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Abstract
Background: Chronic kidney disease (CKD) is a serious public
health issue worldwide, but the disease burden of CKD caused
by different etiologies and changing trends has not been fully
examined.Methods:We collected data from Global Burden of
Disease Study 2019 (GBD 2019), including incident cases, age-
standardized incidence rate (ASIR), disability-adjusted life
years (DALYs), and age-standardized DALY rate between 1990
and 2019 by region, etiology, age, and sex, and calculated the
estimated annual percentage change (EAPC) of the rate to
evaluate the epidemiological trends. Results: Globally, inci-
dent cases of CKD increased from 7.80 million in 1990 to 18.99
million in 2019, and DALYs increased from 21.50 million to
41.54 million. ASIR increased with an EAPC of 0.69 (95% un-
certainty interval [UI] 0.49–0.89) and reached 233.65 per
100,000 in 2019, while the age-standardized DALY rate in-
creased with an EAPC of 0.30 (95% UI 0.17–0.43) and reached
514.86 per 100,000. North Africa and the Middle East, central
Latin America, and North America had the highest ASIR in

2019. Central Latin America had the highest age-standardized
DALY rate, meanwhile. Almost all countries experienced an
increase in ASIR, and over 50% of countries had an increasing
trend in age-standardized DALY rate from 1990 to 2019. CKD
due to diabetes mellitus type 2 and hypertension accounted
for the largest disease burden with 85% incident cases and
66% DALYs in 2019 of known causes, with the highest growth
in age-standardized DALY rate and a similar geographic
pattern to that of total CKD. Besides, the highest incidence rate
of total and four specific CKDs were identified in people aged
70 plus years, who also had the highest DALY rate with a stable
trend after 2010. Females had a higher ASIR, whilemales had a
higher age-standardized DALY rate, the gap of which was
most distinctive in CKD due to hypertension. Conclusion: The
disease burden of CKD remains substantial and continues to
growglobally. From 1990 to 2019, global incident cases of CKD
have more than doubled and DALYs have almost doubled,
and surpassed 40 million years. CKD due to diabetes mellitus
type 2 and hypertension contributed nearly 2/3 of DALYs in
2019 of known causes, and had witnessed the highest growth
in age-standardized DALY rate. Etiology-specific prevention
strategies should be placed as a high priority on the goal of
precise control of CKD. © 2023 The Author(s).
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Introduction

Due to population growth and aging, chronic kidney
disease (CKD) has become a serious public health prob-
lem, with its high prevalence of over 697.5 million cases
worldwide in 2017 [1]. Simultaneously, CKD carries a high
risk of accelerated cardiovascular disease and progression
to end-stage renal disease, a serious complication with
poor prognosis of costly renal replacement therapy by
dialysis or transplantation, which compromises the quality
of life individually and causes substantial disease burden
globally [2]. According to the statistics fromGlobal Burden
of Disease Study (GBD), CKD resulted in 1.2 million
deaths in 2017, ranking from 17 in 1990 to 12 in 2017 [1],
and it is predicted to become the fifth leading cause of
death by 2040 [3]. In response to the tremendous burden
of CKD on global health, many countries have raised
public awareness, developed prevention or intervention
strategies, and provided integrated CKD care [4].

The main etiologies of CKD vary in different areas. For
example, diabetes and hypertension were the leading
causes of CKD in all developed countries and many de-
veloping countries. Glomerulonephritis and unknown
causes were more common in countries in Asia and sub-
Saharan Africa [5]. In addition, the burden of CKD was
disproportionately distributed geographically and demo-
graphically. Generally, the number of years lost due to ill-
health, disability, or early death caused by CKD is much
more pronounced in low- and lower middle-income
countries [6]. The prevalence of CKD was higher in fe-
males than inmales andmost common in older people [7].
Knowing the pattern of CKD, which is changing with time,
would facilitate the implementation of targeted policies
and promotion of precise prevention and treatment.

Most previous studies on the burden and trends of
CKD were national and regional epidemiological inves-
tigations or data reports [8–10]. There have also been
some global studies depicting the global distribution and
analyzing age or sex disparities [6, 11, 12]; however, a
thorough and detailed burden due to different etiologies
has seldom been performed. A comprehensive study on
the disease burden of CKD caused by different etiologies
as well as changing trends using the most updated data
will be of great value. Therefore, we analyzed the inci-
dence and disability-adjusted life year (DALY) of CKD in
the general population by region, etiology, age, and sex for
the period 1990–2019 using the results from GBD 2019,
aiming to provide a better understanding of the disease
burden and trends in total and four specific CKDs at the
global, regional, national, age, and sex levels and offer
some constructive prevention strategies.

Materials and Methods

The GBD study provides a detailed epidemiologic assessment of
369 diseases and injuries by age and sex on a global scale and for
204 countries and territories from 1990 to 2019. Data were
extracted from surveys, censuses, vital statistics, and other health-
related data source. A Bayesian meta-regression modeling tool
(DisMod-MR 2.1) and a systematized tool (CODEm) were used in
the computation of GBD estimates of incidence and fatal out-
comes, respectively [13].

We collected data from the Global Health Data Exchange query
tool (http://ghdx.healthdata.org/gbd-results-tool), including an-
nual incident cases, age-standardized incidence rate (ASIR),
DALYs, age-standardized DALY rate of CKD, with 95% uncer-
tainty intervals (UI), by region, etiology, age, and sex from 1990 to
2019. GBD 2019 had 21 regions and 7 superregions. Cause list code
included total CKD (code B.8.2 “chronic kidney disease”) and five
subtypes of CKD (B.8.2.1 “chronic kidney disease due to diabetes
mellitus type 1,” B.8.2.2 “chronic kidney disease due to diabetes
mellitus type 2,” B.8.2.3 “chronic kidney disease due to hyper-
tension,” B.8.2.4 “chronic kidney disease due to glomerulone-
phritis,” B.8.2.5 “chronic kidney disease due to other and un-
specified causes”). In our study, we selected the total and four
specific CKDs with clear etiology (B.8.2.1–4). Based on the clinical
prevalence, risk factors, and etiology of chronic kidney diseases
across varied age ranges, study purpose, and the accessibility of
data, we artificially categorized age into four groups [children
(aged 0–14), young adult (aged 15–49), middle-aged adults (aged
50–70), elderly (aged 70 plus)].

We further calculated the annual percentage change (EAPC)
of the age-standardized incidence or DALY rate to evaluate the
epidemiological trend within a specific time interval. 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 changing trends, X refers to calendar year, and ε is
error. Thus, EAPC = 100 × (eβ−1) and its 95% confidence interval
were obtained from the linear regression model. All statistical
analyses and graphics were performed in R (version 3.5.3, R
Foundation).

Results

The overall global number of incident cases of CKD was
7,796,328 (95% UI: 7,174,529–8,485,391) in 1990 and in-
creased to 18,986,903 (95% UI: 17,556,535–20,518,156) in
2019. Globally, the incident cases of the four specific CKDs
accounted for less than 30% of the total. As with 1990, the
order from most to least was CKD due to diabetes mellitus
type 2, hypertension, glomerulonephritis, and diabetes
mellitus type 1 in 2019. CKD due to diabetes mellitus type 2
and hypertension accounted for the largest disease burden
with 85% of incident cases in 2019 of known causes. ASIR
increased from 192.45 per 100,000 (95%UI: 177.31–209.05)
in 1990 to 233.65 per 100,000 (95% UI: 216.56–252.31) in
2019, with an EAPC of 0.69 (95% UI: 0.49–0.89). The
highest EAPC was found in CKD due to diabetes mellitus
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type 1 (1.21). DALYs increased from 21,504,571 (95% UI:
20,039,116–23,065,777) in 1990 to 41,538,592 (95% UI:
38,291,809–45,037,865) in 2019. The DALYs of four
specific CKDs accounted for more than 60% of total CKD
globally, with CKD due to hypertension contributing the
largest part, followed by diabetes mellitus type 2, glo-
merulonephritis, and diabetes mellitus type 1 in 2019.
CKD due to diabetes mellitus type 2 and hypertension
accounted for the largest disease burden with 66% DALYs
in 2019 of known causes. The age-standardized DALY rate
increased from 484.46 per 100,000 (95% UI:
452.28–518.67) to 514.86 per 100,000 (95% UI:
474.91–558.86), with an EAPC of 0.30 (95% UI:
0.17–0.43). The highest EAPC was CKD due to diabetes
mellitus type 2 and hypertension, namely, 0.73, 0.48
(Table 1).

The highest ASIR in 2019 was observed in the re-
gions of North Africa and the Middle East, central
Latin America, and North America, while the lowest
ASIR was seen in sub-Saharan Africa, Oceania, Eastern
Europe and Asia, except Southeast Asia (Fig. 1a). CKD
due to diabetes mellitus type 2 and hypertension
shared a similar geographic pattern of ASIR with total
CKD. For CKD due to glomerulonephritis and diabetes
mellitus type 1, the highest ASIR was also identified in
Eastern Europe, and Central Asia, while the lowest
were no longer found in Eastern Europe and western
sub-Saharan Africa compared to total CKD (online
suppl. Material pp. 2–5; for all online suppl. material,
see https://doi.org/10.1159/000534071). The age-
standardized DALY rate varied considerably across
the world, with the highest found in central Latin
America and the lowest found in Europe and Aus-
tralasia (Fig. 2a). Looking at the four specific CKDs, the
age-standardized DALY rate was also notably high in
Southeast Asia and Oceania for CKD due to diabetes
mellitus type 1 (online suppl. Material pp. 6–9).

The ASIR from 1990 to 2019 increased in 204
countries except Ireland (online suppl. Material
pp. 11–45). The most increased regions were Andean
Latin America, North Africa and the Middle East, Central
Asia, while the least increased regions were high-income
North America, high-income Asia Pacific, Western Eu-
rope, and Australasia (Fig. 1b). Among the four specific
etiologies, CKD due to glomerulonephritis and diabetes
mellitus type 1 differed from total CKD. CKD due to

diabetes mellitus type 1 had the highest EAPC in Eastern
Europe, and the lowest EAPC was not seen in Western
Europe and Australasia. High-income North America
and Asia Pacific had the lowest EAPC among the four
specific causes; strikingly, these two regions even showed
decreasing trends of ASIR in CKD due to glomerulo-
nephritis. The age-standardized DALY rate from 1990 to
2019 decreased in nearly half of the countries (online
suppl. Material pp. 11–45). The most pronounced in-
crease was detected in central Latin America, high-
income North America, and the Caribbean, while the
most significant decrease was detected in high-income
Asia Pacific, followed by eastern and central sub-Saharan
Africa, East Asia, central and Eastern Europe (Fig. 2b).
The four specific causes had roughly similar highest and
lowest regions with total CKD.

From 1990 to 2019, Andean Latin America, North
Africa, and the Middle East experienced the largest in-
crease, while Eastern and Western Europe and North
America saw the lowest increase in incident cases
(Fig. 1c). CKD due to diabetes mellitus type 2 and hy-
pertension shared a geographic pattern similar to that of
total CKD. For CKD due to glomerulonephritis and
diabetes mellitus type 1, the highest increases were found
in North Africa and the Middle East and western sub-
Saharan Africa, while the lowest increases were also
identified in East Asia, Asia Pacific, southern Latin
America, and central Europe. The largest increase in
DALYs was found in central Latin America, while the
lowest increase was found in central and Eastern Europe
and East Asia (Fig. 2c). For the specific etiologies of CKD,
the age-standardized DALY rate was notably decreased in
East Asia for CKD due to diabetes mellitus type 1, in
Eastern Europe for CKD due to glomerulonephritis, and
in central Europe, Asia Pacific for both causes.

Figure 3 presents the age-specific CKD incidence and
DALY rate. Among the four age groups, the elderly had
the highest incidence rate, followed by middle-aged
adults, young adults, and children in total, and four
specific CKDs except for CKD due to diabetes mellitus
type 1, in which the incidence rate was found to be ex-
traordinarily high in children. Similarly, the elderly had
the highest DALY rate except for CKD due to diabetes
mellitus type 1, where middle-aged adults possessed the
highest DALY rate. With regard to the trends, the in-
crease in incidence was most pronounced with the year,

Fig. 1. The ASIR in 2019, EAPC of ASIR, and change of incident cases between 1990 and 2019 due to total CKD.
ASIR in 2019 (a), EAPC of ASIR between 1990 and 2019 (b), changes of incident cases between 1990 and 2019 (c).
ASIR, age-standardized incidence rate; EAPC, estimated annual percentage change; CKD, chronic kidney disease.
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especially in the elderly. The DALY rate changed from an
upward trend to a stable trend in approximately 2010.

The ASIR was higher in females for total CKD (online
suppl. Material p. 10). Among the four etiologies, of
special note, the ASIR in males surprisingly exceeded that
in females. In contrast, the age-standardized DALY rate
was higher in males for total CKD and all specific CKDs.
For trends, generally, total CKD had a steady increase in
ASIR and a relatively stable age-standardized DALY rate
after 2010. Notably, the age-standardized DALY rate of
CKD due to hypertension varied dramatically by sex, with
males showing significantly higher rates than females,
even though the ASIR was slightly higher in males.

Discussion

Our study highlights that CKD is still a serious global
public health issue, considering the upward trend in the
incidence rate and a substantial DALY rate of total

CKD. Geographically, North Africa and the Middle East
were the “hotspot” regions with the highest ASIR, and
central Latin America had the highest age-standardized
DALY rate of total CKD in 2019. Almost all countries
experienced an increase in ASIR, and over 50% of
countries had an increase in age-standardized DALY
rates from 1990 to 2019. Demographically, the elderly
had the highest DALY rate, which peaked in 2010 and
remained at a high level thereafter. Males had higher
age-standardized DALY rate than females, and the gap
in the DALY rate was most distinctive in CKD due to
hypertension.

We found the highest ASIR of total CKD in North
Africa and the Middle East in 2019, which might be
potentially shortage in the noncommunicable disease
prevention strategy in this region [14, 15], where the
prevalence of diabetes and hypertension – common
etiologies of CKD – were increased significantly over
the past three decades [16–18]. Meanwhile, despite
larger budgets for health services, some higher income

Fig. 2. The age-standardized DALY rate in 2019, EAPC of age-standardized DALY rate, and change of DALYs
between 1990 and 2019 due to total CKD. Age-standardized DALY rate in 2019 (a), EAPC of age-standardized
DALY rate between 1990 and 2019 (b), changes in DALYs between 1990 and 2019 (c). DALY, disability-adjusted
life year; EAPC, estimated annual percentage change; CKD, chronic kidney disease.

a b c ed

f g h i j

Fig. 3. The incidence rate and DALY rate of total and four
specific CKDs among different age groups between 1990 and
2019. a–e Age-specific incidence rate among between 1990 and
2019. f–j Age-specific DALY rate between 1990 and 2019. Blue
lines indicate 0–14 years of age, orange lines indicate

15–49 years of age, green lines indicate 50–69 years of age, red
lines indicate 70+ years of age. CKD, chronic kidney disease;
DALY, disability-adjusted life year; T1DM, type 1 diabetes
mellitus; T2DM, type 2 diabetes mellitus; HTN, hypertension;
GN, glomerulonephritis.
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countries might be subject to limited resources for the
prevention of CKD and its risk factors, diabetes, hy-
pertension, and obesity [19]. Additionally, a lack of
awareness of knowledge about risk factors of CKD was
also observed in some high-income countries [20].
Thus, it is a pressing issue for the government to call
for cost-effective management in CKD, such as en-
hancing primary care to improve people’s awareness of
CKD prevention and implementing early detection
and preventive measures for the potential etiologies
and risk factors for CKD. Unexpectedly, sub-Saharan
Africa with extremely poor life expectancies and little
government health expenditure had the lowest ASIR
from 1990 to 2019. The less advanced laboratory
testing and unavailable data in many African countries
might be responsible for the low “detected and re-
ported” incident cases [21, 22]. Therefore, it is im-
portant to raise the testing capacity and develop sus-
tainable approaches to data measurement in these
countries to discover the probably “masked” cases and
develop more suitable prevention strategies in accor-
dance with the real situation.

We identified that central Latin America had the
highest age-standardized DALY rate of total CKD in
2019, while Europe and Australasia had the lowest. The
reasons for the high disease burden in central Latin
America are likely attributed to poor public health
funding, shortage of health care workers [23]. Among
these, the most important was supposed to be unaf-
fordable costs and underutilization of cost-effective
dialysis therapies such as peritoneal dialysis, which
are widely accessible for most countries in Europe [24,
25]. Of note, an epidemic of rapidly progressive kidney
disease (mesoamerican nephropathy or CKD of un-
known etiology) with a high mortality rate has affected
some central Latin American countries, which possibly
causes a large number of deaths in young male workers
in El Salvador and Salvadoran [26, 27]. Although the
latest study identified heavy physical labor in heat as a
key risk factor [28], we still have little knowledge about
this rare etiology of CKD, and more comparative
studies and evidence are needed. In contrast, well-
equipped dialysis/transplant centers, an adequate
number of nephrologists, and abundant public funding
ensured a low age-standardized DALY rate in Europe
[24, 25]. Of the four specific etiologies, with hyper-
tension and diabetes being the major causes for most
regions, CKD due to glomerulonephritis was the main
contributor to the age-standardized DALY rate in
Eastern Europe and Australasia. Geographic disparities
in causes should be fully considered by policy-makers

when assessing the impact of prevention and control
programs and allocating health resources in their
countries.

We revealed a higher incidence rate and DALY rate
in the elderly than in other age groups for total CKD.
Elderly individuals are more likely to develop CKD
since a physiological aging process and intrinsic renal
disease [29]. Due to increasing life expectancy, the
growing geriatric population has led to an increased
number of CKDs and other chronic diseases [30]. In
addition, improved testing and early screening rec-
ommended by government and professional organi-
zations promote the detection of CKD [31]. The Na-
tional Kidney Foundation Kidney Early Evaluation
Program (KEEP), for instance, is a free community
screening program aimed at the early detection of
kidney disease in people at high risk, such as hyper-
tension or diabetes patients and elderly people [32].
Among the four specific etiologies, the elderly had the
highest incidence rate except for CKD due to diabetes
mellitus type 1, in which the children’s group had the
highest incidence rate. However, considering the small
proportion of CKD due to diabetes mellitus type 1
attributed to DALY of total CKD, the elderly pop-
ulation is still the focus. In our trend analysis, the
incidence rate of the elderly rapidly increased from
1990 to 2019, with CKD due to hypertension and di-
abetes mellitus type 2 as the main contributors. Elderly
individuals are prone to a variety of complications, even
CKD-related death, before the development of end-
stage renal disease [33, 34]. In contrast, the DALY rate
of the elderly peaked in 2010 and remained stable
thereafter, which may strongly correlate with the
control of etiology evidenced by the global im-
plementation of prevention and control action plans in
approximately 2010 [35].

Our study found that females generally had a higher
ASIR but a lower age-standardized DALY rate than males
for total CKD, which aligned with previous findings [12,
36, 37]. However, the ASIR of males surprisingly ex-
ceeded that of females in the four specific etiologies,
implying that females have a higher ASIR in CKD due to
other and unspecified causes, which warrant better
screening in females. Males had higher age-standardized
DALY rate, possibly due to the androgen effects, NO
metabolism, and excessive oxidative stress [38]. In ad-
dition, previous studies have shown that females are more
likely to adopt healthier lifestyles and have better control
overcomorbidities [39, 40]. Therefore, it is necessary to
develop sex-specific management strategies for more
precise control of CKD.
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Several limitations of our study should be acknowl-
edged. First, primary data were not available for all
countries, and mathematical models were used to esti-
mate incidence and DALYs for countries where infor-
mation was missing, while available data might not have
been obtained by the preferred CKD definition or
measurement method, which restricted the precision of
estimates. Second, in the GBD, total CKDwas categorized
into five CKDs. The subtype of CKD due to other and
unspecified causes contains diverse and complex etiol-
ogies, with no further detailed, specific data description.
Our study analyzes four specific etiologies of CKD and
may miss some causes with high incidence or DALYs.
Third, the 95% UIs are frequently wide, reflecting the low
precision of the estimates and potentially limiting the
ability to detect smaller differences among countries.

The disease burden of CKD remains substantial and
continues to grow globally. From 1990 to 2019, global
incident cases of CKD have more than doubled and
DALYs have almost doubled, and surpassed 40 million
years. CKD due to diabetes mellitus type 2 and hyper-
tension accounted for the largest disease burden with 85%
incident cases and 66% DALYs in 2019 of known causes,
and had witnessed the highest growth in age-standardized
DALY rate. Elderly individuals tended to have a higher
incidence and DALY burden in CKD due to diabetes
mellitus type 2, hypertension, and glomerulonephritis,
along with an increasing trend before 2010. Males have a
higher DALY burden than females, especially in CKD due
to hypertension. Therefore, cost-effective management is
still needed to curb these increasing trends, and etiology-
specific prevention strategies should be given high
priority.
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