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Abstract 

Background We aimed to investigate global, regional, and national burden of chronic kidney disease (CKD) and its 
underlying etiologies from 1990 to 2021.

Methods We summarized the results of the Global Burden of Disease (GBD) 2021 to derive the disease burden 
of CKD by considering four distinct types of epidemiological data, namely incidence, prevalence, mortality, and dis-
ability-adjusted life years (DALYs). The Joinpoint regression analysis, which is skilled in calculating annual percentage 
change (APC) and average annual percentage change (AAPC), was used to estimate global trends for CKD from 1990 
to 2021.

Results The age-standardized mortality rate (ASMR) and age-standardized DALYs rate of CKD were more prominent 
in regions with Low and Low-middle socio-demographic index (SDI) quintiles. From 1990 to 2021, the countries 
with the largest increases in ASMR were Ukraine. Globally, the most common cause of death for CKD was type 2 dia-
betes mellitus (T2DM), while the most common cause of prevalence, incidence, and DALYs was the other and unspec-
ified causes. The main causes of death and DALYs from CKD varied in different parts of the world. The disease burden 
of CKD increased with age. In most age groups, the global prevalence and incidence of CKD were higher in females 
than males. At all ages, the global mortality rate and DALYs rate of CKD were higher in males compared to females. 
Joint point regression analysis found that from 1990 to 2021 the global age-standardized prevalence rate (ASPR) 
revealed a downward trend, while age-standardized incidence rate (ASIR), ASMR, and age-standardized DALYs rate 
showed an upward trend, with the most notable increase in ASMR during the 1997–2000 period and in age-standard-
ized DALYs rate during the 1996–2003 period.

Conclusions The study unveiled the uneven global distribution of the burden of CKD and its attributable causes. 
From 1990 to 2021, an increase in the burden of incidence, mortality, and DALYs due to CKD was observed. Population 
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growth and aging will contribute to a further increase in the burden of CKD. Healthcare providers should develop 
health policies, and optimize the allocation of medical resources, based on age, sex, region, and disease type.

Keywords Chronic kidney disease, Global burden of disease study, Etiology, Age and gender distribution, Time trend

Introduction
Chronic kidney disease (CKD) is a progressive disease 
characterized by changes in the structure and function 
of the kidneys for various reasons [1]. CKD is gener-
ally defined as decreased estimated glomerular filtration 
rate (eGFR) (< 60  mL/min/1.73  m2) or markers of kid-
ney injury, such as proteinuria, hematuria, or abnor-
malities detected through renal biopsy or imaging that 
are present for at least 3 months [2]. The global burden 
of CKD is substantial and growing. In 2017, 697.5 mil-
lion cases of all-stage CKD were recorded, with a global 
prevalence of 9.1%. Since 1990, the global all-age preva-
lence of CKD has increased by 29.3%. Globally, in 2017, 
1.2 million people died from CKD. Between 1990 and 
2017, the global all-age mortality for CKD increased by 
41.5% [3]. CKD imposes a substantial financial burden 
on global healthcare systems. In 2021, the prevalence of 
CKD among American Medicare beneficiaries over the 
age of 65 is 13.5%, but this group accounts for a quar-
ter ($76.8 billion) of total Medicare spending. [4] Wor-
ryingly, the costs associated with CKD in the America 
increased by 40% between 2011 and 2021. [4] In China, 
with the expected rise in the prevalence of CKD, the total 
economic burden of CKD is projected to increase from 
$179 billion in 2019 to $198 billion in 2025 [5]. Globally, 
similar cost increases are expected. Furthermore, CKD 
leads to premature death, disability, lower quality of life, 
and other psychosocial harms, and imposes high costs on 
governments, patients, and their families [6]. The World 
Health Organization (WHO) has classified CKD as a 
major global health concern and included it in the assess-
ment of the Global Burden of Disease (GBD) (https:// 
www. healt hdata. org/).

The primary causes of CKD vary by setting, with 
those that are common and well-studied, such as dia-
betes, hypertension, and glomerulonephritis. Still, 
the causes of CKD are not fully understood [7]. For 
instance, CKD of unknown etiology and no known 
treatment has been found in some farming communi-
ties in South Asia and Central America; Recurring vol-
ume losses are presumed to be a cause, particularly the 
increasing frequency of heat waves linked to climate 
change [8]. This possible reason for CKD highlights 
the potential role of adequate hydration as a renal pro-
tection strategy. In developing countries, factors such 

as HIV infection [9], and exposure to toxins, or heavy 
metals [10] also play an additional role. In some parts 
of the world where the burden of CKD is particularly 
high, the cause remains unknown [11].

CKD is usually insidious and most patients are asymp-
tomatic until the disease progresses (i.e. eGFR below 
30  mL/min/1.73  m2). The rate at which kidney func-
tion is lost varies depending on the etiology, exposure, 
and intervention. Still, in most cases, it usually takes 
months to decades to progress to kidney failure. CKD is 
associated with an increased risk of death from cardio-
vascular disease and is a risk multiplier in patients with 
diabetes and hypertension [12, 13]. Importantly, early 
detection and the use of off-the-shelf, often inexpensive 
methods to treat diabetes, hypertension, and CKD are 
possible. These interventions may improve renal and 
cardiovascular outcomes and slow the progression of 
end-stage renal disease (ESRD) [14–16]. Despite the 
availability of these interventions, the burden of CKD 
and its associated risk factors remain understudied 
in many parts of the world. Even in countries where 
data are available, awareness of the disease among the 
general public and health authorities is relatively low, 
partly leading to its progression to ESRD [17]. After the 
1960s, the cost of treating CKD rose, with the availabil-
ity of renal replacement technology making it possible 
to apply long-term life-saving but expensive treatments 
for ESRD [18]. Nephrology workforces in many coun-
tries are mainly concerned with treating ESRD rather 
than preventing and treating early CKD.

With its extensive data sources and statistical mod-
eling methods, the Global Burden of Disease, Injuries, 
and Risk Factors Study (GBD) can provide the most 
comprehensive estimate of the burden of CKD to date 
(https:// vizhub. healt hdata. org/ gbd- resul ts/). The GBD 
also quantifies the disease burden of CKD due to dif-
ferent causes. In this study, we aimed to summarize the 
results of the GBD 2021 on CKD including prevalence, 
incidence, mortality, and disability-adjusted life years 
(DALYs), with a focus on etiology, age and gender dis-
tribution, and time trends, to estimate the patterns and 
trends of CKD. We hope this analysis will provide clini-
cians and epidemiologists with insights into prevention, 
screening, and treatment, and help health policymak-
ers further optimize the allocation of medical resources 
and develop more effective public health strategies.

https://www.healthdata.org/
https://www.healthdata.org/
https://vizhub.healthdata.org/gbd-results/
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Methods
Data acquisition and download
The GBD 2021 study provides the latest estimates of 
epidemiological data on the burden of 371 diseases 
and injuries, as well as 88 risk factors across 21 GBD 
regions and 204 countries and territories from 1990 
to 2021, using enhanced standardized methodologies 
(https:// ghdx. healt hdata. org/ gbd- 2021/ sourc es) [19]. 
In this study, the determinations relating to CKD were 
drawn from the GBD 2021 data [20]. The GBD 2021 
estimates the burden of CKD stages 1–5, excluding 
renal replacement therapy. There are many causes of 
CKD, such as diabetes, hypertension, glomerulonephri-
tis, cystic kidney diseases, and air pollution, GBD 2021 
provides estimates of the burden of CKD for each of 
five causes: diabetes mellitus type 1 (T1DM), diabetes 
mellitus type 2 (T2DM), hypertension, glomerulone-
phritis, and a residual category of other and unspecified 
causes.  For each CKD patient, GBD 2021 groups pri-
mary kidney disease using International Classification 
of Diseases (ICD) codes, mapping individuals to GBD 
etiological groups. Individuals with CKD but without 
the ICD codes for primary kidney disease are grouped 
as having CKD of uncertain cause. The definition of the 
9th and 10th editions of the GBD 2021 ICD codes for 
CKD and its attributable causes is shown in Supple-
mentary Table S1.

Burden description
A comprehensive assessment was conducted to quantify 
the global, regional, and national burden of CKD and its 
attributable causes. DALYs, a standard measure for quan-
tifying the years of healthy life lost from the onset of a 
disease to death, is the sum of years of life lost (YLLs) and 
years lived with disability (YLDs). In addition, the sur-
vey delved into the demographic variables that influence 
CKD, examining the distribution of the CKD burden 
across different age groups and genders.

Additionally, the study employed the socio-demo-
graphic index (SDI). This comprehensive indicator is 
designed to quantify the development of a country or 
region and exhibits a robust correlation with population 
health outcomes. In short, it is the geometric mean of 0 
to 1 index of fertility rates among females under 25 years, 
mean years of education among individuals aged 15 years 
and above, and lag-distributed income per capita. For 
GBD 2021, final SDI values are multiplied by 100 for a 
scale of 0 to 100. An SDI of 0 signifies the highest fertil-
ity rates and the lowest years of schooling and income. At 
the same time, an SDI of 100 represents the lowest fertil-
ity rates and the highest years of education and income. 
The 204 countries and territories are assembled and 

categorized into five SDI regions (low, low-middle, mid-
dle, high-middle, and high) in the GBD 2021 [21].

Joinpoint regression analysis
Annual percentage change (APC) is a measure of the 
percentage increase or decrease in a variable in a given 
year. Average annual percent change (AAPC) measures 
the average yearly change in a variable over the study 
period. Unlike APC, AAPC looks at general trends over 
time and eliminates short-term fluctuations, so it is more 
instructive when assessing long-term trends. In the pre-
sent study, the APC and AAPC were calculated by Join-
point [22]. The standard error data of indicators required 
by the Joinpoint model can be calculated by the following 
formula, i.e., standard error = (upper confidence interval 
(CI)-lower CI)/(1.96 * 2).

Time trend analysis is an important part of epidemio-
logical research. Traditional regression models fit and 
evaluate the general trends of disease distribution dur-
ing the study period from a global perspective, but fail to 
capture the local change characteristics. Kim et  al. first 
proposed the Joinpoint regression model in 1998. This 
model’s core idea is to establish piecewise regression 
based on the time characteristics of disease distribution. 
Several connecting points divided the study time into 
different intervals, and the trends in each interval were 
fitted and optimized to assess in more detail the char-
acteristics of specific disease changes in different inter-
vals throughout the time range. The Joinpoint regression 
model which was developed by the Division of Cancer 
Control and Population Sciences at the National Can-
cer Institute of the United States has been widely used 
to study disease incidence and mortality trends [23–25]. 
From a statistical standpoint, an APC or AAPC estimate 
exceeding zero denotes an upward trajectory in the spec-
ified interval. In contrast, an APC or AAPC estimate fall-
ing below zero signals a downward trend. The Joinpoint 
also gives 95% CI and p values to assess significance. If 
the p value is less than 0.05, it is considered statistically 
significant.

Statistics analysis
Taking into account uncertainties in the primary data 
sources, data manipulations, measurement errors, and 
model selection, 1000 estimates were performed for all 
entities quantified in the GBD in the ensemble and meta-
regression models to produce final estimates with 95% 
uncertainty intervals (UIs), which include the 2.5th and 
97.5th percentiles of the 1000 random draws [3].

Unless otherwise noted, the prevalence, incidence, 
mortality, and DALYs rate were expressed as predicted 
values per 100,000 population, including their 95% UIs. 

https://ghdx.healthdata.org/gbd-2021/sources
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Statistical computing software R (Version 4.4.1) was used 
for all analysis and graphical representation.

Results
Global level
In 2021, the worldwide number of CKD cases was 
673,722,703 (95% UI: 629,095,119–722,364,096), with 
an age-standardized prevalence rate (ASPR) of 8006.00 
per 100,000 persons (7482.12–8575.62). The global inci-
dence of CKD involved 19,935,038 cases (18,702,793–
21,170,794), with an age-standardized incidence rate 
(ASIR) of 233.56 per 100,000 persons (220.02–247.24). 
The number of deaths was 1,527,639 (1,389,377–
1,638,914), with an age-standardized mortality rate 
(ASMR) of 18.50 per 100,000 persons (16.72–19.85). 
The global DALYs for CKD was 44,453,684 (40,840,762–
48,508,462), with an age-standardized DALYs rate of 
529.62 per 100,000 persons (486.25–577.42) (Table 1).

SDI level
In 2021, the ASPR of CKD was highest in regions with 
a Low-middle SDI, at 9,171.03 per 100,000 persons (95% 
UI: 8543.99–9848.15), and lowest in regions with a High 
SDI at 6733.55 per 100,000 (6322.09–7159.65). The ASIR 
of CKD was highest in regions with a High SDI, at 277.75 
per 100,000 persons (260.70–295.01), and lowest in 
regions with a Low SDI at 155.00 per 100,000 (143.40–
167.34). The ASMR of CKD was found to be highest in 
regions with a Low SDI, recorded at 29.43 per 100,000 
persons (26.13–33.79), and lowest in High-middle SDI 
regions at 12.02 per 100,000 (10.68–13.38). The age-
standardized DALYs rate for CKD was highest in regions 
with a Low SDI, at 791.80 per 100,000 persons (704.14–
909.10), and lowest in regions with a High-middle SDI, at 
324.64 per 100,000 (293.58–360.92) (Table 1).

During the period from 1990 to 2021, a slight down-
ward trend of ASPR was observed in regions with a Mid-
dle SDI, at −0.02 per 100,000 persons (95% UI:−0.03 to 
−0.01) (Table  1, Supplementary Table  S2, Fig.  1A). The 
highest increasing trend of ASIR was observed in regions 
with a Middle SDI, at 0.36 per 100,000 persons (0.29–
0.44) (Table  1, Supplementary Table  S3, Fig.  1B). The 
most significant increases in the ASMR and age-stand-
ardized DALYs rate were observed in High SDI regions, 
at 0.53 per 100,000 persons (0.46–0.60) (Table 1, Supple-
mentary Table S4, Fig. 1C) and 0.29 per 100,000 persons 
(0.24–0.34) (Table  1, Supplementary Table  S5, Fig.  1), 
respectively.

Regional level
In 2021, the ASPR was highest in Central Asia, at 
10,698.24 per 100,000 persons (95% UI: 10,022.94–
11,348.10). By contrast, the region with the lowest 

ASPR was Western Europe at 5226.19 per 100,000 per-
sons (4924.43–5544.20) (Table 2 and Fig. 2A). The ASIR 
was highest in Central Latin America, at 411.41 per 
100,000 persons (390.17–431.32). The region with the 
lowest ASIR was Eastern Sub-Saharan Africa at 118.08 
per 100,000 persons (108.97–127.55) (Table  2 and 
Fig.  2B). The region with the highest ASMR was Cen-
tral Sub-Saharan Africa at 43.69 per 100,000 persons 
(33.26–56.29), the region with the lowest ASMR was 
Eastern Europe at 5.22 per 100,000 persons (4.73–5.82) 
(Table 2 and Fig. 2C). The age-standardized DALYs rate 
was highest in Central Latin America, at 1171.14 per 
100,000 persons (1054.82–1316.26), lowest in Eastern 
Europe, at 204.68 per 100,000 persons (180.40–232.13) 
(Table 2 and Fig. 2D).

From 1990 to 2021, East Asia exhibited the most sig-
nificant downward trend of ASPR, at −0.12 per 100,000 
persons (95% UI: −0.13 to −0.10). Andean Latin Amer-
ica exhibited the most significant increasing trend of 
ASIR, at 0.85 per 100,000 persons (0.71–1.00). High-
income North America experienced the most signifi-
cant upward trends in ASMR and age-standardized 
DALYs rate, at 1.47 per 100,000 persons (1.39–1.55) 
and 0.91 per 100,000 persons (0.82–1.00), respectively 
(Table 2).

National level
In 2021, Republic of Mauritius (11,411.55 per 100,000 
persons; 95% UI: 10,649.12–12,263.72) had the highest 
ASPR of CKD. Conversely, French Republic (4368.82 
per 100,000 persons; 4085.59–4698.68) exhibited the 
lowest ASPR (Fig.  2A and Supplementary Table  S6). 
From 1990 to 2021, the Republic of Guatemala (0.10 
per 100,000 persons; 0.06–0.14) experienced the most 
substantial relative increase in ASPR (Supplemen-
tary Table  S7). In 2021,  the country with the highest 
ASIR was the Kingdom of Saudi Arabia at 495.83 per 
100,000 persons (465.09–529.64). Republic of Uganda 
(106.71 per 100,000 persons; 97.77–116.52) exhibited 
the lowest ASIR (Fig. 2B and Supplementary Table S8). 
Significant changes of ASIR  from 1990 to 2021 were 
particularly evident in Republic of Estonia (1.07 per 
100,000 persons; 0.93–1.23) (Supplementary Table S9). 
In 2021, Republic of Mauritius (80.13 per 100,000 per-
sons; 74.12–84.55) had the highest ASMR. Republic of 
Belarus (2.35 per 100,000 persons; 1.94–2.78) had the 
lowest ASMR (Fig.  2C and Supplementary Table  S10). 
From 1990 to 2021, the country with the largest 
increase in ASMR was Ukraine (17.15 per 100,000 per-
sons; 12.5–22.21) (Supplementary Table S11). For more 
information about DALYs of CKD, see Fig. 2D and Sup-
plementary Tables S12 and S13.
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Burden of global CKD due to different causes
In 2021, the global ASPR of CKD due to T1DM, T2DM, 
hypertension, glomerulonephritis, other and unspecified 
causes were documented as 77.31 (95% UI: 66.91–87.58), 
1259.63 (1161.99–1359.92), 291.19 (272.49–311.88), 
129.94 (120.25–139.51), 6247.94 (5823.88- 6691.38), 
respectively. The global ASIR of CKD due to the above 
5 causes were 1.31 (1.12–1.55), 23.07 (21.40–24.72), 
14.97 (14.02–15.93), 4.84 (4.42–5.29), 189.36 (178.21- 
200.61), respectively. The global AMIR of CKD due to 
different causes were 1.08 (0.83–1.38), 5.72 (4.83–6.79), 
5.54 (4.68–6.41), 2.34 (1.96–2.74), 3.81 (3.20–4.41), 
respectively, and the age-standardized DALYs rate due 
to different causes were 45.20 (36.01–56.35), 131.08 
(112.75–152.49), 128.41 (109.14–145.64), 84.47 (73.20–
96.13), 140.45 (122.56–159.28), respectively (Table  3). It 
can be seen that the number one cause of death for CKD 
was T2DM, with the highest absolute number of deaths 
due to T2DM in 2021 at 454,359 (381,290–524,688). In 

addition to other and unspecified causes, the most com-
mon cause of prevalence, incidence, and DALYs for CKD 
was T2DM.

Regional disparities in the burden of CKD due to different 
causes
In 2021, throughout 21 GBD regions, the main reason 
for prevalent cases (Fig. 3A, Fig. 3E and Supplementary 
Table S14) and incident cases (Fig. 3B, Fig. 3F and Sup-
plementary Table S15) of CKD was other and unspecified 
causes, followed by T2DM. The main causes of death and 
DALYs from CKD varied in different parts of the world. 
The leading cause of death in Andean Latin America, 
Caribbean, Tropical Latin America, South Asia, East 
Asia, and Oceania was T2DM; in High-income North 
America, Southeast Asia, Southern Sub-Saharan Africa, 
and Western Sub-Saharan Africa, it was hypertension; 
in Eastern Europe, Central Latin America, Central sub-
Saharan Africa, and Eastern sub-Saharan Africa, it was 

Fig. 1 Global chronic kidney disease burden by SDI quintiles from 1990 to 2021. (A) Age-standardized prevalence rate (ASPR); (B) Age-standardized 
incidence rate (ASIR); (C) Age-standardized mortality rate (ASMR); (D) Age-standardized disability-adjusted life years (DALYs) rate. SDI, 
Socio-demographic Index. CKD, chronic kidney disease
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glomerulonephritis (Fig. 3C, Fig. 3G and Supplementary 
Table S16). The leading cause of DALYs in High-income 
North America, Andean Latin America, the Caribbean, 
Tropical Latin America, East Asia, and Oceania was 
T2DM; in Southeast Asia, and Southern Sub-Saharan 
Africa, it was hypertension; in Central Latin America, 
Central Sub-Saharan Africa, Eastern Sub-Saharan Africa, 
and Western Sub-Saharan Africa, it was glomerulone-
phritis (Fig. 3D, Fig. 3H and Supplementary Table S17).

Age and sex patterns
In 2021, the global prevalence of CKD increased with 
age (Fig.  4A and Supplementary Table  S18). In most 
age groups, the prevalence was higher in females than 
in males (Fig.  4A and Supplementary Table  S19). Over-
all, the global incidence of CKD increased with age. The 
incidence of new CKD cases was highest in older adults 
aged 80 to 84 years and lowest in the 5–9 age group chil-
dren (Fig.  4B and Supplementary Table  S20). Similarly, 
in most age groups, the incidence was higher in females 
than in males (Fig.  4B and Supplementary Table  S21). 
The global mortality of CKD increased with age, except 
for those in the 5–9 and 10–14 age groups were lower 
than those under the age of 5 (Fig. 4C and Supplementary 
Table  S22). The mortality of CKD was higher in males 
(21.91) compared to females (15.90). Likewise, the mor-
tality was higher in males than females in all age groups 
(Fig. 4C and Supplementary Table S23). The DALYs rate 
analysis revealed a trend similar to that of mortality, with 

DALYs rate increasing with age. (Fig. 4D and Supplemen-
tary Table S24). Both in the overall population and across 
age groups, the age-standardized DALYs rate of CKD was 
higher in males compared to females (Fig.  4D and Sup-
plementary Table S25).

Temporal joinpoint analysis
From 1990 to 2021, Joinpoint regression analysis 
revealed that the ASPR exhibited a global downward 
trend (AAPC = − 0.021%; 95%  CI: − 0.025% to − 0.016%; 
P < 0.001). The trend for females was much the same 
as for the overall population (Fig.  5A and Supplemen-
tary Table S26). Global ASIR exhibited a steady upward 
trend (AAPC = 0.634%; 0.629% to 0.639%; P < 0.001). 
The ASIR was on the rise globally for both males and 
females (Fig. 5B and Supplementary Table S27). Similarly, 
the ASMR followed an upward trend (AAPC = 0.745%; 
0.723% to 0.765%; P < 0.001), with the most notable 
increase during the 1997–2000 period (APC = 2.269%; 
1.837% to 2.479%; P < 0.001) and females contribut-
ing largely to this change (Fig.  5C and Supplemen-
tary Table  S28). The trend of age-standardized DALYs 
rate mirrored the ASMR, with an overall increase 
(AAPC = 0.322%; 0.299% to 0.342%; P < 0.001). The most 
notable increase in age-standardized DALYs rate was 
observed from 1996 to 2003 (APC = 0.982%; 0.870% 
to 1.126%; P < 0.001) (Fig.  5D and Supplementary 
Table S29).

Fig. 2 Global distribution of chronic kidney disease burden in 2021. (A) Age-standardized prevalence rate; (B) Age-standardized incidence rate; (C) 
Age-standardized mortality rate; (D) Age-standardized DALYs rate. DALYs, disability-adjusted life-years
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Fig. 3 Number and proportion of chronic kidney disease contributed by 21 GBD regions, in 2021. (A) Number of prevalent cases; (B) Number 
of incident cases; (C) Number of mortality cases; (D) Number of DALYs; (E) Proportion of prevalent cases; (F)Proportion of incident cases; (G)
Proportion of mortality cases; (H)Proportion of DALYs. DALYs, disability-adjusted life-years
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Discussion
CKD represents a major public health challenge world-
wide, with its impact on morbidity and mortality has 
attracted considerable research attention. GBD 2017 
CKD Collaborators reported the global, regional, and 
national burden of CKD based on the 2017 GBD study 
and also the cardiovascular disease and gout attribut-
able CKD burden [3]. Moreover, Dong et  al. reported 
the burden and trends of CKD from 1990 to 2019 and 
predictions to 2030 by Bayesian age-period-cohort anal-
ysis [26]. In addition, a number of other epidemiologi-
cal studies have been conducted at the national level to 

assess the burden of CKD [27–31]. Our study used GBD 
findings to explore the burden of CKD and its underly-
ing etiologies, and updated the previous articles on this 
topic. Notably, this study introduced an innovative evalu-
ation of temporal trends in the burden of CKD, identify-
ing pivotal moments or critical years, when significant 
changes occurred in disease indicators.

The number of individuals with CKD reached almost 
674 million in 2021, involving more people than many 
common chronic diseases such as diabetes, chronic res-
piratory disease, cardiovascular disease, and osteoar-
thritis [19]. To this must be added the global burden of 

Fig. 4 Sex- and age-structured analysis of chronic kidney disease burden in 2021. (A) Prevalence rate; (B) Incidence rate; (C) Mortality rate; (D) 
DALYs rate. DALYs, disability-adjusted life-years
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acute kidney injury and kidney failure (including patients 
receiving dialysis and kidney transplantation), which 
increased the global prevalence of kidney disease to 
approximately 850 million, translating into a worldwide 
prevalence of > 10% [3, 32]. It is important to note that 
this prevalence may be underestimated due to the lack of 
early kidney disease detection and screening programs in 
many parts of the world [33]. In our study, regions with 
Low SDI had the lowest ASIR. Such low ASIR was unex-
pected and reflected the underestimation of CKD in Low 
SDI regions due to a lack of early detection and screening 
programs. In 2021, CKD diagnoses resulted in 1.5 million 
deaths, and this number is expected to rise to 2.2 million 
in the best-case scenario and 4 million in the worst-case 
scenario by 2040. [34] The ASMR and age-standardized 
DALYs rate of CKD were more prominent in regions 
with Low and Low-middle SDI quintiles, where there is 
a large gap between the burden of CKD and the provi-
sion of adequate healthcare [3]. In these regions, a large 
proportion of individuals do not have access to effective 

treatment for kidney disease [34]. In resource-poor set-
tings with weak primary care infrastructure, up to 90% of 
people with CKD are unaware they have the disease and 
therefore do not seek treatment [33, 35, 36].

In our study, in terms of prevalent cases and incident 
cases, the etiological composition of CKD was signifi-
cantly dominated by other and unspecified causes. How-
ever, the picture was different when assessing the burden 
of mortality and DALYs from CKD. T2DM, hyperten-
sion, and glomerulonephritis were identified as the lead-
ing causes, respectively, in some regions. This indicates 
a global situation: in the diagnosis and initial treatment 
phase of CKD, the cause of the disease is often not accu-
rately determined, and the treatment is merely targeted 
at CKD. The exact cause of CKD is not well documented 
until it has progressed to a severe stage leading to death 
or severe disability. It is worth noting that the treatment 
strategies of CKD due to different etiologies vary greatly. 
Taking diabetes and hypertension as an example, effec-
tive control of blood glucose levels and blood pressure 

Fig. 5 Joinpoint regression analysis of the chronic kidney disease burden temporal trends, 1990–2021. (A) Age-standardized prevalence rate; (B) 
Age-standardized incidence rate; (C) Age-standardized mortality rate; (D) Age-standardized disability-adjusted life years (DALYs) rate
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is a key measure to delay the progression and prevent 
the deterioration of CKD. Therefore, only treating CKD 
itself and ignoring the management of the primary cause 
is undoubtedly a palliative treatment, it is difficult to 
achieve the best therapeutic effect. To optimize the treat-
ment strategy, we should focus on the precise diagnosis 
and targeted treatment of the cause, to comprehensively 
improve the health status of patients with CKD. The 
increasing burdens of diabetes and hypertension are the 
best-recognized drivers of CKD, especially in economi-
cally developed regions. In high-income countries, up to 
one-third of people with diabetes and one-fifth of peo-
ple with hypertension have CKD, leading to the belief 
that focusing on diabetes and hypertension will reduce 
the increasing burden of CKD [37]. However, in addition 
to diabetes and hypertension, multiple causes, media-
tors, and risk factors, such as glomerular disease, infec-
tious diseases, environmental factors, nephrotoxins, 
and smoking, contribute to kidney disease, especially in 
Low- and Low-middle-income countries, which account 
for two-thirds of the global burden of kidney disease 
[38]. The GBD team estimated that in 2019, up to 8% of 
CKD deaths could be attributed to non-optimal (high or 
low) ambient temperatures [39]. For example, constant 
exposure to high temperatures, especially in agricul-
tural and outdoor workers who lack access to adaptive 
interventions, may increase heat stress and thus exacer-
bate the risk of kidney disease [6, 40–42]. Heat stress is 
a potential risk factor for unexplained CKD in agricul-
tural regions, and it is increasingly recognized as a major 
global cause of CKD. This unexplained CKD is mainly 
observed in the global South, including India, Sri Lanka, 
Central and South America, and parts of Africa [43–45]. 
Although kidney disease is often classified as a noncom-
municable disease, infection is also an important cause of 
kidney disease in Low- and Low-middle-income coun-
tries, either directly involving the kidneys (for instance, 
in the case of leptospirosis or HIV infection) or indi-
rectly through infection-associated glomerulonephritis, 
hemodynamic mechanisms, or systemic inflammatory 
responses [46–48]. Studies have shown that leptospiro-
sis may contribute to the development of unexplained 
CKD or an increased susceptibility to risk factors such as 
heat stress [49, 50]. Climate change and global biodiver-
sity loss are making it more favorable for parasites (e.g., 
those that cause malaria or schistosomiasis) or their vec-
tors (e.g., mosquitoes or ticks) to survive, increasing the 
risk of AKI and CKD-related infectious diseases outside 
the tropics [51]. It is important to note that although the 
association between certain infections and kidney dis-
ease is well known, the role of infections in the onset or 
progression of CKD has not been well-studied. Our study 
showed that in some regions, the leading cause of death 

and DALYs from CKD was not diabetes, or hyperten-
sion, but other and unspecified causes. Even if a person 
has diabetes or hypertension, the cause of their CKD is 
not necessarily diabetes or hypertension. A biopsy is the 
gold standard method for determining the underlying 
etiologies of CKD. If contraindications for renal biopsy 
are ruled out, renal biopsy should be expanded to under-
stand the cause of CKD, especially in regions where other 
and unspecified causes are the leading cause of CKD 
death and DALYs.

It is estimated that in November 2022, the global popu-
lation has reached 8 billion [52], and by 2050, the global 
population will reach 9.7 billion [53]. On average, the 
world’s population is aging much faster than in the past. 
In 2019, global life expectancy reached 72.8  years, an 
increase of nearly nine years from 64.0 years in 1990, and 
it is expected to reach an average of around 77.2 years by 
2050 [54]. In 2024, just over 10% of the world’s popula-
tion was over 65; by 2050, this age group is expected to 
account for more than 16% of the global population 
[55]. Population growth and aging are associated with 
an increased burden of many non-communicable dis-
eases, including CKD and its risk factors such as diabe-
tes and hypertension. In our study, it can be observed 
that the burden of CKD continues to rise with age. Even 
in healthy people, kidney function declines with age, 
so age is considered a risk factor for CKD. Renal aging 
is manifested by macroscopic and microscopic changes 
and functional changes. Renal function changes include 
decreased GFR, impaired renal tubular function, and 
decreased endocrine function [55–57]. As people age, 
even without a specific cause of kidney disease, a com-
plex interplay between the number of nephrons at birth, 
genetic predisposition, and environmental factors can 
lead to a decline in kidney function [58]. This suggests 
that in the absence of traditional CKD risk factors in 
healthy individuals, population aging will coincide with 
an increase in the burden of CKD. Studies showed that 
the prevalence of CKD is 29 percent higher in women 
than in men, but men are more likely to die of CKD than 
women, which is consistent with our findings [3, 59]. 
Notably, despite the increased risk of death for men, men 
are 47 percent more likely than women to receive dialysis 
or a kidney transplant. [3]. In older adults, women have a 
lower baseline GFR, while men’s GFR declines more rap-
idly with age [60, 61]. The complex interactions between 
age and gender ought to be better understood to develop 
appropriate health policies.

Our study showed that the ASIR, ASMR, and age-
standardized DALYs rate of CKD continued to increase 
from 1990 to 2021. Mortality from CKD have been ris-
ing compared to cardiovascular disease, stroke, and 
respiratory disease. Kidney disease is currently the 
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third fastest-growing cause of death globally and the 
only noncommunicable disease for which ASMR con-
tinues to rise [62]. Based on current trends, the burden 
of CKD will continue to increase in the coming dec-
ades, especially in the context of population growth and 
aging. This underscores the urgency of addressing CKD 
as a major public health problem.

This study, like other GBD estimation work, has several 
limitations. First, high-quality population-based stud-
ies of CKD prevalence are lacking in many countries. In 
some countries, due to limited medical resources, many 
people do not have access to kidney disease detection and 
screening at an early stage, so the incidence and preva-
lence of CKD may be underestimated. Additionally, some 
low-income regions have little to no available data on 
the incidence or prevalence of CKD in the population; 
therefore, GBD relies on statistical methods and predic-
tive covariate values to estimate the CKD burden in these 
regions. Second, although the KDIGO guidelines propose 
a standardized definition of CKD, sources of information 
on CKD differ in terms of sampling, laboratory methods, 
and equations used to calculate eGFR. To account for 
these differences and standardize the data across stud-
ies, GBD adjusted the data sources to represent incidence 
or prevalence as calculated according to the reference 
definition of eGFR, estimated using the CKD-EPI equa-
tion. This correction increases the uncertainty of the 
input data and comes from a limited number of sources, 
which may not accurately characterize biases in different 
demographic subgroups of the population. Third, most 
data sources reporting CKD incidence or prevalence are 
cross-sectional and do not repeat serum creatinine or 
urine ACR measurement over 3  months to confirm the 
chronicity of abnormalities, as the KDIGO guidelines 
recommended. Studies have shown that using a measure 
of reduced eGFR to characterize CKD may overestimate 
prevalence by 25–50%. Therefore, the results of our analy-
sis may overestimate the incidence or prevalence of CKD. 
Finally, the etiological distribution of CKD was provided 
by GBD using data from renal replacement therapy regis-
tries, the prevalence and incidence were estimated using 
the etiologic distribution of CKD.

In summary, this study used data from GBD 2021 to 
describe the global, regional, and national burden of 
CKD and its attributable causes, delineate differences 
in age and sex, and analyze trends between 1990 and 
2021. The findings indicated a continued increase in the 
disease burden. Healthcare providers should recognize 
that population growth and social aging will result in 
an increasing number of people at risk for CKD. Tar-
geted primary prevention, secondary prevention, and 
care strategies should be optimized according to age, 
sex, region, and type of disease.
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