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Abstract
Background Chronic kidney disease (CKD) is a major global public health problem with increasing prevalence and 
a huge health and economic burden. Diabetes mellitus and hypertension are major risk factors for CKD, and CKD is 
associated with cardiovascular disease and end-stage renal disease. Understanding the prevalence and burden of 
CKD is essential for the development of prevention and control strategies.

Methods Using data from the Global Burden of Disease Study (GBD) 2021 study, this study analyzed the incidence, 
prevalence, and disability-adjusted life years (DALYs) of CKD at global, regional, and national levels between 1990 and 
2021. Decomposition analysis, health inequalities and frontier analysis were used to analyse the changes.

Results This study analyzed the global regional and national burden, trends, and disparities of CKD from 1990 to 
2021 and found that the global burden of CKD had increased significantly, in line with trends in population ageing 
and population growth, and with significant variations between regions. There were 673.7 million people with CKD 
worldwide in 2021, accounting for 8.54% of the global population, a 92.0% increase from 1990. Despite a slight 
decline in age-standardized prevalence rate (ASPR), the absolute number of CKD cases increased. Central Asia had 
the highest prevalence of CKD, while Central Latin America had the highest rate of DALYs and incidence for CKD. In 
2021, At the national level, China had the highest number of new CKD cases. The country with the highest ASPR and 
age-standardized DALYs rate (ASDR) of CKD was Mauritius. Globally, age-standardized incidence rate (ASIR) and ASDR 
were on the rise in almost all countries/regions, suggesting that the impact of CKD on global health is increasing. 
Population growth and ageing were major factors contributing to the increasing burden of CKD, especially in China 
and low Socio-demographic Index (SDI) regions. In addition, the cross-national study of health inequalities in CKD 
showed that, although there have been improvements in global health over time, health inequalities continue to 
exist. The frontier analysis revealed a considerable degree of heterogeneity in the effective differences across the 
spectrum of socio-demographic indices.

Conclusion CKD is a global health problem, the burden of which varies between regions and countries. A 
multifaceted approach is necessary to prevent and control CKD, including population-level interventions targeting 
risk factors, improvements in the accessibility and quality of health care, and measures to address health inequalities.
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Introduction
CKD is a major public health problem. The incidence, 
prevalence, mortality and DALYs of CKD have increased 
significantly over the past 30 years, largely due to popu-
lation growth and aging. The number of new cases of 
CKD has increased significantly from 7.8 million in 1990 
to 18.99  million in 2019 [1]. More people, especially 
the elderly who are more prone to chronic diseases, are 
at high risk of developing CKD. CKD is defined as per-
sistent abnormalities in kidney structure or function, 
lasting for more than 3 months, characterized by a glo-
merular filtration rate (GFR) < 60 mL/min/1.73  m² and/
or an albumin-to-creatinine ratio (ACR) ≥ 30  mg/g, and 
encompassing various renal structural or functional 
impairments [2]. The most common causes of CKD are 
diabetes and hypertension [3]. However, in certain geo-
graphical areas, other factors such as herbs and environ-
mental pollutants also lead to CKD [4]. Moreover, CKD 
is associated with an increased risk of cardiovascular 
diseases, such as stroke, myocardial infarction, and heart 
failure, and rather invariably towards end-stage renal dis-
ease (ESRD) in a majority of cases [5].

There are significant regional differences in the burden 
of CKD. The majority of people with CKD live in low- 
and middle-income countries (LMICs), accounting for 
approximately 78% of all cases [6]. The burden is higher 
in Southeast Asia, Central and South America and the 
Middle East and North Africa, and lower in high-income 
Asia and Europe [7]. In high SDI regions, high BMI, 
dietary risks, and low physical activity have a greater 
impact, while in low SDI regions, environmental risks 
such as air pollution and water contamination are more 
significant [7]. CKD is linked to a considerable economic 
burden on a global scale, particularly upon reaching kid-
ney failure, due to the necessity for resource-intensive 
kidney replacement therapy (KRT, including dialysis or 
kidney transplantation) [8]. According to the statistics 
from GBD, CKD was responsible for 1.5  million deaths 
in 2021, rising in the rankings of leading causes of age-
standardized mortality from 18th in 1990 to 11th in 2021 
[9], and years of life lost (YLLs) are forecasted to more 
than double globally by 2040 [10].

Measures to support the prevention and treatment 
of CKD are therefore needed. Comprehensive and up-
to-date data on the prevalence and burden of CKD by 
country, age, sex and sociodemographic factors are also 
required for policy makers and academics to develop 
response strategies. We analyzed CKD incidence, preva-
lence, and DALYs at the national, regional, and world-
wide levels from 1990 to 2021 using the most recent data 

from the GBD 2021 study. Moreover, we will examine 
how the epidemiology of CKD has changed over time 
due to variations in population growth and aging, and 
how the burden of disease varies by region and level of 
socioeconomic development.

Methods
Data source
This study employed data from the GBD 2021 study, 
obtained from the Institute for Health Metrics and Evalu-
ation (IHME) at the University of Washington  (   h t t p : / / g h d 
x . h e a l t h d a t a . o r g /     ) , to present the most recent  e p i d e m i o l o 
g i c a l insights on 371 diseases and injuries across 21 GBD 
regions and 204 countries and territories from 1990 to 
2021. This study adheres to the Guidelines for Accurate 
and Transparent Health Estimates Reporting (GATHER) 
statement [11].

Statistical analysis
Our primary study goal was to delineate the prevalence, 
incidence, and disease burden of CKD at the global, 
regional, and national level in 2021, as well as the trends 
from 1990 to 2021. We selected (code B.8.2 “chronic kid-
ney disease”) as the cause, and prevalence, incidence, and 
DALYs as measures.

CKD cases were identified using the International Clas-
sification of Diseases, the 9th revision (ICD-9) codes, 
including 403-404.9, 581-583.9, 585-585.9, 589-589.9, 
753-753.3. And the 10th revision (ICD-10) codes encom-
passed D63.1, E10-E11.9, I12-I13.9, N00-N08.8, N15.0, 
N18-N18.9, P70.2, Q61-Q62.8 [12].

The GBD estimates for prevalence, incidence, and fatal 
outcomes were calculated using DisMod-MR 2.1 and 
CODEm. These are standardized tools for modelling 
health data in accordance with demographic and tem-
poral factors [13]. Data were reported as age-standard-
ized incidence, prevalence, and DALY rates per 100,000 
population. DALYs are calculated by adding (YLLs due 
to disease and years of life lived with disability (YLDs), 
which approximate the gap between the current health 
status of the population and the desired health status, 
where YLL = Σ(N×L), N represents the number of deaths 
from disease, and L denotes the gap between the age of 
death and the life expectancy of the standard life table 
death age group; YLD = P×DW, P stands for the number 
of people affected by a disease, and DW symbolizes the 
disability weight [13]. To illustrate the long-term trend in 
the ASRs of CKD burden, the estimated average percent-
age change (EAPC) was derived from a regression model 
fitting the natural logarithm of the ASR to the calendar 
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year. The natural logarithm of rate is assumed to fit a 
linear regression model, Y = α + βX + ε, where Y is equal 
to ln (rate), β indicates the positive or negative chang-
ing trends, X refers to calendar year, and ε is error. Thus, 
EAPC = 100×(exp(β)-1) and its 95% confidence interval 
(CI) were obtained from the linear regression model.

Then, using the decomposition method, we calculated 
the relative contributions of the 3 components (popula-
tion growth, aging, and epidemiological shifts) to the dif-
ference in number of original DALYs for CKD from 1990 
to 2021 for the global and China population [14].

To further assess the effects of socioeconomic factors, 
we employed the SDI. The SDI is a composite measure 
that encapsulates three key indicators: a total fertility rate 
under 25 (TFU 25), lag-distributed income per capita 
(LDI), and mean education for individuals aged 15 and 
above (EDU 15+), which exhibited a strong correlation 
with population health outcomes and social development 
status [15]. The SDI is used to categorize countries into 
quintiles: low SDI (low income, low education, high fer-
tility); low-middle SDI; middle SDI; high-middle SDI; and 
high SDI [16]. The GBD 2021 results are available in an 
online visualization on GBD Compare and can be down-
loaded from the GBD Results Tool.

Then, the Slope Index of Inequality (SII) and Concen-
tration index (CI) were used as standardized indicators 
to quantify the distributive inequality of CKD disease 
burden across countries. The SII is calculated using a 
regression analysis that relates a country’s DALY rates 
to its relative SDl position, defined by the population’s 
midpoint in a cumulative distribution ranked by SDI. The 
examination of heteroscedasticity is conducted through 
the implementation of a weighted regression model. 
The CI is calculated by numerical integration of the area 
under the Lorenz concentration curve and ranges from 
− 1 to 1, which was fitted using the cumulative fraction 
of DALYs and cumulative relative distribution of the 
population ranked by SDI. A negative CI value indicates a 
higher concentration of CKD burden among populations 
residing in countries with a lower SDI.

Furthermore, to examine the relationship between 
CKD prevalence and sociodemographic trends, we con-
structed a frontier analysis based on ASDR and SDI using 
data from 1990 to 2021. This approach enables a more 
nuanced understanding of potential shifts at the national 
or regional level.

All statistical analyses and graphics were performed in 
R (version 4.3.3 R Foundation).

Results
Prevalence, incidence, and dalys of the global CKD burden 
from 1990 to 2021
In 2021, there were 19,935,037.76 [95% uncertainty inter-
val (UI): 18,702,792.56-21,170,794.11] incident cases of 

CKD in 2021. The ASIR was 233.56 per 100,000 popu-
lation (95% UI: 220.02-247.24), representing a 21.5% 
increase since 1990 (Table  1). Furthermore, the global 
prevalence of CKD in 2021 was 673,722,703.23 (95% UI: 
629,095,119.06–722,364,095.72), accounting for 8.54% 
of the global population. This represents a substantial 
increase of 92.0% from the 1990 estimates. The ASPR 
was 8,006.00 per 100,000 population (95% UI: 7,482.12-
8,575.62), indicating a 0.83% decrease since 1990 
(Table  2). Furthermore, there were 44,453,683.61 (95% 
UI: 40,840,761.54-48,508,462.34) cases of CKD DALYs in 
2021. The ASDR was 529.62 per 100,000 population (95% 
UI: 486.25-577.42), representing a 10.4% increase since 
1990 (Table  3). From 1990 to 2021, the EAPCs in the 
ASPR, ASIR and ASDR were 0.01 (95% CI: -0.02-0.04), 
0.64 (95% CI: 0.63–0.65), and 0.37 (95% CI: 0.33–0.41), 
respectively (Tables 1, 2 and 3). These figures illustrate an 
increase in the global burden due to CKD.

In 2021, notable disparities in the incidence, prevalence 
and DALYs of CKD were observed across 204 countries 
and territories (Fig. 1). Regional-level estimates are pre-
sented in Tables 1 and 2, and 3, while country-level data 
are provided in Supplementary Tables S1, S2, and S3. 
Among these regions, Central Latin America had the 
highest ASIR of CKD, with 411.41 cases per 100,000 
population (95%UI: 390.17-431.32). The EAPC for 
CKD in Central Latin America was 1.43 (95%CI: 1.36–
1.5) (Table  1; Fig.  1A). The highest ASPR of CKD was 
reported in Central Asia, at 10,698.24 cases per 100,000 
population (95% UI: 10,022.94-11,348.10), with the EAPC 
of 0.02 (95% CI: 0.01–0.03) (Table  2; Fig.  1C). Within 
the 21 GBD super-region, Central Latin America had 
the highest ASDR [1171.14 (95% UI: 1054.82-1316.26]. 
The EAPC for ASDR in this region was 1.75 (95% CI: 
1.32–2.18) (Table  3; Fig.  1E). From 1990 to 2021, there 
had been notable variations in the changes observed in 
ASDR, with a decrease of 30.1% in East Asia super-region 
and an increase of 90.8% in High-income North Amer-
ica super-region (Table 3). Figure 2 illustrates the nega-
tive relationship between ASDR and SDI, showing the 
observed and projected levels for each site from 1990 to 
2021.

At the national level, India and China had the highest 
prevalence of CKD, with 128.03 million (95% UI: 118.51-
138.72) and 118.40 million (95% UI: 109.39-127.48) cases, 
respectively (Supplementary Table S1). In 2021, China 
recorded the highest number of new CKD cases, totaling 
3.32 million (95% UI: 3.07–3.56), followed by India with 
2.24  million (95% UI: 2.06–2.41) (Supplementary Table 
S2). Furthermore, India and China also had the high-
est burden of CKD in terms of DALYs, with 6.49 million 
(95% UI: 5.59–7.50) and 6.13 million (95% UI: 5.18–7.21) 
DALYs, respectively (Supplementary Table S3). Saudi 
Arabia had the highest ASIR of CKD in 2021, at 495.83 
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cases per 100,000 population (95% UI: 465.09-529.64), 
with the EAPC of 1.58 (95% CI: 1.47–1.69) (Supplemen-
tary Table S1, Fig.  1A). Mauritius reported the highest 
ASPR, with 11,411.55 cases per 100,000 population (95% 
UI: 10,649.12-12,263.72) and the EAPC of 0.24 (95% CI: 
0.21–0.28) (Supplementary Table S2, Fig. 1C). The high-
est ASDR is in Mauritius (2,196.12 per 100,000 popula-
tion; 95% UI: 2,043.11-2,318.87), with the EAPC of 2.02 

(95% CI: 1.66–2.37) (Supplementary Table S3, Fig.  1E). 
Over the past three decades, China experienced a sig-
nificant reduction in the ASDR of CKD, with a decline of 
31.1%. El Salvador has experienced the most significant 
increase in CKD ASDR, with a 142.8% rise, highlighting 
the country’s growing burden of CKD. (Supplementary 
Table S3).

Fig. 1 The global incidence, prevalence and DALYs burden of CKD in 204 countries and territories. (A) The ASIR (per 100,000 population) of CKD in 2021. 
(B) The EAPC of ASIR for CKD between 1990 and 2021. (C) The ASPR (per 100,000 population) of CKD in 2021. (D) The EAPC of ASPR for CKD between 
1990 and 2021. (E) The ASDR (per 100,000 population) of CKD in 2021. (F) The EAPC of ASDR for CKD between 1990 and 2021. DALYs: disability-adjusted 
life years; ASIR: age-standardized incidence rate; ASPR: age-standardized prevalence rate; ASDR: age-standardized DALYs rate; EAPC: estimated annual 
percentage change; CKD: chronic kidney disease
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Fig. 2 (A) The ASDR due to CKD globally and for 21 GBD regions by SDI from 1990 to 2021. For each region, points from left to right depict estimates from 
each year from 1990 to 2021. (B) The ASDR due to CKD for 204 countries by SDI in 2021. The expected age-standardized rates in 2021 based solely on 
SDI were represented by the black line. DALYs: disability-adjusted life years; ASDR: age-standardized DALYs rate; CKD: chronic kidney disease; GBD: Global 
Burden of Disease; SDI: socio-demographic index
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Decomposition analysis of CKD burden
Decomposition analysis of the DALYs for CKD showed 
that, globally, population growth accounted for 50.82% 
of the increase in disease burden, while aging contrib-
uted 37.48% (Fig. 3, Supplementary Table S4). In China, 
population growth and aging contributed 51.17% and 
150.82%, respectively. The impact of aging varied across 
different SDI regions, with the highest impact in low-SDI 
regions (119.41%), followed by 60.63%, 43.54%, 39.19%, 
and 24.34% in low-middle, middle, high-middle, and 
high-SDI regions, respectively (Supplementary Table S4). 
The adverse effect of aging on disease burden diminishes 
with lower SDI levels. Epidemiological changes led to a 
global increase in disease burden, particularly in high-
SDI regions, where the rise was 31.8% (Supplementary 
Table S4).

Cross-national CKD health inequality
The study also revealed significant absolute and relative 
inequalities in CKD burden associated with SDI. The 
inequality slope index indicated a reduction in the DALYs 
rate gap between the highest and lowest SDI countries, 
from − 242.43 (95% CI: -310.45 to -174.41) in 1990 to 
16.42 (95% CI: -107.89 to 140.73) in 2021 (Fig. 4A). The 
crude DALY rates declined with increasing SDI lev-
els, both in 1990 and 2021. This indicates that countries 
with higher SDI levels typically have lower crude DALY 
rates. The concentration index changed slightly from 
− 0.06 (95% CI: -0.08 to -0.04) in 1990 to 0.03 (95% CI: 0 
to 0.03) by 2021 (Fig. 4B). China and India showed some 
improvements over these three decades. The change in 
the concentration index suggests that, while DALY rates 
were more concentrated among countries with lower SDI 
levels in 1990, the distribution of DALY rates across dif-
ferent SDI levels had become more balanced by 2021.

Frontier analysis for the relationship between CKD dalys 
and the status of the countries’ development
A frontier analysis was conducted using data from 1990 
to 2021, employing DALYs and SDI to assess disparities 
between nations and regions and the optimal frontier. 
This research evaluated the potential for mitigating the 
burden of CKD in relation to distinct stages of develop-
ment. From 1990 to 2021, DALYs decreased globally 
across various SDI levels, suggesting an overall decline 
in CKD burden (Fig.  5A). As sociodemographic devel-
opment progresses, the effective difference increases, 
indicating that countries or regions with a higher SDI 
have greater potential for reducing the burden of CKD. 
The top five countries or regions with the largest effec-
tive difference from their frontier in 2021 (range of effec-
tive difference: 2,117.80 to 332.72) included Mauritius, 
American Samoa, El Salvador, Nauru, and Saudi Arabia 
(Fig.  5B, Supplementary Table S5). The solid black line 
represents the frontier, and the dots represent the coun-
tries and regions. The blue dots indicate an upward trend, 
while the red dots indicate the opposite. DALYs tended 
to decrease with increasing socioeconomic development. 
However, the trend in DALYs varied across countries, 
with some countries experiencing further reductions and 
others experiencing increases. This variability in DALY 
trends may reflect uneven progress in global health devel-
opment, particularly in reducing the burden of CKD.

Discussion
Based on the GBD data, this study systematically ana-
lyzed the trends in incidence, prevalence, and DALYs 
of CKD worldwide from 1990 to 2021. The results 
showed that the global incidence and prevalence of CKD 
increased significantly by 21.5% and 92.0%, respectively, 
in 2021 compared with 1990. In addition, global DALYs 
for CKD also showed an upward trend, increasing by 
10.4% since 1990. These data suggest that the burden of 
CKD continues to increase, particularly in LMICs. This 

Fig. 3 Changes in CKD DALYs according to population-level determinants of population growth, aging, and epidemiological change from 1990 to 2021 
at the global level, China, and by SDI quintile. (A) Both, (B) Male, and (C) Female. The black dot represents the overall value of change contributed by all 3 
components. DALYs: disability-adjusted life years; CKD: chronic kidney disease; SDI: socio-demographic index
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Fig. 4 Cross-national CKD health inequality. (A) Absolute income-related healthy inequality in CKD burden, presented using regression lines, 1990 vs. 
2021. (B) Relative income-related healthy inequality in CKD burden, presented using concentration curves, 1990 vs. 2021
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Fig. 5 (See legend on next page.)
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increase may be attributed to factors such as population 
growth, ageing and lifestyle changes [17]. Although the 
ASPR decreased slightly, it did not fully compensate for 
the increase in the absolute number of CKD cases. More-
over, almost all countries/regions experienced an increase 
in the ASIR and in the ASDR, suggesting that the impact 
of CKD on global health is increasing. Despite this, this 
study showed a 30% decline in ASDR in East Asia over 
the past three decades. The negative correlation between 
the SDI and ASDR indicates that social development has 
a positive impact on human health and longevity.

The global burden of diabetes and hypertension will 
continue to rise as the population ages and life expec-
tancy increases, with a corresponding increase in the 
burden of CKD [18]. Decomposition analysis revealed 
that population growth and aging contributed 50.82% 
and 37.48%, respectively, to the increase in the global 
burden of CKD. In China, these factors had an even 
greater impact, contributing 51.17% and 150.82%, respec-
tively. This might partly be due to large population. The 
ageing population has led to a significant increase in the 
prevalence and mortality from CKD in China. More-
over, China and India together account for nearly half of 
the global CKD deaths and DALYs attributable to high 
sodium intake [19]. This phenomenon may be related to 
a number of factors, including dietary habits and food 
processing methods. Nevertheless, the burden of disease 
in China has decreased over the past three decades. This 
decline may be partly attributed to improvements in edu-
cation, health care, and environmental protection [20]. 
The prevalence and mortality of CKD are projected to 
continue to increase until 2029 [21]. Aging had a partic-
ularly pronounced effect in low-SDI regions. Epidemio-
logical changes also played a role, especially in high-SDI 
regions, suggesting that improvements in healthcare and 
lifestyle factors were sufficient to counteract the rising 
burden of CKD. This finding highlights the need to take 
demographic change into account when developing pub-
lic health strategies. To lower the disease burden of CKD, 
a comprehensive strategy is required, including risk fac-
tor prevention in primary care, CKD screening in the 
elderly and high-risk population. Elderly patients with 
CKD require an integrated multidisciplinary strategy to 
manage their multimorbidity, polypharmacy and high 
rates of poor outcomes.

There are significant differences in the prevalence of 
CKD and DALYs between different GBD regions. For 

example, Central Asia has the highest ASPR, while Cen-
tral Latin America has the highest ASIR and ASDR of 
CKD in 2021. These differences may be related to factors 
such as economic development, the availability of medi-
cal resources, environmental exposures, and lifestyle in 
these regions. Diabetes, hypertension, cardiovascular dis-
ease, smoking, and obesity are among the known risk fac-
tors for kidney disease. Moreover, ambient air pollution, 
particularly PM2.5 pollution, is estimated to account for 
17–20% of the global burden of CKD [22]. Large epide-
miological studies have shown that PM2.5 exposure is 
associated with an increased risk of incident CKD, CKD 
progression and development of ESKD [23, 24]. The 
underlying mechanisms include elevated blood pressure, 
increased oxidative stress and inflammatory response, 
insulin resistanse [25]. In Central Asia, these health 
challenges may be exacerbated by the region’s industrial 
profile. Central Asia is a key region for the extraction of 
mineral resources, especially copper, gold, uranium, and 
other metal ores. As a result, the region has well-devel-
oped power plants and metallurgical industries, and high 
levels of coal consumption can lead to air pollution with 
NOx, SO2, and PM [26]. In contrast, the higher burden 
of disease in Central Latin America may be related to 
inadequate public health funding, low uptake of perito-
neal dialysis, and a shortage of health workers [17]. These 
geographic disparities should be considered in targeted 
public health initiatives and the allocation of health care 
resources.

In terms of inequality between countries, the dis-
ease distribution map and cross-regional comparisons 
showed that the burden of CKD was closely related to the 
socioeconomic index, which was consistent with previ-
ous findings [27]. In LMICs, the prevalence of CKD has 
risen, primarily due to the increasing burden of non-
communicable diseases like diabetes and hypertension, 
as well as communicable and infectious diseases such as 
HIV and various types of hepatitis. Environmental and 
occupational exposures, including heavy metals, tradi-
tional (herbal) medicines, and pesticides, have also con-
tributed to this trend [28]. Consequently, the number of 
years lost to illness, disability, or premature death from 
CKD is substantially higher in these regions compared 
to high-income countries [29]. The combination of these 
factors, together with the fragility of health systems and 
lack of funding, hinders progress in the prevention and 
early detection of CKD in LMICs [30]. Interestingly, the 

(See figure on previous page.)
Fig. 5 (A) Frontier analysis based on SDI and CKD DALYs rate from 1990 to 2021. (B) Frontier analysis based on SDI and CKD DALYs rate in 2021. The frontier 
is delineated in solid black color; countries and territories are represented as dots. The top 15 countries with the largest effective difference (largest CKD 
DALYs gap from the frontier) are labeled in black; examples of frontier countries with low SDI (< 0.5) and low effective difference are labeled in blue, and 
examples of countries and territories with high SDI (> 0.85) and relatively high effective difference for their level of development are labeled in red. Red 
dots indicate a decrease in ASDR from 1990 to 2021; blue dots indicate an increase in ASDR from 1990 to 2021. DALYs: disability-adjusted life years; ASDR: 
age-standardized DALYs rate; CKD: chronic kidney disease; SDI: Socio-demographic index
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decrease in the inequality slope index indicates that the 
rate of DALYs between high and low SDI nations was 
narrowing, which was a positive trend. However, the 
changes in the concentration index and the inequality 
slope index have shifted from a negative to a positive cor-
relation, suggesting that the DALY rate has increased in 
high-income regions instead. Since 1990, the burden of 
CKD has increased in high-income areas, largely due to 
risk factors such as diabetes, hypertension, obesity, AKI, 
kidney stones, preeclampsia, population ageing, which 
are more commonly in areas with higher SDI regions 
[18]. This suggests that despite global progress in reduc-
ing health inequality, targeted interventions in low-SDI 
areas are needed to further reduce the burden of CKD.

The frontier analysis showed an overall trend of 
decreasing DALYs in CKD with increasing SDI. Despite 
this trend, there remains a degree of heterogeneity in the 
differences in effectiveness across SDI levels. Remark-
ably, low-SDI countries including Somalia, Niger, Papua 
New Guinea, Yemen, and Bangladesh have demonstrated 
outstanding management of CKD burden. Despite lim-
ited resources, these countries and territories have per-
formed admirably in managing the burden of CKD, and 
their policies and practices deserve further study. Con-
versely, upper-middle–income countries, such as Mau-
ritius, Nauru, American Samoa, and Saudi Arabia, did 
not perform as expected in controlling the CKD burden. 
In 2017, Mauritius ranked second in the world for CKD 
prevalence and mortality. Mauritius also had the high-
est ASDR of CKD attributable to high sodium intake in 
2019 [19]. For many years, Mauritius has ranked among 
the top five countries in terms of diabetes prevalence 
[31]. Factors such as geographical location and lifestyles 
may play a role in this discrepancy. These differences may 
reflect variations in the burden of CKD across countries 
and regions, possibly related to disparities in access to 
healthcare and socioeconomic development.

CKD is a global problem with significant regional and 
national variations in burden, which are influenced by a 
variety of factors including socioeconomic status, life-
style, environmental exposures, and access to healthcare. 
The disease burden of CKD can be effectively reduced 
through several key strategies: strengthening risk factor 
management, optimizing health care resource allocation, 
developing strategies to address the needs of aging popu-
lations, reducing health inequalities, and implementing 
data-driven policies. These policy recommendations will 
not only improve the prognosis of patients with CKD 
but also contribute to more equitable health outcomes 
worldwide.

There are some limitations of this study that need to be 
discussed. First, there was some bias between the GBD 
estimate of CKD burden and the actual data due to dif-
ferences in data collection tools and methods over time 

and across countries/regions. For example, the burden of 
CKD may be underestimated in LMICs areas due to the 
lack of healthcare resources, such as diagnostic equip-
ment and specialized nephrologists. Second, the defini-
tion of disease impairment in this study was limited by 
simple disease descriptions that ignored comorbidities 
and disease complexity, which may lead to inaccurate 
burden estimates. Moreover, although the relationship 
between DALYs and SDI was interpretive, it cannot be 
considered causal. Further research is needed to eluci-
date how socioeconomic factors influence the burden 
of CKD. Lastly, the global model used in this study may 
not fully capture the complexity and diversity of specific 
regions, such as differences in access to health care or 
local environmental factors, which may lead to inaccu-
rate estimates of burden in some regions. Despite these 
limitations, the GBD 2021 database remains valuable for 
health system officials to develop interventions, address 
modifiable risk factors, and effectively prevent CKD.

Conclusion
In conclusion, the burden of CKD has increased globally 
over the past 30 years as the population ages. Our find-
ings underscore the importance of CKD as a global health 
problem and highlight differences in the burden of CKD 
between regions and countries. The findings highlight the 
need for a multifaceted approach to the prevention and 
management of CKD, including population-level inter-
ventions targeting risk factors, improved access to health 
services, and policies to address health inequalities.
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