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ABSTRACT

Objectives To assess the characteristics of the global
death burden imposed by chronic kidney disease (CKD)
and the attributable risk factors from 1990 to 2019 to
help inform a framework for policy discussions, resource
allocation and research priorities.

Design A population-based observational study.

Setting The death data and relative risk factors were
obtained from the Global Burden of Disease (GBD) Study
2019 database.

Main outcome measures Based on the GBD database,
we estimated the death burden attributable to CKD
stratified by sociodemographic index (SDI), geographic
location, sex, age group, time period and risk factors from
1990 to 2019.

Results Over three decade study period, the global
number of CKD-related deaths increased from 0.60 million
(95% uncertainty interval (Ul): 0.57-0.63 million) in 1990
to 1.43 million (95% UI: 1.31-1.52 million) in 2019. The
age-standardised death rate (ASDR) of CKD, among all
causes, increased from 15th in 1990 to 10th in 2019.
Globally, the ASDR in males was higher than that in
females. CKD-related deaths mainly occurred in those
aged over 50 years, especially in regions with higher
SDIs. The ASDR was negatively related to SDI (p=—0.603,
p<0.0001). Among risk factors, metabolic risk factors,
especially systolic blood pressure, fasting plasma glucose
and body mass index, were the main contributors to CKD-
related deaths. Although the high-temperature-related
death burden was low, the trend increased sharply in
lower SDI regions.

Conclusions CKD-related deaths continue to increase,
with the majority occurring in elderly adults. The CKD-
related death burden is higher in males than in females.
Additionally, the increasing high-temperature-related
death burdens in lower SDI regions should receive social
attention.

INTRODUCTION

Chronic kidney disease (CKD) refers
to chronic renal dysfunction caused by
various factors for more than 3 months.'?
According to relevant statistics, there were
an estimated 697.5million cases of CKD
worldwide in 2017." The prevalence of

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study evaluated the disease burden changing
trends of chronic kidney disease (CKD) over the past
three decades.

= The disease burden changing trends and the rela-
tive risk factors of CKD were quantified to reveal the
extent of the epidemic and suggest a framework for
policy discussions, resource allocation and research
priorities.

= Data on the impact of metabolic factors other than
blood pressure and blood glucose, such as tri-
glycerides, cholesterol or uric acid, on the global
burden of CKD are lacking.

CKD has increased with the ageing of
the population and has become a global
public health problem.” The incidence
rate increased by 29.3% compared with
that in 1990.' Once diagnosed with CKD,
the Kkidney function would gradually
decline until the end-stage renal disease or
even death, with little chance of reversal,
imposing a heavy economic burden on
society.

Studies have found that the sociode-
mographic index (SDI), human develop-
ment level, economic situation, and health
access and quality index are closely related
to the CKD incidence.*” Complex influ-
encing factors make the diagnosis and
treatment of CKD difficult, which seriously
increases the public health burden.® ’
Although several studies on CKD have been
conducted,1 19 Jetailed death burden anal-
yses of recent three-decade period are
scarce and need to be further studied.

In the context of current global Big
Data, deep quantitative analyses of CKD
morbidity and mortality and their influ-
encing factors are crucial in guiding
decisions by policymakers and health-
care providers. However, the details of
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CKD-related mortality have been poorly studied
worldwide. Considering these factors, we carried out
research on the global CKD-related death burden and
related risk factors from 1990 to 2019. We also anal-
ysed the numbers of deaths caused by CKD and the
age-standardised death rates (ASDRs) by time period,
region, age, risk factors and sex.

MATERIALS AND METHODS

Study data

Data analysed in the present study were obtained from
the online database the Global Health Data Exchange
(GHDx) query tool (http://ghdx.healthdata.org/ghd-
results-tool), which were based on literature studies,
survey data, surveillance data, medical records, health
insurance claims and statistical model analysis.'' The data-
base provides epidemiological data about 369 diseases
and 87 attributable risk factors in 204 countries and
territories from 1 January 1990 to 31 December, 2019,
disaggregated by time, location and sex and is constantly
updated by ongoing multinational cooperative organisa-
tions."* " Detailed research methods followed the Global
Burden of Disease (GBD) Study 2019."213 The SDI, based
on fertility, income per capita and educational attain-
ment, was used as a composite indicator of the degree
of health-related development at the national or regional
level. The SDI value ranges from 0 to 1, and all the coun-
tries were classified into five SDI regions: low-SDI, low-
middle-SDI, middle-SDI, high-middle-SDI and high-SDI
regions, according to the SDI quintiles. Regions with a
lower value indicated a lower degree of development
associated with health outcomes. In addition, countries
were divided into 21 regions according to geographical
location. Age-standardised rates (ASRs) based on the
updated standard population were also available in the
GBD 2019, allowing the analysis of CKD according to age
structure and population size.

Statistical analysis

Numbers and ASDRs, and associated 95% uncertainty
intervals (Uls) provided by GBD 2019, were analysed
to quantify the CKD-related death burden attributed
to risk factors. Ninety-five per cent UI values fell
between the 2.5th and 97.5th percentiles of 1000
samples that were extracted from the posterior distri-
bution in the modelling process.'* The time trend of
an ASR over a specified time period was represented
by the estimated annual percentage change (EAPC),
which detailed calculation method has been reported
in many previously published GBD studies.” '° In
brief, the natural logarithm of the ASR is assumed
to be linear over time; therefore, In(ASR) = o + B x
(calendar year) + error term. The EAPC=100 x (exp ()
- 1), and the 95% CI can be obtained from the linear
regression model. To assess the trends of data over
time from 1990 to 2019, Joinpoint trend analyses were
performed by fitting several different line segments

on a logarithmic scale with the simplest model. Signif-
icant changes were identified by permutation tests
and estimated by the Monte Carlo method. A p value
<0.05 was used to denote statistical significance.

All statistical and graphical analyses were carried out
using R V.4.1.2 (Vienna, Austria), Joinpoint software
V.4.9.0.1 (National Cancer Institute, USA) and GraphPad
Prism V.8 (California, USA).

Patient and public involvement
Patients or the public were not involved in this study.

RESULTS

Global burden of CKD

Changing trend of global CKD-related burden from 1990 to 2019
Globally, there were an estimated 697.3million CKD
cases and 19.0million incident cases in 2019, both of
which were more than twice those in 1990 (online supple-
mental table 1 and 2 and figure 1A,B). The number of
deaths caused by CKD doubled from 0.6million (95%
UIL: 0.57-0.63 million) in 1990 to 1.4million (95% UI:
1.31-1.52million) in 2019 (table 1; figure 1A). Among
all the causes of death, the percentage of deaths due
to CKD doubled from 1.3% to 2.5%. The numbers of
deaths caused by CKD increased from 19th in 1990 to
11th in 2019 (online supplemental figure 2A), and the
ASDR increased from 15th to 10th (online supplemental
figure 2B). Global disability-adjusted life-years (DALYs),
consisted of years of life lost prematurely (YLLs) and
years lived with disability (YLDs), also doubled from
21.5million in 1990 to 41.5million in 2019 (online
supplemental table 3 and figure 1C). During this period,
the age-standardised incidence rate (ASIR) increased
over time, with an EAPC of 3.2 (95% CI: 3.11 to 3.19)
(online supplemental table 2 and figure 3). The ASDR,
DALYs, YLLs and YLDs showed upward trends in the first
half of the study period but downward trends in the latter
years according to the Joinpoint analyses (figure 1B right,
online supplemental figure 3). These trends were consis-
tent in both the male and female (online supplemental
figure 3).

Changing trend of CKD-related death burden in each SDI region

Of the total DALYs caused by CKD, YLLs accounted
for 78.9%, while YLDs accounted for 21.1% in 2019.
Therefore, we focused subsequent analyses mainly
on the CKD-related death burden. During the three
decades, all five SDI regions showed increases in the
numbers of deaths over time (figure 1B, left). Among
them, the middle-SDI region showed the highest death
numbers, reaching 0.5 million, and the low-SDI region
had the lowest, with 0.1 million, in 2019 (figure 1A,
B left). The ASDR in the high-SDI region increased
dramatically, with an EAPC of 1.2 (95% CI: 1.09 to
1.32), and exceeded that of the high-middle-SDI from
2011 onward (figure 1B, right). In contrast, the low-
SDI region still had the highest ASDR in 2019, at
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Figure 1 Global death cases and death rate of CKD from 1990 to 2019. (A) Death cases in global and SDI areas in 1990 and
2019. (B) Death cases and ASDRs in global and SDI areas from 1990 to 2019. (C) Relationship between ASDRs and SDI from
1990 to 2019. (D) Death cases and ASDRs in 21 geographic regions from 1990 to 2019. (E) Death cases in 204 countries and
territories in 2019. (F) The ASDRs in 204 countries and territories in 1990 and 2019. (G) The EAPCs of ASDRs in 204 countries
and territories from 1990 to 2019. ASDR, age-standardised death rate (per 100000 population); CKD, chronic kidney disease;
EAPCs, estimated annual percentage change; SDI, sociodemographic index.
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25.3 per 100000 population (95% UI: 22.90-27.68),
although it had the most significant declining trend
(EAPC: -0.27, 95% CI: -0.31 to -0.22) (figure 1B,
right). The ASDR was negatively correlated with SDI
level worldwide (p=-0.603, p<0.0001, figure 1C),
while the ASIR was positively correlated with SDI level
(p=0.54, p<0.0001, online supplemental figure 4).

The ASDR increased in most regions and countries

At the regional level, death numbers in all 21 regions
and the ASDRs in most regions showed increasing
trends during this period (figure 1D). At the country
level, CKD-related deaths increased by more than
500% in the United Arab Emirates, Venezuela, Estonia,
Armenia, El Salvador and Ecuador over the three-
decade study period (online supplemental table 4).
India (0.22 (95% UI: 0.19-0.26) million) surpassed
inland China (0.2 (95% UI: 0.17-0.23) million) to
be the country with largest number of CKD-related
deaths in 2019. The number of deaths in the USA
(0.11 (95% UI: 0.10-0.11) million) was second to
only those in India and China. The total number
of deaths for these three countries accounted for
36.9% of the worldwide number of deaths in 2019
(figure 1E, online supplemental figure 5). Nicaragua
had the largest ASDR, at 80.2 (95% UI: 69.57-83.24)
per 100000 population (figure 1F, online supple-
mental table 4). Estonia showed the fastest increase
in the ASDR with an EAPC of 5.4 (95% CI: 4.91 to

females to males in 2019

<04
041006

061008
081010

101012
121015
>15

5.81) during this period (figure 1G, online supple-
mental table 4). While Mongolia had the fastest
decrease in the ASDR of CKD (EAPC: -3.6, 95%
UIL: -4.07 to -3.12) (figure 1G, online supplemental
table 4).

The CKD-related death burden in males was higher than that
in females in relatively high-SDI regions

The CKD-related death burden was unbalanced between sexes at
the SDI level

Generally, the number of CKD-related deaths was
larger in males than in females over the past three
decades (figure 2A), both of which showed synchro-
nous upward trends, with the ratio of female to male
deaths changing from 0.915 in 1990 to 0.925 in 2019
(figure 2B). In the high-SDIregion, the ratio remained
above 1 during this period. In 2019, the high-SDI and
high-middle-SDI regions had higher female death
burdens, with ratios of female deaths to male deaths
of 1.1 and 1.0, respectively, while the ratios in low-
SDI and low-middle-SDI regions were 0.802 and 0.812,
which were the lowest (figure 2B, left). Similar to the
number of deaths, the CKD-related ASDR in males was
higher than that in females over this period. In 2019,
the female to male ASDR ratios ranged from 0.6 to
0.8 in all the SDI regions (figure 2B right), suggesting
that the CKD-related death burden was unbalanced
between sexes.
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Figure 2 Sex differences and trends of CKD deaths and ASDR from 1990 to 2019. (A) The ASDRs in males and females
globally from 1990 to 2019. (B) Death cases ratio between females to males (left) and ASDR ratio between females to males
(right), in global and SDI areas in 1990 and 2019. (C) Gender composition of death cases and ASDR in global and SDI areas in
1990 and 2019. (D) Death cases ratio between females to males (left) and ASDR ratio between females to males (right) in 204
countries and territories in 2019. ASDR, age-standardised death rate (per 100000 population); CKD, chronic kidney disease;

SDI, sociodemographic index.
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The ASDR in males increased in most regions and countries

At the regional level, the female to male deaths ratios
in Eastern Europe was the highest (1.3), and that in
Oceania was the lowest (0.7) in 2019. Death cases of both
sexes were mainly concentrated in Asia. Both male and
female deaths in Latin America had the fastest increase
over time. In contrast, female death numbers in Eastern
Europe and male death numbers in Central Europe had
the slowest increases (figure 2C, online supplemental
table 5). Unlike the number of deaths, the female to male
ASDR ratios in most regions were less than 1.0, except in
North Africa and Middle East (1.0). The ratio in Southern
sub-Saharan Africa was the lowest, at 0.6 (online supple-
mental table 5).

At the country level, the numbers of male deaths in
almost all the countries showed increasing trends, except
in Slovakia and Poland. The death ratios in Estonia,
Hungary, Latvia, Austria and Vietnam were over 1.5, which
suggested that the CKD-related death burden was much
higher in females than in males in these countries. In
contrast, the ratio was less than 0.5 in Papua New Guinea
and the United Arab Emirates, indicating a higher death
burden in males (figure 2D, online supplemental table
6). The ASDRs in both females and males in Mongolia
showed the largest decreases, with decreases of 43.2% in
females and 57.1% in males.

The age-related CKD-related death burden is more serious in
high-SDI regions

The numbers of CKD-related death increased with age in 2019

In 2019, global CKD-related deaths were mainly distrib-
uted in middle-aged and elderly people over 50 years old,
specifically 50-74 years old, who accounted for 41.9%
(figure 3A). Those aged 50-74 years had the largest death
numbers in all the SDI regions except high-SDI region.
In high-SDI region, the numbers of CKD-related death
were increased with age, with the largest in 85 plus age
group. The numbers of deaths in the 85 plus age group
had the greatest increases in all SDI regions (figure 3A).
Those aged 0-9 years showed decreases in the numbers of
deaths in all the SDI regions except the low-SDI region.
Those aged 10-24 years had increased numbers of deaths
in the low- and low-middle-SDI regions (figure 3B).
Therefore, premature deaths were mainly concentrated
in the relatively lower SDI regions in 2019.

The changing trend of CKD-related death burden from 1990 to
2019 in each SDI regions

During this period, the age distribution of CKD-related
deaths in the relatively young population, including the
0-9, 10-24 and 25-49, and 50-74 age groups, showed a
declining trend (figure 3C). In contrast, deaths in elderly
individuals, particularly those aged 85 years and older,
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showed an upward trend. Central Asia was the only region
that saw a decline composition of 85 plus age group
(figure 3C). As to SDI level, the proportion of deaths
the 85 plus age group showed an upward trend with
increasing SDI level, with the highest value of 58.2% in
the Western Europe region in 2019. Eastern sub-Saharan
Africa and Western sub-Saharan Africa, with lower SDI
levels, had the highest proportions of the 10-24 and 0-9
age groups, respectively. The high-income Asia Pacific
region had the largest increase in the proportion among
the 85 plus age group and the largest decrease among
the 50-74 age group (figure 3C). These results revealed
that the CKD-related death burden gradually shifted to
elderly individuals in higher SDI regions. In addition, the
proportion of females increased with increasing age was
found in the further analysis of sex compositions among
different age groups (figure 3D).

CKD burden attributable to risk factors

The main risk factors for death from CKD

Globally, metabolic disorders (such as diabetes, obesity
and hypertension) were the main risk factors for death
from CKD. Over this period, the numbers of deaths due
to CKD attributable to high systolic blood pressure (SBP),
high fasting plasma glucose (FPG) and high body mass
index (BMI) sharply increased (figure 4A), which were
the main risk factors contributing to the ASDR of CKD,
accounting for 62.0%, 33.6% and 27.2%, respectively in
2019. Even though the ASDR of CKD attributable to high
BMI had the largest increase, at 77.1%, compared with
17.6% for high SBP and 20.4% for high FPG, the ranks of
these risk factors did not change (figure 4A).

The high SBP-attributed ASDRs in all five SDI regions

CKD attributable to high SBP was associated with the
highest ASDRs in all the SDI regions over this period
(figure 4A). In 2019, high SBP-attributed death rate in
the low-SDI region was higher than in other SDI regions
(figure 4B), even though it showed the greatest reduction
during the 30-year study period (decrease of 3.0%). The
high SBP-attributed death rate in the high-SDI region saw
the fastest increase (figure 4B). In 2019, ASDR attributed
to high SBP in the high-middle-SDI region was the lowest.
At the regional level, the rank of the high SBP-attributed
ASDR in Central Latin America increased from sixth
in 1990 to first among all 21 regions in 2019, with the
greatest increase.

Other metabolic disorders factors for CKD-related ASDR in each
SDI regions

The highest FPG-attributed ASDRs were mainly concen-
trated in the low-middle and low-SDI regions during this
period (figure 4B). In 2019, high FPG was the second
most prevalent risk factor, followed by high BMI, in all
regions except the high-SDI region (figure 4A-C). In
contrast, BMI was ranked as the second most prevalent
contributor, exceeding FPG, to the ASDR in the high-SDI
region in 2019, even though the FPG-attributed death

rate in this region showed a larger increase than those in
other regions (figure 4B, C). In 2019, the FPG-attributed
ASDR in the middle-SDI region was higher than those in
the other SDI regions, while that in the high-middle-SDI
region was the lowest (figure 4B). The BMI-attributed
ASDR in the middle-SDI was the highest, while in the
high-middle SDI, it was the lowest. It is worth noting that
the BMI-attributed ASDRs in all five SDI regions had
steeply increasing trends over this period (figure 4B). A
diet high in sodium was the fourth-ranked contributor to
the CKD ASDR in the high-middle-SDI, middle-SDI and
low-middle-SDI regions and the fifth-ranked contributor
in the high- and low-SDI regions (figure 4A).

The changing trends of ASDRs caused by high or low temperature
in different areas

Notably, although the high temperature-related death
burden was low (figure 4C), the high temperature-
attributed ASDRs increased steeply in the low-middle-SDI
and low-SDI regions over this period (figure 4B). These
regions had the highest high temperature-attributed
ASDRs in 2019 (figure 4C). In sharp contrast, the high
temperature-attributed ASDRs in the high-middle-SDI
and high-SDI regions decreased by 7.6 and 6.6 times,
respectively, compared with those in 1990 (figure 4B). The
high-middle-SDI region had the lowest high temperature-
related death rate in 2019. At the regional level, East
Asia, High-income North America, South Asia and
Western Europe showed the fastest increases in the high
temperature-attributed ASDRs, and South Asia had the
highest high temperature-attributed death rate in 2019.
Central Latin America and Southeast Asia had the fastest
decreases in the high temperature-attributed ASDR.
Tropical Latin America, Southern sub-Saharan Africa and
Eastern sub-Saharan Africa had the lowest values. In addi-
tion, the risk factors of low temperature and lead expo-
sure were much larger than those of high temperature,
and low temperature exposure was the first of the three in
high- and high-middle-SDI regions (figure 4A).

DISCUSSION

Despite advancements in scientific research that have
led to a better understanding of the pathogenesis of
diseases and significant improvements in disease manage-
ment, no significant improvement was observed in the
burden of CKD-related deaths, in contrast with other
non-communicable diseases. CKD is characterised by a
gradual decline in kidney function that eventually results
in end-stage renal disease, with little chance of reversal.
CKD is therefore an important cause of morbidity and
mortality among non-communicable diseases."”

Our results showed significant regional variations in
the CKD-related death burdens. The ASDR of CKD was
associated with SDI, with higher CKD ASDRs in lower SDI
regions. This may be related to a lack of effective health
interventions caused by inadequate healthcare funding
and weak health systems in lower SDI regions.'® If these
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trends continue, differences in the CKD death burden
among regions will increase further. In terms of geograph-
ical regions and countries, the CKD death burden in
Mesoamerica (especially Nicaragua, El Salvador and
Mexico) was more serious than those in other geograph-
ical locations. This may be due to the megathermal
climate or the rates of diabetes and hypertension, which
are major risk factors globally." A recent study revealed
that agricultural workers who currently or used to work
in the sugarcane industry may be at high-risk of CKD."?*’
In addition, climate change in this region may be a risk
factor for CKD-related death.”’ These findings call for
increased government planning and interventions and
the development of new and more appropriate solutions
to address the CKD death burden in this area.

Globally, the number of CKD-related deaths and ASDR
were larger and higher in males than in females, although
the difference appearing to be slightly decreasing trend
recent years. It is worth noting that the sex ratio of deaths
in the high-SDI region remained above 1 during the
study period, but the ASDR ratio did not, which may
be attributed to the increase in the population and the
ageing of the population in this region, especially among
females. In contrast, the sex ratio of the ASDR was higher
than the ratio of deaths in several countries in the Middle
East, such as Egypt (1.60 vs 1.13 in Egypt). This result
coincided with the lower disability-free life expectancy
among females total lifetime in this region.*

Over the past 30 years, the age distribution of CKD-
related deaths showed a gradual increasing trend with
age, and people in the middle-aged and elderly groups
(>50 years old) accounted for the main proportion
of CKD deaths. This trend may be closely related to
improvements in healthcare as well as population ageing
worldwide. However, in regions with relatively low SDIs,
such as Africa, premature deaths are still prevalent, with
increasing numbers, which may be explained by the low
levels of medical and healthcare in these regions. Patients
diagnosed with CKD may not receive timely and adequate
medical care to slow the progression of renal deterio-
ration, resulting in premature death, which reflects the
impact of socioeconomic development on premature
CKD-related deaths.”® Therefore, policymakers and the
healthcare sector in these regions should implement
urgent measures to reverse this negative trend.

The most cost-effective strategy to reduce the number
of CKD-related deaths is preventing the onset of CKD.**
Therefore, screening high-risk groups and developing
interventions targeting a variety of risk factors are the most
effective approaches.” * High SBP, FPG and BMI were
the main risk factors for CKD-related death.'” % Hence,
implementing measures to improve blood pressure,
plasma glucose and body weight is critical for reducing
the CKD burden.”

Although the CKD-related death burden attributed to
high temperature exposure was low, the rapid upward
trend, especially in the low-SDI and low-middle-SDI
regions, should be noted. In contrast, this burden

in the high-SDI and high-middle-SDI regions tended
to remain stable or even decreased. Some studies
recently reported large numbers of young sugarcane
workers with end-stage of CKD, who did not have any
known risk factors for CKD, such as high blood pres-
sure or diabetes before.'” Subsequent reports found
that CKD of unknown origin also occurred in people
who worked in agriculture or construction in other
low-socioeconomic areas.”® It has already been the
leading cause of hospitalisation and death among
patients with CKD in Central America.”” Even though
the exact pathogenesis of CKD in these individuals
is currently unknown, it is undoubtedly related to
heat exposure and dehydration caused by rapidly
changing environmental conditions.*® *"*' Compared
with the higher SDI regions, the ability to provide
healthcare and adapt to climate change in relative
lower regions were limited; therefore, the situation is
severely affected by high temperature exposure and is
getting worse.”’ Local governments should formulate
effective measures to cope with the high-temperature
environment and formulate strategies to mitigate
climate change. Moreover, cooperation among clini-
cians, public health personnel, government agencies
and medical researchers should be promoted to raise
public awareness of CKD, actively explore the specific
mechanism of the influence of high temperature
exposure on CKD and minimise the adverse effects of
climate change on kidney health.

Additionally, it has been shown that the associa-
tion between cold exposure promoting CKD-related
hospital visits is stronger than at moderate and high
temperatures.” And acute cold exposure can lead
to a significant increase in arterial blood pressure in
patients with or without comorbid CKD.* Therefore,
avoiding acute cold exposure and enhancing warmth
measures in cold exposure are particularly important.
Environmental lead exposure increases the risk of
CKD.** Due to the prevalence of lead in the envi-
ronment, human exposure to this metal is almost
inevitable. Therefore, public measures to reduce
environmental contamination and reduce the food
chain transfer of lead are essential, as are measures to
reduce risk by setting maximum allowable concentra-
tions of lead in staple foods at the lowest achievable
levels.

Limitations

The GBD database provides extensive data and esti-
mates of risk factors for the global burden of CKD,
but there are some limitations, which have been
detailed in many previously published studies.'” First,
more detailed information about the included coun-
tries and regions could not be obtained from the
GBD database. In some countries with large territory
spans or with multinational populations, the impact
of regional and ethnic differences within countries
on the global burden of CKD could not be further
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analysed. In addition, the CKD burden may be under-
estimated in less developed countries and areas due
to limited access to healthcare. Moreover, data on the
impact of metabolic factors other than blood pressure
and blood glucose, such as triglycerides, cholesterol
or uric acid, on the global burden of CKD are lacking.

CONCLUSIONS

In summary, CKD remains a critical global public health
concern. CKD-related deaths continue to increase, with
the majority now occurring in elderly adults, mainly due
to the increase in and the ageing of the global population.
However, the numbers of premature deaths in regions with
low-SDI levels remain high, and the trend is increasing.
In addition, the burden of CKD-related deaths is more
severe in males than in females, though this difference
is likely to narrow over time. Hypertension, diabetes and
obesity remain critical risk factors for CKD. Moreover,
in the low-SDI region, the rapidly increasing number of
CKD-related deaths attributed to high temperature expo-
sure should not be ignored, and national-level measures
should be taken to reverse this trend.
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