) Age patterns of the total number and age-specific rate of YLD. (B) Age patterns of the total 
number and age-specific rate of YLL. 
Abbreviations: YLD, years lived with disability; YLL, years of life lost.
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Figure 5 ASIR of urolithiasis globally and for 21 GBD regions by SDI, 1990–2019. 
Abbreviations: ASIR, age-standardized incidence rate; GBD, Global Burden of Disease; SDI, socio-demographic index.

Figure 6 The urolithiasis DALYs cases in different age groups, by SDI regions, from 1990 to 2019. The data on low SDI regions is presented in the top-right panel. 
Abbreviations: DALYs, disability-adjusted life years; SDI, socio-demographic index.
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Moreover, most DALY cases came from the 15−49 years group and 50−69 years group. A slightly positive correlation 
between SDI and the DALYs ASR of urolithiasis was observed in 22 regions (Figure 7). Except for the high SDI regions 
(Figure 8B), the ASR of DALYs in the global (Figure 8A) and other SDI regions (Figure 8C–F) showed a significant 
decreasing trend over the years based on an APC model.

Age, Period, and Cohort Effects on Urolithiasis Morbidity
Generally, similar patterns in age effects were observed in males and females, with the highest risk in the 50–59 age 
groups. Compared to females of the same age, males encountered more rates across age group (Figure 9A). Period effects 
generally showed a notable reduction of risk rate over the past decades, with less decline in females than males 
(Figure 9B). A successive declining risk rate was pinpointed in the elderly birth cohort, with individuals born in the 
1960 with the lowest morbidity risk rate across all age groups (Figure 9C). We also observed a little risk rate 
improvement in the younger birth cohort from 1980 to 1990.

Discussion
This study investigated global urolithiasis morbidity, mortality, DALYs, and their associations with age, gender, and SDI across 
202 countries and territories, based on the GBD 2019 database compiled with comprehensive data and epidemiological 
resources.12 We identified that the global ASIR change of urolithiasis decreased by 0.83% from 1990 to 2019, which may 
attribute to the increase in the global consumption of healthy food, nutrients, and water resources per capita.13 Consistent with our 
hypothesis, Taylor et al constructed a DASH score involving eight components, as exemplified by abundant intake of fruits, 
vegetables, nuts and legumes, low-fat dairy products, whole grains, and low intake of sodium, sweetened beverages, and red and 
processed meats, which is closely related to reduced risk of kidney stones.14 In addition, Curhan et al also demonstrated that 
dietary intake of animal protein directly increased the risk of kidney stones, whereas high intake of potassium and fluid were 
inversely associated with stones prevention.15 Interestingly, although the ASIR of urolithiasis decreased, the total incident cases 

Figure 7 Age-standardized DALY rate of urolithiasis globally and for 21 GBD regions by SDI, 1990–2019. 
Abbreviations: DALY, disability-adjusted life year; GBD, Global Burden of Disease; SDI, socio-demographic index.
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A B

C D

E F

Figure 8 Temporal trends of age-standardized DALY rate by SDI regions using Joinpoint regression model. Temporal trends at global (A), high SDI (B), high middle SDI (C), 
middle SDI (D), low middle SDI (E), and low SDI (F) levels. *Indicates that the Annual Percent Change (APC) is significantly different from zero at the alpha = 0.05 level. 
Abbreviations: DALY, disability-adjusted life year; SDI, socio-demographic index.
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showed substantial growth from 1990 to 2019. We speculated that the opposite trends between age-standardized rates of 
incidence and absolute cases were attributed to an aging population.

The AISR of males was higher than that of females. We carefully retrieved the relevant literature to get insight into the 
differences between males and females. Previous studies indicated the controversial implications of sex hormones on stone 
formation. A comparative study by van Aswegen et al revealed that testosterone was observed to be lower in kidney stone patients 
than in healthy counterparts.16 However, Otunctemur et al demonstrated that testosterone levels did not affect stone formation, 
whereas potential risk factors contributing to stone formation showed an effect on testosterone levels.17 In contrast, an 
authoritative study suggested that estrogen might protect women from the risk of urolithiasis by lowering urinary calcium, 
oxalate, and uric acid.18 Peerapen et al pinpointed the cellular mechanism of estrogen that reduction of calcium oxalate (CaOx) 
crystal-binding capability, decreased intracellular metabolism, and increased cell proliferation and tissue healing might contribute 
to stone prevention in females.19 However, Nackeeran et al indicated that there was no independent relationship between sex 
hormones and the prevalence of kidney stones in males or females based on the National Health and Nutrition Examination 
Survey (NHANES) database from 2013 to 2016.20 Actually, males are more likely to eat excess food and alcohol than females, 
which might contribute to the incident differences. However, the ASIR EAPC of males was lower than females, and the ASIR 
ratio of males to females has dropped from 2.20 in 1990 to 1.96 in 2019, accounting for the expected prevalence of obesity among 
females,21–23 and the close gap in lifestyle, diet between males and females.24–26

Similar to previous studies, we identified that the burden of urolithiasis varied by geographic, economic, and cultural 
factors.27,28 Eastern Europe had the highest ASIR in different regions, such as Russia, and Armenia, which were strongly 
associated with obesity, diabetes, and meat consumption.3,29 For Central Asian countries such as Saudi Arabia, Iran, Pakistan, 
etc., evidence showed that high heat and water shortage environment could promote the rapid evaporation of water in the body, 
leading to improvement of the concentration of urate, the risk of urine crystallization and thus the formation of stone.30–32 Sub- 
Saharan Africa had the lowest ASIR, but incidence data of urolithiasis might be imprecise because of the under-reported cases 
in this region and the lack of large-scale epidemiological studies.33 One of the inevitable points to affect the epidemiology of 
urolithiasis is socioeconomic status. According to a previous study, lower socioeconomic status correlated with the severer 
stone disease at the time of medical intervention.34 In addition, another retrospective analysis of National Health and Nutrition 
Examination Survey (NHANES) data from 2007 to 2014 was performed to suggest that kidney stones were higher among 
individuals with state-assisted insurance than those with private insurance, which also indicated the relationship between 
socioeconomic status and stone disease.35 Consistently, a slightly positive correlation between SDI and ASIR of urolithiasis 
was identified in this study. We envisioned that people in high SDI regions get more access to excessive protein, high-fat 
products, dairy calcium, and sodium that contribute to the rising trend of urolithiasis.3 Meanwhile, the areas with high SDI 
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referred to high medical standards and more access to medical examination, which may prolong the survival time of patients 
and reduce death cases.

Although our study comprehensively analyzed burden data and trends of urolithiasis at different global, regional, and 
national levels from 1990 to 2019, it still had inevitable limitations. Since GBD data came from hospital disease 
registration, individual disease reporting, or other aspects, data reliability from different countries and regions is 
different. Countries and territories with more complete medical systems, such as the United States, the United 
Kingdom, China, Russia, and the European Union, have higher data reliability. Some of the information is missing 
and unreliable for developing countries and regions with imperfect medical systems. Low-dose computed tomography 
(CT) is the preferred diagnostic method for urolithiasis recommended by EAU Guidelines.1 However, due to limited 
medical resources in these countries and regions, it cannot support a complete and large-scale epidemiological investiga-
tion, which may cause missing or wrong statistical data. In addition, GBD data are unavailable in some countries or 
regions, which is of great urgency to be considered when interpreting the results.

Conclusion
This study suggested that the total incidence and DALY cases showed a significant growth trend, whereas the global 
ASIR and age-standardized DALY rate of urolithiasis had decreased. Although males’ ASIR was higher than females, the 
magnitude of increase was closer from 1990 to 2019. We also observed a weakly positive correlation between ASIR of 
urolithiasis and SDI. More reliable research is needed to elucidate the determinants of stone formation and guide the 
clinical decisions on urolithiasis prevention and treatment.

Abbreviations
GBD, Global Burden of Disease; IRFS, Injuries and Risk Factors Study; DALYs, disability-adjusted life years; GHDx, 
Global Health Data Exchange; ASR, age-standardized rates; YLL, years of life lost; YLD, years lived with disability; 
SDI, socio-demographic index; HDI, human development index; GLM, generalized linear model; EAPC, estimated 
annual percentage change; AAPC, average annual percent change; GATHER, Guidelines for Accurate and Transparent 
Health Estimation Reporting for Population Health Research; CI, confidence interval; ASIR, age-standardized incidence 
rate; ASDR, age-standardized death rate.
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