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Purpose: Urolithiasis is one of the commonest disease of the urinary system. This study 
aimed to assess the long-term urolithiasis incidence trends in China between 1990 and 2019.
Patients and Methods: The incidence data of urolithiasis were extracted from Global 
Burden of Disease Study 2019, and an age–period–cohort framework was used to estimate 
the age, period, and cohort effects.
Results: We found that the net drift was −2.72% (95% CI: −2.84% to −2.60%) per year for 
men and −2.14% (95% CI: −2.24% to −2.05%) per year for women, and except men in age 
group 0–4, the local drift values were below 0 in all age groups (P<0.05 for all) in both sexes 
during the period of 1990 to 2019. In the same birth cohort, the risk of incidence from 
urolithiasis rose first and then decreased with age for both sexes after controlling for period 
deviations, and in addition, after 20 years old, the risk of incidence of urolithiasis in men was 
higher than that in women (significantly with P<0.05). In general, the estimated period and 
cohort relative risks were found in similar downward patterns for both sexes.
Conclusion: In the past 30 years, the age-standard incidence of urolithiasis in both sex of 
Chinese people has decreased, but the crude incidence of urolithiasis in Chinese women has 
increased. Considering the aging of population structure in China, the overall number of 
female urolithiasis patients may increase, contributes to higher crude incidence rate. The 
problem of urolithiasis in Chinese women needs to be paid more attention.
Keywords: age–period–cohort analysis, urolithiasis, urinary stones, urolithiasis in China

Introduction
Urolithiasis refers to any stones in the urinary system including kidneys, ureters, 
bladder or urethra. It is one of the commonest diseases of the urinary system, 
usually accompanied by acute severe unilateral loin pain, nausea, hematuria and 
other symptoms, which will increase the urinary tract and the risk of infection 
complicated by uremic shock, acute kidney injury and even adverse renal outcome 
including end-stage renal disease (ESRD).1–3 The direct costs and indirect costs 
incurred by its treatment have brought heavy economic burdens to patients and 
society.4,5

Globally, due to climate warming, dietary changes, and obesity, the incidence 
and prevalence of urinary stones are rising around the world.5 As the main 
component of urolithiasis, China has witnessed a steady rise in the prevalence of 
kidney stones from 4% to 6.4% from 2008 to 2014.6–8 During May 2013 to 
July 2014, 1 out of 17 adults in China suffered from kidney stones.7 China has 
the largest population in the world; thus, the number of urolithiasis patients in 
China could be enormous. Assessing the nationwide epidemiology of urolithiasis is 
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important to assess the disease burden and developing 
relevant policies. However, there have been few studies 
of the trends in the incidence of urolithiasis in China. 
Furthermore, there has been no comprehensive analysis 
of the possible reasons underlying the temporal trends.

In this study, we used data from the Global Burden of 
Disease Study (GBD) 2019 and age-period-cohort frame
work to investigate the long-term trends in the incidence 
of urolithiasis in China, and examined the effects of age, 
period, and cohort from 1990 to 2019. Our research results 
may provide guidance for health resource allocation and 
policy formulation to strengthen prevention and treatment 
of high-risk populations.

Materials and Methods
Data Source
Data used in this study was extracted from GBD 2019, which 
has provided internally consistent estimates of age- and sex- 
specific all-cause and cause-specific incidence for 369 dis
eases for 204 countries and territories from 1990 to 2019.9 

GBD 2019 synthesises a large and growing number of data 
input sources including surveys, censuses, vital statistics, and 
other health-related data sources. A Bayesian meta- 
regression modelling tool, DisMod-MR 2.1, was used to 
ensure consistency of incidence for most causes.9

GBD 2019 data on China mainly come from two sources: 
surveillance data from the China Disease Surveillance Points 
system (DSPs) and Vital Registration (VR) data collected by 
the Chinese Center for Disease Control and Prevention.9 

DSPs covers 24.3% of the country’s total population since 
2013, and VR accounting for roughly 8% of the national 
population.10 Because of the sampling strategy, the DSPs can 
represent the population of China.10,11 The VR system, while 
not representative, was able to give more accurate informa
tion due to specific causes and larger sample than the disease 
surveillance points.10 Together, the disease surveillance 
points and vital registration systems provided a nationally 
representative picture of health information in China. For 
GBD data, many steps, including under-reporting, misclassi
fication, and incompleteness corrections, as well as the redis
tribution of the garbage codes to enhance the data quality, the 
bias reduced to some extent compared with that of research 
using raw data.12

Urolithiasis was diagnosed and defined based on the ninth 
and tenth revisions of the International Classification of 
Disease (ICD10: N20-N23.0; ICD9: 592–592.9, 594–594.9, 
788.0).9 In this study, the incidence rate of urolithiasis were 

age-standardized by global age-standard population for both 
men and women.9

Statistical Analysis
Age-period-cohort (APC) frame work was used in this 
study to assess the age, period, and cohort effect on uro
lithiasis incidence rate, which can help analyze possible 
reasons underlying the temporal trends. The APC can be 
considered essentially as a multiple regression model 
which was developed based on the Poisson distribution. 
The specific equation was exhibited as follows:13 

Υ = μ + α A ≥ Υi + β Periodj + γ Cohortk + ε
where Υ denotes the response variable—the net effect on 
urolithiasis incidence for groups, α, β, and γ denoted the 
coefficient of age, period, and cohort of the APC model, 
respectively, and denoted the intercept of the model, and μ 
denoted the residual of the APC model.

The age effect represents the different risk in different age 
group. The period effect represents the risk difference in 
different periods. Cohort effect represents the risk difference 
among different birth cohort. By using APC model, the fol
lowing parameters were estimated. Net drift, indicates the 
overall annual percentage change in study period. Local drifts, 
indicate annual percentage changes for each age group in 
study period. Longitudinal age curve indicates the period 
deviations adjusted age-specific rates in the reference cohort. 
The period (or cohort) relative risk (RR) indicates the period 
RR (or cohort RR) adjusted for age and nonlinear cohort (or 
period) effects compared with the reference period (or 
cohort).12

To conduct APC analysis, the incidence and population 
data were arranged into consecutive 5 years period from 
1990 to 1994 (median 1992) to 2015–2019 (median 2017), 
and successive 5 year age interval from 0 to 4 years to 85 to 
89 years. An R program provided by USA National Cancer 
Institute was used to estimate the parameters.14 The central 
age group, period, and birth cohort were defined as the 
reference in all analyses.15 Estimable functions were 
assessed by Wald χ2 tests. All statistical tests were 2-tailed 
and P<0.05 were regarded as significant.

Results
Trends of the Incidence Rates for 
Urolithiasis by Sex for the Period of 1990 
to 2019
From 1990 to 2019, the crude incidence rate (CIR) and 
age-standardized incidence rate (ASIR) of urolithiasis by 
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gender were shown in Figure 1 and Supplementary Table 
S1. In general, the CIR of urolithiasis in male had shown 
a decline, from 2009.227 per 100,000 in 1990 to 
1683.201 per 100,000 in 2019. The CIR in women rose 
from 732.421 per 100,000 in 1990 to 786.3067 in 2019. 
The ASIR in male urolithiasis showed a decline, from 
2383.901/100,000 in 1990 to 1233.800/100,000 in 2019, 
and the ASIR in female urolithiasis decreased from 
833.128/100,000 in 1990 to 547.489/100,000 in 2019. In 
addition, the sex differences in the incidence of urolithiasis 
have decreased over the past 30 years.

Local Drift with Net Drift Values for 
Urolithiasis Incidence in China
The overall annual change percentage (net drif) of the inci
dence of urolithiasis and the annual change of the incidence 
of urolithiasis in each age group (local drift) were shown in 
Figure 2. For the overall annual change percentage of the 
incidence of urolithiasis, net drift for men was −2.72% (95% 
CI: −2.84%, −2.60%), and net drift for women was −2.14% 
(95% CI: −2.24%, −2.05%). Regarding the annual change of 
each age group, the local drift of women in each age group 
was lower than 0 (significantly with P<0.05), and the lowest 
local drift value was found in the age group 0 to 4 years, 
which was −3.26% (95% CI: −4.63%, −1.87%). Except for 
men aged 0 to 4, the local drift of all other age groups was 
lower than 0 (significantly with P<0.05). Among them, local 
drift value was lowest in the age group 65 to 69 years, with 
−4.43% (95% CI: −4.56%, −4.30%).

The Longitudinal Age Curves of 
Urolithiasis Incidence by Sex in China
Figure 3 and Supplementary Table S2 showed the long
itudinal age curve of the risk of urolithiasis. In the same 
birth cohort, the risk of urolithiasis in female showing 
a reversed V-shape with increase of age. The highest risk 
of urolithiasis in women was found in age group 50 to 54 
years, with 1661.7/100,000 (95% CI: 1631.0, 1693.1). 
Similar to women, the risk of urolithiasis in men also 
showing a reversed V-shape. The highest risk of uro
lithiasis in men was found in age group 50 to 54, with 
3568.9 per 100,000 (95% CI: 3488.0, 3651.6). In addi
tion, after the age of 20, the risk of urolithiasis in men 
was higher than that in women (significantly with 
P<0.05).

Period and Cohort Relative Risks of 
Urolithiasis Incidence Rate by Sex in 
China
Figures 4 and 5 showed the estimated period RRs and 
cohort RRs by gender. The effect of period effect on the 
incidence of urolithiasis showed a similar trend between 
men and women (Figure 4 and Supplementary Table S3). 
Compared with the reference period (year 2000 to 2004), 
the period RRs for both men and women had decreased 
after 2005. The cohort RRs showed a downward pattern 
for both males and females from earlier to later birth 
cohort overall (Figure 5 and Supplementary Table S4).

Figure 1 Trends of the age-standardized incidence rates (ASIR) and the crude incidence rates (CIR) per 100,000 populations for urolithiasis by sex in China, 1990 to 2019. 
Using the GBD 2019 (Global Burden of Disease Study 2019) global age-standard population.
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Discussion
As far as we know, there were few researches to analyze the 
incidence trend of urolithiasis in China. This study was the 
first study to explore the incidence trend of urolithiasis in 
China from 1990 to 2019 using the APC framework. The 
results of this study showed that, the CIR of urolithiasis in 
Chinese men had generally shown a decline from 1990 to 
2019, while the CIR of urolithiasis in Chinese women had 
shown an increase during the same period. The ASIR of 
urolithiasis in both Chinese men and women had shown 
a decline. For each age group, except age group 0 to 4, the 

incidence of urolithiasis in all age groups showed 
a decreasing pattern in both men and women.

Our study found that the ASIR of urolithiasis had shown 
a decline in both Chinese men and women, this result is 
consistent with previous studies.16,17 The reduction in the 
ASIR of urolithiasis in China may related to the changes in 
China’s diet structure in recent years. In the past 20 years, the 
consumption of fruits and vegetables by Chinese children and 
adults had shown an increase.18,19 A diet rich in fruits and 
vegetables could significantly reduce the risk of kidney 
stones.20 Fresh vegetables are rich in fiber, among which phytic 

Figure 2 Local drift with net drift values for urolithiasis incidence in China. Age group-specific annual percent change (local drift) with the overall annual percent change (net 
drift) in urolithiasis incidence rate and the corresponding 95% confidence intervals.

Figure 3 Longitudinal age curves of urolithiasis incidence in China. Fitted longitudinal age-specific rates of urolithiasis incidence (per 100,000 person-years) and the 
corresponding 95% confidence intervals (some of them were too narrow to show in the figure).

https://doi.org/10.2147/IJGM.S313395                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2021:14 2536

Huang et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


acid and uronic acid are combined with calcium chelating 
agents to reduce calcium absorption, inhibit the aggregation 
of calcium oxalate crystals and cell adhesion, thereby inhibit
ing the formation of stones.21,22 Along with economic devel
opment, regular medical evaluations for preventative advice or 
appropriately timed treatment are more acceptable to the 
Chinese population, which would help make prevention stra
tegies for high-risk populations and help reduce the incidence 
rate.

In this study, the gap between ASIR and CIR may be 
related to the changes in China’s population structure in the 

past 30 years. Due to the low fertility rate caused by family 
planning, and the increase in life expectancy, China’s popula
tion structure changed drastically, from the ideal pyramid 
shape in 1950 to the enlarged middle and top pyramid at the 
beginning of this century.23,24 And middle-aged people are the 
high-risk group of urolithiasis,6 which leads to an increase in 
the overall number of patients, and contributes to higher CIR. 
Considering that the age structure of China’s population will 
continue to develop towards an aging population,23,25 uro
lithiasis may bring huge burdens and challenges to Chinese 
society.

Figure 4 Period relative risks (RRs) of urolithiasis incidence rate by sex in China. The relative risk of each period compared with the reference one (year 2000 to 2004) 
adjusted for age and nonlinear cohort effects and the corresponding 95% confidence intervals.

Figure 5 Cohort relative risks (RRs) of urolithiasis incidence rate by sex in China. The relative risk of each cohort compared with the reference one (cohort 1953 to 1957) 
adjusted for age and nonlinear period effects and the corresponding 95% confidence intervals.
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In this study, we found a certain sex difference between 
the incidence of urolithiasis. This result was consistent 
with the previous studies.6 It may be associated with 
different dietary habits. Men are more likely to consume 
more meat and have excessive alcohol than women.6 

Interestingly, this sex difference was shrink in recent 
years. The same phenomenon has been found in Japan.26 

This may relate to narrowed diet, lifestyle, and occupa
tions between men and women with the development of 
the economy and improved living standards.6

Age is an important risk factor affecting the occurrence of 
urolithiasis.6 Our research results showed that in the same birth 
cohort and after adjusting the period deviation, the risk of 
urolithiasis in both males and females increased with age, 
and then decreased after reaching a peak. This pattern are 
similar to that in the United States,2 Japan27 and other Asian 
countries.6 The higher risk of urolithiasis in middle-aged peo
ple may be due to their heavy workload, more physical energy 
consumption, and less body fluid intake, which may related to 
dehydration.6 Middle-aged people’s unhealthy lifestyle (irre
gular diet or staying up late) and heavy occupational stress are 
also related to urolithiasis.26 This study shows that the risk of 
urolithiasis in men in most age groups is higher than in women, 
and this phenomenon has also been reported in many other 
countries.6,27,28 This phenomenon may be due to the fact that 
men prefer to drink alcohol and coffee, and consume more 
meat than women.6

Although under certain restrictions, period effect and 
cohort effect can be estimated as period RR and cohort RR, 
respectively. In fact, it is not easy to interpret them separately in 
the real world. Because when the period effect affects all age 
groups at the same time, it often affects a certain age group 
more or less, which leads to a cohort effect to a certain extent.12 

Therefore, we systematically analyzed the reasons for the 
period effect and cohort effect trends during this period. 
Period effect reflects the immediate impact of social factors 
on the incidence of diseases.29 In this study, the period effect 
decreased after 2005 compared with 2000 to 2004, which may 
relate to one or more achievements in the field of public health 
in China. In 1989, China launched the “Chinese Dietary 
Guideline”, and launched the revision version in 1997, 2007, 
and 2016, separately. On the basis of guideline of frequently eat 
milk, beans or their products in the 1997 edition, the 2007 
edition added the guideline of daily drinking water and salt 
restrictions, and emphasized strengthening physical activity to 
improve people’s nutritional status and reduce or prevent the 
occurrence of chronic diseases. Studies have shown that diet 
and lifestyle are closely related to the occurrence of 

urolithiasis.30 The implementation of these measures had 
improved the nutritional status of Chinese residents in 
a certain extent, and partially explained the decline in the risk 
of urolithiasis in China in recent years. The decrease in cohort 
effect may related to the rapid economic development of China 
in recent decades, the changes in residents’ lifestyles, the 
improvement of sanitary conditions, and the formation of 
healthy living habits.

Some limitations of the present study should be noted. 
First, although there are a lots of methods in GBD 2019 to 
enhance the data quality, the completeness and accuracy of 
urolithiasis incidence data in this study may have some bias. 
But it can be said that the bias in this study has been reduced to 
a certain extent compared with the study using the original data 
without those correction and adjustment steps.12 Second, the 
data of urolithiasis in this study were estimates at the national 
macro level, and the macro-level explanations may not be 
applicable to individuals. Therefore, related hypotheses raised 
in this study still need further confirmation in future individual- 
based studies.

Conclusion
In summary, although the ASIR of urolithiasis in both Chinese 
men and women has decreased from 1990 to 2019. And the 
estimated period and cohort effects were found in similar 
downward patterns for both sexes. However, possibly due to 
changes in the demographic structure, the CIR of urolithiasis 
among Chinese women in the past 30 years has increased. 
Considering the aging of population in China, which leads to 
an increase in the overall number of patients, and contributes to 
higher CIR, urolithiasis may have huge impact on China health 
systems, more efforts are needed for Chinese women’s uro
lithiasis problems.
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