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ABSTRACT

Background. This study aimed to characterize the temporal trends of chronic kidney disease (CKD) burden in China
during 1990–2019, evaluate their age, period and cohort effects, and predict the disease burden for the next 10 years.
Methods. Data were obtained from the Global Burden of Disease (GBD) 2019 study. Join-point regression model was used
to estimate the average annual percentage change (AAPC) of CKD prevalence and mortality, and the age-period-cohort
analysis was used to estimate the age, period and cohort effects. We extended the autoregressive integrated moving
average (ARIMA) model to predict the disease burden of CKD in 2020–2029.
Results. In 2019, there were 150.5 million cases of (10.6%) and 196 726 deaths from (13.8 per 100 000 general population)
CKD in China. Between 1990 and 2019, the prevalence and mortality rate of CKD increased significantly from 6.7% to
10.6%, and from 8.3/100 000 to 13.8/100 000. The AAPC was estimated as 1.6% and 1.8%, respectively. Females had a higher
CKD prevalence of CKD but a lower mortality rate. Setting the mean level of age, period and cohort as reference groups,
the risk of developing CKD increased with age [RRage(15–19) = 0.18 to RRage(85–89) = 2.45]. The cohort risk was significantly
higher in the early birth cohort [RRcohort(1905–1909) = 1.56]. In contrast, the increase in age-specific CKD mortality rate after
60–64 years was exponential [RRage(60–64) = 1.24]. The cohort-based mortality risk remained high prior to the 1945–1949
birth cohorts (RRcohort ranging from 1.69 to 1.89) and then declined in the 2000–2004 birth cohort [RRcohort(2000–2004) = 0.22].
The CKD prevalence and mortality are projected to rise to 11.7% and 17.1 per 100 000, respectively, by 2029.
Conclusions. To reduce the disease burden of CKD, a comprehensive strategy that includes risk factors prevention at the
primary care level, CKD screening among the elderly and high-risk population, and access to high-quality medical
services is required.

LAY SUMMARY

Chronic kidney disease (CKD) is a growing public health concern worldwide, and China had the most CKD patients,
accounting for nearly one-fifth of the global total. This study estimated the temporal trends of CKD prevalence and
mortality in China from 1990 to 2019. We discovered that the prevalence and mortality of CKD have increased
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significantly over the past 30 years, and this upward trend is expected to continue until 2029. Moreover, we
innovatively applied age-period-cohort analysis to evaluate the age, period and cohort effects on CKD burden. It was
firstly reported that the CKD mortality rate increased with age, and the risk trends of age effect were approximately
exponential after the age group of 60–64 years. The independent period effects increased modestly on CKD
prevalence and mortality, but cohort effects gradually decreased. We concluded that effective strategies and
increased awareness are essential to improve the current situation of CKD in China, thereby improving the quality of
life in CKD patients and preventing avoidable deaths.
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INTRODUCTION

Chronic kidney disease (CKD) is a growing public health concern
worldwide,with a 40% increase in prevalence and incidence over
the last 30 years [1, 2]. According to the KDIGO 2012 guidelines,
CKD is defined as abnormalities in kidney structure or function,
present for 3 months, with health implications [3, 4]. The diag-
nostic thresholds for CKD are an estimated glomerular filtration
rate (eGFR) of less than 60 mL/min/1.73 m2 and an albumin–
creatinine ratio (ACR) of 30 mg/g or more [3, 4]. Substantial ev-
idence proves that CKD can increase the risk of cardiovascular
disease (CVD) mortality and act as a multiplier in patients with
hypertension and diabetes [5–7]. In 2017, there were 697.5 mil-
lion cases of CKD globally, with a prevalence of 9.1% [8]. If not
detected and treated in time, CKD can progress to end-stage re-
nal disease (ESRD) requiring dialysis. It was estimated that 2.6
million patients worldwide received renal replacement therapy
in 2010 [9].Moreover, CKD caused 1.2million deaths in 2017,with
an additional 1.4 million CVD deaths attributed to impaired kid-
ney function [8], making CKD the 12th leading cause of death
[10]. China had the most CKD patients (132 million in 2017), ac-
counting for nearly one-fifth of the global total. According to a
nationwide survey in China in 2009–2010, the estimated preva-
lence of CKD was 10.8% [11].

Age was the major contributor to mortality and ESRD risks
in CKD patients [12, 13]. Advances in medical technology over
time also influenced the quality and accessibility of CKD health-
care.Meanwhile, early-life exposure to famine has been demon-
strated to play a significant role in the development of kidney
dysfunction in adulthood [14, 15]. However, these time-related
factors frequently interacted with each other, making it difficult
to quantify the independent contributions of individual factors
in epidemiological analysis. An age-period-cohort (APC) model
can control the interaction between the three factors, allowing
the trend of prevalence andmortality to bemore clearly reflected
[16]. There was no known comprehensive study to explore the
longitudinal trends of CKD from age, period and cohort dimen-
sions. In this study, we used the most recent Global Burden of
Disease (GBD) data to characterize the temporal trends of CKD
prevalence and mortality in China from 1990 to 2019, evaluate
their age, period and cohort effects, and predict the CKD burden
for the next 10 years.

MATERIALS AND METHODS

Data sources

The CKD disease burden metrics in China from 1990 to 2019
were obtained from the GBD 2019 public database (https://
ghdx.healthdata.org/) [2]. The GBD 2019 provides the incidence,
prevalence, mortality, years lived with disability, years of life

lost, disability-adjusted life-years (DALYs) and related 95% un-
certainty intervals (UI) due to 369 diseases and injuries, for
both sexes, for 87 risk factors, and 204 countries and territo-
ries [17, 18]. It contains a total of 86 249 data sources from
censuses, household surveys, civil registration and vital statis-
tics, disease registries, health service use, air pollution moni-
tors, satellite imaging, disease notifications and other sources
[17]. Every dataset is standardized separately, with the cru-
cial step being the disease coding according to the Interna-
tional Classification of Diseases (ICD). Methods for processing,
standardization and modeling of CKD prevalence and mortal-
ity had been introduced by the GBD Chronic Kidney Disease
Collaboration [8]. Briefly, the GBD definition of CKD used one
measurement of eGFR and ACR. The CKD data in China are
mainly from China disease surveillance points and death regis-
tration, China chronic disease and risk factor surveillance, China
health and nutrition survey,Hong Kong/Macau vital registration,
and relevant published literature (https://ghdx.healthdata.org/
gbd-2019/data-input-sources). Several studies of various dis-
eases have been conducted using Chinese GBD data, validating
the data reliability and population representativeness [19–21].
DisMod-MR 2.1 model (Bayesian mixed-effects meta-regression
tool) was applied to produce CKD prevalence estimates by age,
sex and year. Vital registration, verbal autopsy data and surveil-
lance system data for 1990–2019 were used to model the mor-
tality rate due to CKD. Data were standardized and mapped ac-
cording to the GBD causes of death ICDmapping method, which
assigns each death to a single underlying cause. The ICD-9 codes
mapped to CKD include 250.4, 403–404.9, 581–583.9, 585–585.9,
589–589.9 and 753–753.3. The ICD-10 codes mapped to CKD in-
clude D63.1, E10.2, E11.2, E12.2, E13.2, E14.2, I12-I13.9, N02-N08.8,
N15.0, N18-N18.9 and Q61-Q62.8. A standard CODEmmodel with
location level was used to model deaths due to CKD. Further-
more, the burden of CKD for each of five causes: type 1 diabetes,
type 2 diabetes, glomerulonephritis, hypertension and unspeci-
fied causes. A more detailed description was linked in Supple-
mentary data, Text S1. Human subjects were not directly in-
volved, hence ethical approval was not required.

Join-point regression model

Join-point regression model is firstly proposed by Kim in 2000
[22]. Based on the temporal characteristics of the disease distri-
bution, this model builds a piecewise regression and performs
trend fitting and optimization on the data points in each seg-
ment. It allows for an in-depth examination of disease vari-
ance characteristics specific to different intervals on a global
time scale. The equation of the log-linear model is: E[y|x] =
eβ0+β1x+δ1 (x−τ1 )

++...+δk (x−τk )
+
, where y is disease prevalence or mor-

tality rate, x is year, β1 is regression coefficient, k is the number
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of join-points, the τk are the unknown join-points and a+ = a
for a > 0 and 0 otherwise. Model results can be summarized
using the metrics of annual percentage change (APC) and aver-
age annual % change (AAPC). The APC is calculated as APC =
[ yx+1−yx

yx
] ∗ 100% = (eβ1 − 1) ∗ 100%, evaluating the trend of inde-

pendent intervals of piecewise functions.TheAAPC is calculated
as AAPC = (e

∑
wiβi/

∑
wi − 1) ∗ 100%, assessing the average trend

over the entire study interval.

Age-period-cohort model

The age-period-cohort model examines the effect of age, period
and cohort on health outcomes. Age effect refers to the risk of
outcomes at different ages. Period effect refers to the effect of
temporal changes on outcomes across all age groups. Cohort
effect refers to the changes in outcomes among participants
with the same birth cohorts. The log-linear regression model
is expressed as: log(Yi ) = μ + α ∗ agei + β ∗ periodi + γ ∗ cohorti + ε,
whereYi is the CKD prevalence or mortality rate, α, β and γ are
the coefficients of age, period and cohort, respectively, μ is the
intercept and ε is the residual of model. The intrinsic estimator
(IE) method integrated into age-period-cohort model was used
to get the net effects for three dimensions [23].

Autoregressive integrated moving average model

The autoregressive integrated moving average (ARIMA) model
consists of the autoregressive (AR) model and moving aver-
age (MA) model. The underlying assumption is that data se-
ries are time-dependent random variables, whose autocorre-
lation can be characterized by the ARIMA model, and future
values can be predicted based on past values. The equation
is expressed as Yt = ϕ1Yt−1 + ϕ2Yt−2 + . . . + ϕpYt−p + et − θ1et−1 −
. . . − θqet−q, where (ϕ1Yt−1 + ϕ2Yt−2 + . . . + ϕpYt−p + et ) is the AR
model part, et − θ1et−1 − . . . − θqet−q is the MA model part, Yt−p is
the observed value at the period of (t − p), p and q represent the
model order of AR and MA, and et is the random error at the pe-
riod of t [24]. The time series in the ARIMA model should be a
stationary and stochastic sequence with zero mean. The time
series in the ARIMAmodel should be a stationary random series
with zero mean.

Statistical analysis

In GBD 2019, the CKD prevalence is determined as the percent-
age of CKD patients in the total population, and the CKD mor-
tality rate refers to CKD deaths per 100 000 total population. Fur-
thermore, the age-standardized prevalence and mortality rate
were calculated by using the world population as the reference
population. To run the age-period-cohort model, we divided the
data series into consecutive 5-year intervals from 1994 to 2019.
Data from 1990 to 1993 data were not analyzed because they did
not span a 5-year interval. Ages were also divided into 5-year
age groups ranging from 15–19 to 85–89 years old. Subjects un-
der the age of 15 years old and those above 89 years old were
excluded from the age-period-cohort analysis. In addition, 20
cohorts were summarized, covering subjects born from 1905–
1909 to 2000–2004. The mean level of age, period and cohort was
selected as the reference groups [25, 26]. The relative risk (RR)
values for each age, period and cohort represent the indepen-
dent risks in comparisonwith the reference group [Exp(α – αmean),
Exp(β – βmean), Exp(γ – γmean)]. During the ARIMA modeling pro-
cess, the difference method was initially used to stabilize the
time-series data. The auto.arima() functionwas used to select the

best-optimized model based on the Akaike information crite-
rion (AIC) [27]. The distribution of the residuals was checked for
normality using Q-Q plots, autocorrelation function (ACF) plots
and partial autocorrelation function (PACF) plots. We then used
the Ljung-Box test to examine whether the residual series were
white noise. Join-point analysis was run in the joinpoint regres-
sion 4.9 software (Statistical Research and Applications Branch,
National Cancer Institute, USA). Age-period-cohort model was
created in Stata 14.0 software (StataCorp LP, TX, USA). ARIMA
analysis and plot drawing were carried out in R 4.1 software (R
Development Core Team) using the package ‘forecast’, ‘tseries’
and ‘ggplot2’. Statistical significance was considered at a two-
tailed P < .05.

RESULTS

Description of CKD prevalence and mortality in China

In 2019, there were 150.5 million (95% UI 138.6–162.3 million)
cases of CKD in China, and CKD resulted in 196 726 deaths (95%
UI 168 241–224 684). The trends of the CKD prevalence and mor-
tality rate in China from 1990 to 2019 are presented in Fig. 1 and
Supplementary data, Table S1. The CKD prevalence continued
to rise from 6.7% in 1990 to 10.6% in 2019, with females consis-
tently outnumbering males. The age-standardized prevalence
increased by 2.1%. Stratified by CKD causes, we found a signif-
icant increase in the prevalence of CKD due to type 2 diabetes
(from 1.4% to 2.2%) and unspecified causes (from 4.9% to 7.8%),
while the prevalence of CKDdue to type 1 diabetes,hypertension
and glomerulonephritis remained stable. The CKD mortality
rate increased from 8.3 per 100 000 population in 1990 to
13.8 per 100 000 population in 2019, despite the 13.5% decrease
in the age-standardized rate. Males had a higher mortality rate
as compared with females. Similarly, CKD caused by hyper-
tension and type 2 diabetes had the highest mortality rates,
increasing significantly from 2.4/2.3 per 100 000 to 4.9/4.5 per
100 000, respectively.

Join-point analysis of CKD prevalence and mortality in
China

The segmental trends of prevalence and mortality rate of
CKD were divided using join-point analysis (Fig. 1D and H).
The CKD prevalence had significantly increased since 1990,
with two major increases during 2000–2005 and 2010–2015
(APC2000-2005 = 2.5% and APC2010-2015 = 2.7%). The AAPC for preva-
lence in the entire period was 1.6% (95% CI 1.5%–1.6%). In con-
trast, the mortality rate remained steady from 1990 to 1997 be-
fore beginning to increase significantly, with an overall AAPC
of 1.8% (95% CI 1.6%–2.0%). The highest APCs of mortality
were found in 1997–2004 (APC1997-2004 = 3.3%) and 2007–2011
(APC2007-2011 = 3.6%).

Age, period and cohort effects on CKD prevalence
and mortality

Figures 2 and 3 illustrated the age-period-cohort
effect of CKD prevalence and mortality rate.
The CKD prevalence increased from the ages of
15–19 years, peaking at the ages of 85–89 years. After con-
trolling the effects of period and cohort, the risk of CKD in the
85–89 years group was 13.6 times the risks in the 15–19 years
[exp((αage(85–89) – αmean) – (αage(15–19) – αmean)) = exp(αage(85–89) –
αage(15–19)) = 2.45/0.18]. The period-based trends of CKD preva-
lence were relatively steady in the younger groups and trended
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Figure 1: Trends of CKD prevalence and mortality rate in China during 1990–2019. (A) CKD prevalence; (B) age-standardized CKD prevalence; (C) CKD prevalence for
different causes; (D) join-point model of CKD prevalence; (E) CKD mortality rate; (F) age-standardized CKD mortality rate; (G) CKD mortality rate for different causes;
and (H) join-point model of CKD mortality rate.

upward over the period in the 80–89 age groups. The RR value
increased from 0.86 (95% CI 0.75–0.98) in 1994 to 1.18 (95% CI
1.04–1.33) in 2019. The birth cohort of each age group showed
that the CKD prevalence in the early period was lower than that
in the later period. The cohort risk was significantly higher in
the early birth cohort (RRcohort(1905–1909) = 1.56, 95% CI 1.10–2.21)
and decreased in the recent cohorts (RRcohort(2000–2004) = 0.54,
95% CI 0.10–2.97). In contrast, the increase in age-specific CKD
mortality rate was exponentially distributed. The increase
of RR values was initially slow in the groups aged under 59
years old and then became exponential [RRage(60–64) = 1.24, 95%
CI 1.02–1.52]. The period-based mortality rate had a turning
point in 2014. The risk peaked in 2014 [RRperiod(2014) = 1.09, 95%
CI 1.00–1.21] and then decreased afterwards [RRperiod(2019) =
1.03, 95% CI 0.89–1.19]. Similarly, the early birth cohort has a
greater effect on CKD mortality. The RR maintained the level of
1.69–1.89 before the 1945–1949 birth cohort and then displayed
a downward trend from 1.57 in the 1950–1954 birth cohort
to 0.22 in the 1995–2000 birth cohort (Supplementary data,
Table S2).

Risk factors for CKD prevalence and mortality

High systolic blood pressure (SBP), high fasting plasma glucose,
high body-mass index (BMI), a diet high in sodium, low ambient
temperature and lead exposure were the risk factors for CKD
quantified in GBD contributing to 65.0%, 38.6%, 18.8%, 15.1%,
8.2% and 5.0%, respectively, of the CKD deaths in 2019. Between
1990 and 2019, high SBP contributed to the largest proportion of
CKD mortality, rising from 50.0% to 65.0%. Besides, CKD mortal-
ity attributable to high BMI should not be ignored, as it had the
fastest rise (APC = 4.6%, Fig. 4A). Further analyses of the DALY
rate of CKD across risk factors revealed similar patterns (Fig. 4B).

Prediction of CKD prevalence and mortality
in the next decade

The ARIMA model was used to quantitatively depict the trends
of CKD prevalence andmortality over the following 10 years. The

optimized model was chosen to be (1,1,1) for CKD prevalence
with an AIC value of –93.7 after being filtered by the auto.arima()
function. The residuals were normally distributed according to
Q-Q plots, ACF and PACF plots (Supplementary data, Figs S1–S3).
The Ljung-Box test confirmed that the residuals of the model
were white noise (χ2= 1.132, P = .287). By repeating the afore-
mentioned steps, the ARIMA model (0,2,0) for CKD mortality
rate (AIC = –35.3) was developed. It also was proven robust by
the Ljung-Box test (χ2= 0.449, P = .503). According to calibra-
tion plots, the true values were in agreement with the predicted
values (Supplementary data, Fig. S4). The CKD prevalence was
expected to increase from 10.7% in 2020 to 11.7% in 2029. The
predicted mortality rate also kept growing over the next decade,
increasing from 14.2 per 100 000 in 2020 to 17.1 per 100 000 in
2029 (Fig. 5). Further predictions of age-standardized CKD bur-
den were delineated in Supplementary data, Fig. S5. It was es-
timated that the future trends of age-standardized prevalence
and mortality rate maintained the level of 8.0% and 11.1/100 000
in 2029 (compared with 8.1% and 11.2/100 000 in 2019).

DISCUSSION

In the present study, we analyzed the temporal trends in CKD
burden in China from 1990 to 2019. The prevalence and mortal-
ity rate of CKD have both increased significantly over the past
30 years. In 2019, the number of CKD patients reached 150.5 mil-
lion in China, accounting for 10.6% of the total population. Fur-
thermore, CKD resulted in 196 726 deaths (13.8 per 100 000 total
population) and ranked as the 16th leading cause of death in
China [20]. Compared with the global burden of CKD, we found
that the CKD prevalence in China was significantly higher than
the global estimate andwas comparable to countries with a high
social-demographic index [8]. Compared with a an increase be-
yond 50% in the crude prevalence between 1990 and 2019, the
age-standardized CKD prevalence increased by only 2.1%. It in-
dicates the growing crude prevalence was mainly due to popu-
lation aging, longer life expectancy, changes in lifestyle and risk
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Figure 2: Trends of age-specific, period-based and cohort-based variation of CKD prevalence and mortality rate in China. (A, B) Age-specific CKD prevalence and

mortality rate; (C, D) period-based CKD prevalence and mortality rate; (E, F) cohort-based CKD prevalence and mortality rate.
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Figure 3: Age, period and cohort effects on CKD prevalence and mortality rate in China during 1990–2019. (A–C) The red dot line represents the 95% CI of age, period
and cohort effects for CKD prevalence; (D–F) the green dot line represents the 95% CI of age, period and cohort effects for CKD mortality rate.

factors [20, 28, 29]. According to China’s latest census, there were
1.35 billion people aged over 65 years in 2020, a 2.4-fold increase
from 570million in 1990 [30]. The life expectancy of Chinese peo-
ple also rose from 68.6 in 1990 to 77.3 in 2019 [31]. Meanwhile,
the age-standardized CKD mortality rate decreased by 13.5% in
the past three decades. This indicates a shift in CKD mortality
occurring at an older age and reduced severity of non-fatal CKD.
With the advance in renal replacement technologies,more ESRD
patients had survival benefits from dialysis. In China, the esti-
mated number of dialysis patients reached 578000 [32].However,
many patients in need of dialysis do not receive it, especially
in regions with limited healthcare resources. It was estimated
that the number of premature deaths due to inaccessibility to
dialysis is three times the number of patients who receive dial-
ysis treatment [33]. We found CKD had a higher prevalence in
females and a higher mortality rate in males, consistent with
previous studies [34]. The longer life expectancy on the natu-
ral decline of kidney function with age may partly contribute to
the greater prevalence of CKD in females [35]. In contrast, the

side effects of testosterone, combined with unhealthy lifestyles,
might cause rapid progression of ESRD and mortality in
males [35].

Previous epidemiological evidence has demonstrated that
age was an independent and crucial risk factor for CKD, and the
death due to impaired kidney function varied across different
age groups [12, 13]. According to the age-period-cohort analysis,
the CKD prevalence and mortality rate increase with age. After
the age group of 60–64 years, the risk trends of age effect were
approximately exponential. Older people were more vulnerable
to hypertension, diabetes and CVD, putting them at higher risk
of developing CKD [36]. Additionally, complications of CKD are
more common and severe in older patients,which confers a neg-
ative effect on prognosis [37]. Period effects refer tomedical tech-
nology, diagnostic methodologies, and economic and cultural
changes in a specific period that influence the disease burden of
CKD. The period effect increased modestly in CKD prevalence as
per the current study. This could be attributed to the populariza-
tion of medical examinations in recent years in China, andmore
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Figure 4: Trends of CKD mortality rate and DALY rate attributable to the major risk factors in China during 1990–2019.

Figure 5: Predicted trends of CKD prevalence andmortality rate in China over the next 10 years (2020–29). Red and green lines represent the true trend of CKD prevalence

and mortality rate during 1990–2019; yellow dot lines and shaded regions represent the predicted trend and its 95% CI.

CKD cases were screened at the early stage. However, there was
a risk of overdiagnosis of CKD by using the same level of eGFR
regardless of patient age. It may classify many elderly people
with a normal physiological age-related GFR decline as having
the disease [38]. It should be recommended that the definition
of CKD be modified to include age-specific thresholds for eGFR
[39]. The cohort effect highlighted the socio-economic, behav-
ioral and environmental exposures of earlier life and risks in dif-
ferent birth cohorts. In our study, the cohort effect of CKD preva-

lence trended downward: the early birth cohort had a higher
risk of developing CKD, whereas the recent ones had a lower
risk. Aside from the age factor, this declining effect could be at-
tributed to receiving a good education and high health aware-
ness in the younger generations. In terms of CKD mortality, the
RRwas stable before the 1945–1949 birth cohort. Thiswasmainly
because of the unstable socioeconomic development, and poor
nutrition intake and healthcare before 1949. It has been reported
that early malnutrition might be critical for the development of
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human kidney structure and function [14, 15]. The total num-
ber of glomeruli is directly related to birth weight [40]. Nutri-
tion restriction in uterus may lead to low birth weight, resulting
in fewer glomeruli and an increased risk of CKD in adulthood.
With the rapid development of China’s economy and medical
advancements, the mortality risk had significantly decreased
[41].

The CKD due to hypertension and type 2 diabetes had the
highest mortality rate, which almost doubled in the past 30
years. Impaired fasting plasma glucose, high SBP, high BMI and
a diet high in sodium were identified as CKD risk factors in GBD
analysis. These factors have also been linked to an increased
risk of CVD and mortality [42, 43]. Cardiovascular function and
metabolic status are closely interrelated to kidney function
[44, 45]. In a Canadian cohort, CVD disease was responsible for
27.5% of deaths in individuals with normal kidney function ver-
sus 58.0% in those with kidney failure [46]. Individuals with CKD
should be identified as one of the high-risk groups for CVD [7].
However, only a few guidelines on CVD prevention have paid
specific attention to CKD as a notable risk factor [47]. Screen-
ing for CKD in high-risk groups is cost-effective to reduce CKD
progression to ESRD and mortality [48]. Long-term salt reduc-
tion in CKD patients has been proven to lower blood pressure,
ESRD progression and cardiovascular events [49]. Furthermore,
extreme ambient temperature and occupational exposure also
have an impact on kidney function [50–52]. People who were ex-
posed to lead, cadmium and mercury had a higher risk of CKD
mortality [53]. As a result, reducing the exposure to nephrotoxic
metals in China cannot be ignored.

Monitoring disease epidemics and predicting trends is an im-
portant link for disease prevention and control. According to the
ARIMA model, CKD prevalence and mortality are expected to
rise to 11.7% and 17.1 per 100 000 within the year 2029. Glob-
ally in 2017, the number of people with CKD has exceeded that
of diabetes, osteoarthritis, chronic obstructive pulmonary dis-
ease, asthma or depression [54]. However, public health authori-
ties and the general public place less emphasis on kidney health
than they do on hypertension, diabetes and CVD. Only 8.7% of
CKD patients in China were aware of their diagnosis and 4.9%
were receiving treatment [55]. The huge disparity between high
CKD prevalence and low awareness and treatment may partly
explain the continued rise in mortality in recent years. There-
fore, a comprehensive strategy that includes risk factors preven-
tion at the primary care level, CKD screening among the elderly
and high-risk people, and access to high-quality medical ser-
vices, is necessary to reduce the CKD burden and achieve better
health outcomes for CKD patients.

This study has some limitations to declare. First, while the
GBD 2019 adjusted data sources to account for the heterogene-
ity of different studies and standardized data, these revisions
inevitably increased the uncertainty of analytical data. Second,
most of the data sources were cross-sectional studies that only
measured eGFR and ACR once, which could result in the over-
estimation of CKD prevalence. Third, our study lacked a geo-
graphic description of the CKD burden due to the unavailability
of provincial data. Last, the age-period-cohort analysis revealed
the results at the population level, and it will be affected by eco-
logical fallacy.

CONCLUSIONS

This study estimated the temporal trends of CKDprevalence and
mortality in China from 1990 to 2019. We discovered that the
prevalence and mortality of CKD have increased significantly

over the past 30 years, and this upward trend is expected to
continue until 2029.According to age-period-cohort analysis, the
CKDmortality rate increased with age, and the risk trends of age
effect were approximately exponential after the age group of 60–
64 years. The independent period effects increased modestly on
CKD prevalence and mortality, but cohort effects gradually de-
creased. The aged, as well as patients with hypertension and di-
abetes, are the high-risk groups for CKD death. Therefore, effec-
tive strategies and increased awareness are essential to improve
the current situation of CKD in China, thereby improving the
quality of life in CKD patients and preventing avoidable deaths.
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