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a major global public health concern. In recent years, its 
high incidence rate, hospitalization rate, and associated 
costs, along with its poor prognosis, have had a substan-
tial impact on the quality of life of patients with CKD 
and have placed increased burdens on their families. The 
disability-adjusted life years associated with CKD per 
thousand people is 17.22 years, surpassing even that of 
cancer [2]. CKD profoundly affects health, significantly 
increasing the risks of end-stage renal disease, cardiovas-
cular disease, and death [3, 4]. The later stages of CKD 
are characterized by high rates of complications and 
mortality. Although cardiovascular and cerebrovascular 

Background
Chronic kidney disease (CKD) is characterized by kid-
ney damage or a glomerular filtration rate (GFR) of 
≤ 60 mL/min/1.73 m2 for > 3 consecutive months. An 
expanded definition of CKD also includes a one-time 
urine albumin-to-creatinine ratio ≥ 30  mg/g [1]. CKD is 
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Abstract
Background Currently, limited research is available on the comparative analysis of chronic kidney disease (CKD) 
incidence and mortality rates between China and the United States. This study aimed to explore the trends in CKD 
incidence and mortality rates in both countries, as well as make some future predictions.

Methods The data on CKD incidence and mortality in China and the US from 1990 to 2019 were derived from the 
2019 Global Burden of Disease database. A Joinpoint regression model was used to analyze temporal trends in CKD 
incidence and mortality. An age-period-cohort model was used to assess the effects of age, period, and birth cohort 
on CKD risk and forecast the age-standardized incidence rate (ASIR) and age-standardized mortality rate (ASMR) of 
CKD in China and the US over the next 15 years.

Results CKD incidence in China and the US showed an upward trend. Its mortality rate showed a downward trend 
in China but an upward one in the US. The relative risk (RR) of CKD incidence and mortality increases with age. The RR 
of CKD incidence in the 0–5 age group exceeds that in the 5–55 age group, and the RR for mortality surpasses that in 
the 5–35 age group. Over time, the RR of CKD incidence has gradually increased in China and the US. Individuals born 
in later birth cohorts had a lower RR of CKD incidence and mortality. The ASIR of CKD may increase in both China and 
the US, whereas its ASMR may decline over the next 15 years.

Conclusion Screening measures should be strengthened among populations at high risk of CKD; prenatal 
examinations of pregnant women should be emphasized to reduce CKD incidence in newborns. It is imperative to 
increase health education and encourage individuals to adopt healthy lifestyles.
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diseases have received considerable attention, the con-
current presence of kidney disease and the importance of 
CKD tend to be overlooked. However, CKD plays a cru-
cial role in the patient’s quality of life and the progression 
and longevity of other diseases, such as stroke, peripheral 
vascular disease, and non-alcoholic fatty liver disease. 
Research indicates that there are 697.5  million patients 
with CKD worldwide, accounting for 9.1% of the global 
population [5]. From 1990 to 2017, the global mortality 
rate of CKD increased by 41.5% [6]. CKD was identified 
as the 12th leading cause of death worldwide in 2017 and 
is predicted to become the fifth leading cause of mortal-
ity worldwide by 2040 [7].

A cross-sectional analysis involving 176,874 partici-
pants revealed that CKD prevalence in China was 8.2%, 
with an estimated population of over 20 million patients 
with CKD between 1982 and 2018 [8]. CKD prevalence 
in the US is 6.9% and has remained relatively stable in 
recent years [9]. However, few studies have compared 
the incidence and mortality of CKD in China and the US. 
By comparing the trends in the incidence and mortal-
ity of CKD in the two countries, we can understand the 
prevalence of the disease from a global perspective. This 
helps to identify and understand the common risk fac-
tors, disease patterns, and trends of CKD and provides 
a reference for global health policies and interventions. 
Moreover, China and the US are both countries that span 
a large geographic area and have populations of over 
300 million. Both countries are experiencing population 
aging and share similar lifestyle factors, including poor 
dietary habits, lack of exercise, smoking, and alcohol 
consumption. At the same time, a range of chronic dis-
ease prevention and treatment policies have been imple-
mented. Data on CKD incidence and mortality in both 
countries were obtained from the Global Burden of Dis-
ease (GBD) database, from similar sources, and with the 
same diagnostic criteria, which made the epidemiologic 
studies of CKD in the two countries more comparable 
[10].. Therefore, this study aimed to analyze the trends 
in CKD incidence and mortality in China from 1990 to 
2019, compare them with the corresponding trends in 
the US, and predict future changes in CKD over the next 
15 years. The findings of this study will hopefully provide 
a scientific basis for the development of future preven-
tion and treatment strategies for CKD.

Methods
Data sources
Data were obtained from the 2019 GBD, released by the 
Institute for Health Metrics and Evaluation at the Univer-
sity of Washington, USA (https://ghdx.healthdata.org/
gbd-2019). The dataset was compiled by collecting all 
available data, standardizing it, and then using models to 
estimate the burden of 369 diseases or injuries across 204 

countries and territories worldwide from 1990 to 2019. 
The countries and territories were classified based on 
their social demographic index (SDI) into low, low-mid-
dle, middle, high-middle, and high SDI categories. The 
burden of diseases was further analyzed by age and sex 
[11]. The data on CKD incidence and mortality in China 
is primarily sourced from the National Disease Surveil-
lance System, the Resident Death Registration Informa-
tion System, and the National Maternal and Child Health 
Surveillance System, besides published literature and 
reports. Similarly, in the US, data on CKD incidence and 
mortality is gathered from a variety of sources, including 
the United States Census Bureau, the National Center for 
Health Statistics, the National Death Registration System, 
and the Chronic Disease Surveillance System, alongside 
clinical research and epidemiological surveys [12].. In 
this study, we extracted the age-standardized incidence 
rate (ASIR) and age-standardized mortality rate (ASMR) 
of Chinese and American residents in all age groups from 
1990 to 2019.

Methods
Joinpoint regression software 4.9.0.0 was used to calcu-
late the annual percentage change (APC) and average 
annual percentage change (AAPC) of CKD incidence and 
mortality in different countries and across the sexes. An 
APC of > 0 indicated an upward trend, and an APC of < 0 
indicated a downward one. If APC = AAPC, it meant that 
there was no significant change in the rate in that group, 
and the rate was monotonically increasing or decreasing 
[13]. The significance level α was 0.05 (P < 0.05), and this 
was the cutoff for statistical significance.

The age-period-cohort model can be used to accurately 
estimate changes in diseases affected by age, period, and 
cohort factors [14]. To resolve the linear relationships 
among age, period, and cohort, the Intrinsic Estima-
tor (IE) method proposed by Yang and Fu was applied 
[15, 16]. Based on the estimation function method, they 
proposed the intrinsic estimator based on the estima-
tion function and matrix singular value decomposition. 
Compared with the traditional generalized linear model, 
which assumes that two or more coefficients of a param-
eter vector are equal, the IE limits the geometric orienta-
tion of the parameter vector in the parameter space. Age 
was divided into one age group every 5 years, the period 
was divided into 5 years, and the birth cohort was divided 
into 5 years. The Stata 17.0 IE package was used to ana-
lyze the effect coefficient and relative risk (RR) of the age, 
period, and cohort of onset and death due to CKD, with 
a positive effect coefficient (i.e., RR) indicating increased 
risk and a negative one indicating reduced risk. The basic 
expression for the age-period-cohort model takes the 
form:

https://ghdx.healthdata.org/gbd-2019
https://ghdx.healthdata.org/gbd-2019
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 ln (Y abc) = µ + αa + βb + γc

where ln (Yabc) is the natural logarithm of CKD mor-
tality rate or incidence rate; µ is the intercept that indi-
cates the reference level of disease risk of age, period, and 
cohort parameters; αa is the age effect of age group a, 
a = 1,2,…; βb is the period effect of period b, b = 1,2,…; γc 
is the cohort effect of the cth cohort, γc = b– a + n, n is the 
number of age groups. The significance level α was 0.05 
(P < 0.05), which was considered statistically significant.

The BAPC package for R 4.2.2 software was used to 
predict the mortality and incidence of a given disease. 
This approach allowed us to provide insights into poten-
tial future scenarios regarding the CKD burden in China 
and the US. The model can be expressed as follows:

 ηij = log (λij) = µ + αi + βj + γk

where λ indicates incidence or mortality rate;η  indicates 
linear predictors; µ represents the intercept, and αi, βj, 
and γk represent age, period, and cohort effects, respec-
tively. The i (1 ≤ i ≤ I) represents the age group of period 
j (1 ≤ j ≤ J); k represents the cohort index, k = M (I- i) + j, 
depending on the age, period, and age group width and 
period interval; and M indicates that the age group inter-
val is M times wider than the period interval. For exam-
ple, for the 5-year age group, M is 5. In the BAPC model, 
all unknown parameters are considered to be random and 
have appropriate prior distributions. The model applies a 
second-order random walk model to smooth the prior 
incidence and mortality rates for age, period, and cohort 
effects. The nested Laplace approximation method is 
used to approximate the marginal posterior distributions 
and predict the posterior incidence and mortality rates 
[17]. The significance level α was 0.05 (P < 0.05), which 
was considered statistically significant.

Results
Analysis of CKD incidence trend in China and the US
From 1990 to 2019, the ASIR of CKD in Chinese resi-
dents, men, and women showed an overall upward trend 
(AAPC = 0.30, 0.29, and 0.29, respectively; P < 0.05), 
with a downward trend from 1990 to 1996 and another 
upward trend after 1996. The ASIR of CKD in US resi-
dents, males, and females showed an overall upward 
trend (AAPC = 0.18, 0.20, and 0.20, respectively; P < 0.05), 
with a downward trend from 2005 to 2010 and an 
upward trend in other years. The ASIR for CKD in the US 
was higher than that in China, and the ASIR for CKD in 
women was higher than that in men (Fig. 1; Table 1).

Analysis of CKD mortality trend in China and the US
The ASMR of CKD in China showed a downward trend 
(AAPC = -0.59, P < 0.05), as well as a downward trend in 

both men and women (AAPC = -0.30 and − 0.89, respec-
tively; P < 0.05). The ASMR for CKD in the US showed an 
upward trend (AAPC = 2.04, P < 0.05), as well as in both 
men and women (AAPC = 1.94 and 2.04, respectively; 
P < 0.05). We also found that the ASMR of CKD in men 
was higher than that in women (Fig. 1; Table 1).

Age-period-cohort analysis of CKD incidence and mortality 
in China and the US
Age-period-cohort analysis of CKD incidence
The age effect showed that CKD in China and the US 
had a higher RR of incidence in the 0–5 age group 
(RR = 1.99, 1.43) than they did in other age groups and 
then remained low (RRmin= 0.16, 0.12). After the age of 45 
years, the RR of incidence increased rapidly, was higher 
in the US than in China, and increased to its highest level 
in the 75–80 age group (RR = 7.25, 9.06).

The period effect showed that the RR of CKD incidence 
increased over time in both countries. The RR of CKD 
incidence in China and the US was the lowest in 1990–
1994 (RR = 0.74, 0.76) and the highest in 2015–2019 
(RR = 1.39, 1.36).

The cohort effect showed that the RR of CKD inci-
dence decreased with the progression of the cohort in 
both countries. The RR of CKD incidence in China and 
the US was the highest in the cohort born in 1910–1915 
(RR = 2.51, 3.13) and the lowest in the 2015–2019 birth 
cohort (RR = 0.25, 0.26)(Fig. 2).

Age-period-cohort analysis of CKD mortality
The age effect showed that the RR of mortality increased 
overall with age in both China and the US. The RR of 
mortality was the lowest in the 10–15 age group in both 
countries (RR = 0.15, 0.04). After the age of 50, the RR 
of CKD mortality increased rapidly, more so in the US 
than in China, and it increased the most in the 80–85 age 
group (RR = 16.26, 21.98).

The period effect showed that the RR of CKD mortality 
in China did not change significantly over the years, with 
its highest RR = 1.05 and its lowest RR = 0.93. By contrast, 
the RR of CKD mortality increased over the years in the 
US, with its lowest in 1990–1994 (RR = 0.54) and its high-
est in 2015–2019 (RR = 1.65).

The cohort effect showed that the RR of CKD mortal-
ity in China increased in the cohort born between 1910 
and 1914 (RR = 1.57) and the one born between 1945 
and 1949 (RR = 2.21), then decreased to its lowest in the 
2015–2019 cohort (RR = 0.11). The RR of CKD mortality 
in the US decreased with the progression of the cohort. 
The 1910–1914 cohort had the highest RR for CKD mor-
tality (RR = 4.23), and the 2015–2019 cohort had the low-
est RR for CKD mortality (RR = 0.13) (Fig. 2).
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Prediction of CKD, ASIR, and ASMR in China and the US
Our prediction showed that the ASIR of CKD in China 
and the US will continue to rise over the next 15 years. 
We predicted that, by 2034, the ASIR of CKD in China 
will be 226.16/100,000, an increase of 4.99% compared 
to data from 2019. The ASIR of CKD in the US was 
348.95/100,000, an increase of 11.48% compared to 2019 
(Fig.  3). Our prediction showed that the CKD ASMR 
in China increased slightly in the first 5 years and then 
decreased. It is predicted that, by 2034, the ASMR of 
CKD in China will be 11.01/100,000, a decrease of 2.61% 
compared to data from 2019. The ASMR of CKD in the 

US will be 16.62/100,000, a decrease of 4.13% compared 
to 2019 (Fig. 4).

Discussion
In this study, CKD incidence in China and the US is 
found to be increasing annually; the mortality rate of 
CKD in China is decreasing, and the mortality rate of 
CKD in the US is increasing. The RR of CKD incidence 
and mortality increased gradually with age in general; 
however, people aged < 5 years had a higher RR of CKD 
incidence than those in the other age categories. The RR 
of CKD incidence increased gradually over time, and the 
RR of CKD mortality in the US increased gradually as 

Table 1 AAPC of CKD, ASIR, and ASMR in China and the US
Group ASIR ASMR

APPC 95~CI P APPC 95~;CI P
China 0.30 0.26~0.34 <0.01 -0.59 -0.73~-0.44 <0.01
China:men 0.29 0.26~0.33 <0.01 -0.30 -0.54~-0.06 0.01
China:women 0.29 0.24~0.35 <0.01 -0.89 -1.09~-0.69 <0.01
US 0.18 0.11~0.24 <0.01 2.04 1.83~2.26 <0.01
US:men 0.20 0.14~0.25 <0.01 1.94 1.75~2.13 <0.01
US:women 0.20 0.16~0.25 <0.01 2.04 1.76~2.31 <0.01

Fig. 1 Analysis of CKD incidence and mortality trend (a: China of incidence, b: the US of incidence, c: China of mortality, d: the US of mortality)
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well. Later years of birth were associated with lower RRs 
of CKD incidence and mortality, and it is predicted that 
CKD incidence will increase, but the mortality rate will 
decline over the next 15 years.

Many factors affect the development of CKD, includ-
ing age, sex, obesity, hypertension, diabetes mellitus, and 
hyperuricemia. The kidney is one of the target organs of 
obesity-related health disorders, a risk factor for CKD 
progression, and obesity is considered to be an inde-
pendent risk factor for CKD development [18]. Studies 
have shown a U-shaped correlation between body mass 
index and renal function decline [19]. Diabetes is the 
most common cause of CKD worldwide. In the supple-
mentary materials, a consistent upward trend in the 

ASIR of diabetes is observed in both China and the US, 
with the ASIR being consistently higher in the US. Addi-
tionally, the ASIR of CKD attributed to type 2 diabetes 
exhibits a comparable increasing trend in both coun-
tries, with the ASIR in the US exceeding that in China. 
These findings are consistent with the overarching results 
of the study, further substantiating the robust correla-
tion between diabetes and CKD incidence. Compared 
to other causes of CKD, patients with CKD and diabe-
tes are at a higher risk of developing end-stage renal dis-
ease (ESRD), which imposes a huge health and economic 
burden on both patients and society [20]. Hypertension 
is also a risk factor for CKD. Studies have shown that a 
systolic blood pressure (SBP) of 140 mmHg is associated 

Fig. 2 Age-period-cohort analysis of CKD incidence and mortality in China and the US (a: incidence, b: mortality)
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with an increased risk of CKD incidence [21]. A decrease 
in SBP can significantly reduce mortality in patients with 
mild-to-moderate CKD and hypertension [22]. Studies 
have also shown that elevated serum uric acid is a risk 
factor for the development of both acute and chronic 
kidney diseases, as well as hypertension and diabetes. 
Uric acid may cause kidney disease by causing systemic 
and glomerular hypertension [23]. This study discovered 
that individuals aged 0–5 have an elevated RR of CKD 
incidence, with CKD in children resulting in significant 
height development and disproportionate growth disor-
ders. Research has suggested that factors like hyperglyce-
mia, vitamin A deficiency, and exposure to cocaine and 
alcohol during pregnancy can heighten the RR of CKD 
in infants [24]. Moreover, low birth weight and prema-
ture birth are also linked to an increased RR of CKD in 
infants [25]. The immature liver and kidney functions 
in children demand stringent dietary safety standards. 
Unhealthy dietary choices, such as inappropriate infant 
formula and adult food not suited for children, may 
harm their health, potentially leading to CKD. A notable 
example is China’s outbreak of pediatric urolithiasis due 
to melamine-contaminated milk powder. The Chinese 
Ministry of Health reported that approximately 294,000 
children were diagnosed with urinary tract stones [26]. 
Studies have indicated that melamine-associated uroli-
thiasis can cause damage to renal tubules and glomeruli 

[27]. This factor may contribute to the marginally higher 
RR of CKD among Chinese children aged 0–5 compared 
to their counterparts in the US.

The ASIR of CKD was found to increase in China and 
the US, and the period effect in the age-period-cohort 
analysis of CKD incidence also suggested that the RR of 
CKD incidence increased annually. With societal devel-
opment over time, the aging of the population, and 
improvements to living standards, the risk factors for 
CKD also increase, and the incidence and risk of CKD 
also increase. In the 1990s, China’s economic level rose 
rapidly due to the implementation of the Economic 
Reform and Open Up approaches; the ASIR of the CKD 
changed from a downward trend to an upward one. The 
ASIR of CKD in the US decreased from 2005 to 2010, 
which may be attributed to the rapid growth in GDP and 
the improvement of health services in the US during this 
period. The ASIR for CKD was found to be higher in the 
US than in China. Research shows that in the US, 1/3 of 
the total population is obese, and another 1/3 is over-
weight. The obesity rate in the US is higher than that in 
China [18]. According to GBD data, the incidence of dia-
betes and hypertension in the US is higher than that in 
China, which may explain why the incidence of CKD in 
the US is higher.

Joinpoint Regression analysis suggested that the ASMR 
of CKD in China decreased, whereas that in the US 

Fig. 3 Prediction of CKD incidence in China and the US

 



Page 7 of 9Zhu et al. BMC Nephrology           (2024) 25:76 

increased. The period effect in the age-period-cohort 
analysis of CKD mortality suggested that the RR of CKD 
mortality in the US increased each year. In terms of 
age, the RR for CKD incidence and mortality in the US 
were higher than those in China. This may be because 
the Chinese government, which established the China 
Kidney Network (CK-NET) in 2014 [18], has continu-
ously strengthened the reform of the medical system to 
ensure fairness of medical services for the masses, pro-
viding data to support the formulation of health policies. 
Other studies have pointed out that patients with CKD 
comprise a high proportion of African Americans and 
other ethnic and socially disadvantaged groups in the US, 
which also reflects the inequality of health service access 
and unfair health policy in the US [18]. This may explain 
the increased CKD mortality and higher RR of CKD 
mortality in the US.

The ASIR of CKD was found to be higher in women 
than in men, and the ASMR of CKD was higher in 
men than in women. The reason behind this difference 
remains unclear. It may be due to the fact that women 
generally have less muscle mass than men, and muscle 
mass is the main determinant of serum creatinine con-
centration, thus making CKD more detectable in women 
[28, 29]. Studies have shown that sex-based differences 

in systemic and renal hemodynamics and hypertension 
control, as well as differences in the effects of sex hor-
mones on cell metabolism, lead to the slower progression 
of CKD in women than in men [6, 30]. This may explain 
why CKD mortality is higher in men than in women.

The cohort effect in our age-period-cohort analysis 
suggested that the RR of CKD incidence and mortal-
ity decreased with cohort size, which may be the result 
of the development of medical technologies over time. 
However, the RR of CKD mortality in Chinese people 
born between 1910 and 1949 is on the rise, which may be 
because China is in a period of war and turmoil, and the 
medical services of the population are not guaranteed, 
leading to an increase in the RR of mortality.

Our prediction shows that the incidence of CKD in 
China and the US will increase, and mortality will decline 
over the next 15 years. To enhance the prevention and 
treatment of CKD, both countries should proactively 
implement relevant health policies, particularly focus-
ing on increasing healthcare accessibility in the US. This 
includes screening for high-risk CKD populations, nota-
bly those with hypertension and diabetes. CKD screening 
effectively delays CKD progression and reduces cardio-
vascular disease risk [31]. It is advisable to regularly mon-
itor kidney function, urinary protein, blood pressure, and 

Fig. 4 Prediction of CKD mortality in China and the US
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other indicators for early CKD detection and interven-
tion. For patients with end-stage renal disease (ESRD), 
increasing access to dialysis and kidney transplantation 
is crucial to enhance their quality of life and prognosis. 
Given the higher obesity rate in the US compared to 
China, American residents need to adhere to a healthy 
diet to decrease obesity incidence, thereby reducing the 
risk of developing CKD. Regular physical activity and 
healthy eating habits are also important. Research has 
shown that adherence to a diet rich in whole grains, vege-
tables, fruits, beans, nuts, and fish, as well as reducing the 
intake of red meat and processed meat, sodium, and sug-
ary drinks, are related to a lower RR of CKD incidence 
[32]. Physical exercise can effectively prevent the occur-
rence of CKD and improve both the quality of life and the 
blood pressure levels of patients with CKD [33].

The limitations of this study include potential inaccura-
cies in the GBD database data: while extensive, the data 
in GBD are prone to significant errors and rely heavily on 
estimations, potentially impacting the research findings. 
Additionally, as this study is ecological in nature, ecologi-
cal fallacy cannot be avoided, with variations in popula-
tion distribution and age differences possibly influencing 
the results. In this study, statistical models and years were 
employed to estimate the age-standardized incidence or 
mortality rates, yet the influences of economic, cultural, 
and health development levels, demographic shifts, or 
policy interventions on these rates were not considered. 
Furthermore, due to the absence of detailed data on the 
incidence and mortality of different CKD stages in the 
GBD database, this study is unable to provide an analysis 
of CKD at various stages.

Conclusion
To improve the prevention and treatment of CKD in the 
future, we recommend enhancing CKD screening for 
high-risk groups and implementing relevant policies to 
ensure access to medical and healthcare services for older 
adults. Special attention should also be paid to the prena-
tal examination of pregnant women to reduce the occur-
rence of CKD in newborns. Health education programs 
that encourage individuals to adopt healthy dietary pat-
terns, engage in regular physical exercise, and undergo 
routine medical checkups should be adopted. Further-
more, efforts should be made to strengthen tertiary 
prevention strategies for CKD and implement effective 
prevention and treatment measures.
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