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Abstract

Background Identifying the past and future burden of kidney cancer (KC) and its temporal trends among older
adults (=65 years) at global, regional, and national levels is critical for effective prevention strategies.

Methods The age-standardized incidence, prevalence, mortality, and disability-adjusted life years (DALYs) were
calculated using data from the Global Burden of Disease (GBD) study from 1990 to 2021. These indicators were
stratified by sex, age, and socio-demographic index (SDI). The correlation between these indicators and SDI was
assessed. Temporal trends were quantified using the annual average percentage change (AAPC), and future trends
from 2022 to 2040 were predicted using the Bayesian age-period-cohort (BAPC) model.

Results The global age-standardized incidence rate (ASIR) of KC among older adults increased from 21.73 per
100,000 people in 1990 to 26.74 per 100,000 people in 2021, with an AAPC of 0.67%. Age-standardized DALYs rate
(ASDR) remained stable, while significant increases were observed in age-standardized prevalence (AAPC=1.24%,
95%Cl: 1.14-1.34%) and mortality rate (AAPC=0.13%, 95%Cl: 0.05-0.22%). From 1990 to 2021, males consistently
exhibited a higher disease burden than females, additionally, the ASIR of KC increased significantly in all age
subgroups. Regions with higher SDI levels also showed a greater disease burden, while Oceania had the lowest
burden of KCin 2021. The ASIR increased in almost all countries and territories. Czechia showed the highest ASIR
(92.25 per 100,000 people) and ASDR (819.88 per 100,000 people). Smoking and high body mass index (BMI)
remained significant risk factors for DALYs and mortality in the older population, and their effects were greatest in
high SDI region. Furthermore, the burden of KC is expected to continue to decline through 2040.

Conclusions The global burden of KC among older adults increased from 1990 to 2021, with notable regional and
national variations. However, it is projected to continue to decline through 2040. The management of smoking and
high BMI remain major challenges for people with KC, necessitating targeted clinical guidelines, particularly focusing
on males and the older adults.
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Background

Cancer remains a significant global public health chal-
lenge, with both incidence and mortality continuing to
rise [1]. According to the latest Global Cancer Statis-
tics 2022, kidney cancer (KC) ranked 14th globally, with
approximately 434,419 incident cases and 155,702 deaths
[2]. KC exhibits a rapidly increasing incidence and mor-
tality, accompanied by a poor prognosis [3]. In addition,
the incidence of KC varies across countries, with higher
rates generally observed in developed nations compared
to developing ones [4]. The main risk factors for KC
include smoking, high body mass index (BMI), and occu-
pational exposure to trichloroethylene [5]. It is specu-
lated that smoking may increase the risk of KC through
chronic tissue hypoxia caused by carbon monoxide
exposure and smoking-related diseases such as chronic
obstructive pulmonary disease [6]. And obesity causes
metabolic filtration stress, which promotes tumorigen-
esis in clear cell renal cell carcinoma. Additionally, occu-
pational exposure to trichloroethylene has also been
associated with an increased risk of KC, as it induces epi-
genetic changes in cancer-related genes [7]. As a type of
genitourinary cancer, KC not only diminishes patients’
quality of life but also reduces their life expectancy and
imposes significant healthcare costs. In low and middle
SDI regions, the impact of KC on socio-economic and
healthcare systems is particularly significant, mainly in
terms of increased economic burden, increased pressure
on healthcare resources, rising health inequalities, and
increased public health challenges. Therefore, there is an
urgent need for epidemiological studies to inform health
policy decisions.

The risk of developing cancer increases exponentially
with age, and older adults are particularly susceptible to
KC [8], which may be due to mechanisms such as cellular
aging, stress responses, and decreased immune function
[9-11]. In addition, the treatment of older adults with
KC faces more challenges, such as more comorbidities
and poor physical function status, which may affect the
treatment effect and prognosis. Given the global aging
population, it is crucial to recognize the growing poten-
tial burden of KC. Previous studies have typically focused
on disease burden in all age groups, without specifically
addressing the older adults, who are at heightened risk,
and in particular lacked projections for future trends
in KC in older populations or comprehensive analy-
ses across SDI regions. Therefore, a comprehensive and
accurate assessment of the global burden of KC among
the older adults is crucial. This study integrates the latest
available data to evaluate the incidence, prevalence, mor-
tality, disability-adjusted life years (DALYs), and temporal

trends of KC among people aged 65 years and older from
1990 to 2021, and projects public health challenges to
2040. We aim to characterize the global, regional, and
national temporal trends and future projections of KC
burden in older adults by age, sex and socio-demographic
index (SDI), identify associated risk factors, and analyze
variations across SDI strata, providing valuable insights
for health policy adjustments and the optimal allocation
of medical resources.

Methods

Data sources

Global Burden of Disease (GBD) 2021 provides a com-
prehensive assessment of health losses from 371 diseases,
injuries, risk factors, impairments, and causes of death
in 204 countries and territories. Incidence, prevalence,
mortality, and DALYs for KC were calculated using the
DisMod-MR 2.1 tool. More detailed information about
the methodology of GBD study has been described
extensively in the existing GBD literature [12]. The defi-
nition of KC is based on the International Classification
of Diseases, version 10 (ICD-10), with the correspond-
ing codes C64-C64.2, and C64.9-C65.9 [12]. In this study,
we extracted data on incidence, prevalence, mortality,
and DALYs, as well as DALYs and mortality attributable
to each risk factor for KC in people>65 years using the
GBD 2021 Results Tool (https://vizhub.healthdata.org/
gbd-results/). Data were stratified by seven age groups,
including 65-69, 70-74, 75-79, 80-84, 85-89, 90-94, 95
plus. All disease estimates from GBD include 95% uncer-
tainty intervals (UI) for each metric, based on the 25th
and 975th ordered values drawn 1000 times from the
posterior distribution [13].

Definitions

The DALYs quantifies the years of healthy life lost from
the onset of disease to the point of death and is a com-
prehensive measure of the total health loss caused by dis-
ease. The DALYs calculates the sum of years of life lost to
premature death (YLLs) and years lived with a disability
(YLDs) due to prevalent cases of disease or health condi-
tion in the population [14].

The SDI is a composite indicator of the degree of social
development that combines lagging income per capita,
the average educational attainment of individuals aged 15
and over, and the total fertility rates of females under the
age of 25 [15], expressed on a scale of O (least developed)
to 1 (most developed). The 204 countries and territories
were divided into five SDI groups: low SDI, low-middle
SDI, middle SDI, high-middle SDI, and high SDI.
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Risk factors

We calculated and reported DALYs and mortality for KC
that were attributable to smoking, high BMI, and occu-
pational exposure to trichloroethylene (established most
detailed risk factors with available data in GBD). Current
smokers are defined as individuals who currently use any
tobacco product on a daily or occasional basis, while for-
mer smokers are those who have stopped using all smok-
ing tobacco products for at least 6 months. High BMI is
defined as a BMI greater than 20-23 kg/m? for individu-
als aged 20 years and older. Occupational exposure to tri-
chloroethylene is defined as the percentage of individuals
(=15 years) who have been exposed to trichloroethylene
at various intensity levels [16].

DisMod-MR 2.1 and spatiotemporal Gaussian process
regression were used to quantify the impact of these risk
factors. The estimate of GBD risk factors is based on a
comparative risk assessment framework, consisting of
six steps: (1) identifying the inclusion of risk-outcome
pairs; (2) estimation of relative risk as functional expo-
sure; (3) estimation of exposures for each risk by age,
sex, location, and year; (4) identification of the theoreti-
cal minimum risk exposure level (TMREL) and the coun-
terfactual exposure; (5) estimation of attributable burden
and population attributable fractions (PAFs); (6) estima-
tion of the DALYs and mortality attributable to various
combinations of risk factors. Detailed descriptions and
basic methods of each step are provided elsewhere [17].

Statistical analysis

We uesd direct standardization method to calculate
the corresponding age-standardized rate (ASR) of age
groups by “ageadjust.direct” function of package “epit-
ools” within R software [18-20]. The age-standardized
incidence rate (ASIR), age-standardized prevalence rate
(ASPR), age-standardized mortality rate (ASMR), and
age-standardized DALYs rate (ASDR) (per 100,000 peo-
ple, respectively) for KC were calculated using the world
standard population reported in GBD 2021 as a reference
[21]. The calculation formula is as follows:

Age-standardized rate =

> iA=1Wi

For the formula: where a, is the age-specific rate in the
i" age group, w, is the weight in the same age subgroup
of the chosen reference standard population (in which i
denotes the i™ age class), and A is the total number of age
groups.

In this study, the annual percent change (APC) and
average annual percentage change (AAPC) were cal-
culated using the joinpoint regression analysis model,
which is commonly applied to assess the time trend of
disease burden in epidemiological studies. We selected a
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log-linear model (In y =xb) to analyze the trends of ASIR,
ASPR, ASMR, and ASDR. The grid search method was
employed to determine the number and location of join
points, with a maximum of 5 join points allowed. The
Monte Carlo permutation test was used to select the
optimal number of join points [22]. The specific calcula-
tion method has been described in previous study [23].
If AAPC or APC and their 95% confidence intervals (CI)
are both >0 (or both <0), the corresponding trend is con-
sidered to be an upward (or downward) trend. The calcu-
lation formula is as follows:

AAPC = {exp (%wwb> - 1} x 100

For the formula: b, is the slope coefficient for the i seg-
ment with i indexing the segments in the desired range of
years and w; is the length of each segment in the range of
years.

The Bayesian age-period-cohort (BAPC) model was
used to project the burden of KC to 2040. A notable
advantage of the BAPC model is its use of the Integrated
Nested Laplacian Approximation (INLA) method, which
approximates the edge posterior distribution and helps
avoid some of the mixing and convergence problems
associated with traditional Bayesian methods of Markov
Chain Monte Carlo sampling [24]. Due to its comprehen-
sive coverage and ability to capture temporal trends, the
BAPC model has been widely validated and applied in
epidemiological research, particularly in studies involv-
ing age-structured population data and complex cohort
effects [24].

In addition, we present findings based on the respec-
tive SDI values across all GBD regions and 204 countries
and territories. Correlations between age-standardized
rate and SDI were examined using Pearson correlation
analysis. Joinpoint regression analysis was performed
using the Joinpoint Regression Program [25]. All statisti-
cal analyses and data visualization were performed using
the R (version 4.3.3). A two-sided P value <0.05 was con-
sidered statistically significant.

Results

Global trends

Globally, incident cases of KC in adults aged 65 years and
older increased from 70,003 in 1990 to 203,022 in 2021,
an increase of 190.02% (Table 1, Table S1). During the
same period, the ASIR increased from 21.73 per 100,000
people to 26.74 per 100,000 people (AAPC=0.67%,
95%CI: 0.57-0.76%) (Table 1). Additionally, the pro-
portion of incident cases of KC in the older adults (>65
years) relative to the overall number of incident cases
has continued to rise (Figure S1). The upward trend in
ASIR of KC among people aged 65 years and older was
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noticeable from 1990 to 2021 compared to the overall age
of population with KC (Figure S2). Joinpoint regression
analysis indicated an increase in ASIR from 1990 to 2015,
followed by a decline from 2015 to 2021 (APC = -0.61%)
(Fig. 1, Table S2).

The cases of DALYs for KC among those aged > 65 years
increased from 779,889 in 1990 to 1,826,969 in 2021, and
the ASDR increased from 239.95 per 100,000 people to
240.05 per 100,000 people (Table 1). Similarly, the cases
of prevalence and mortality increased by 239.25% and
150.50%, respectively (Table S1). During this period,
the corresponding ASPR (AAPC=1.24%, 95%CI: 1.14—
1.34%) and ASMR (AAPC=0.13%, 95%CIL: 0.05-0.22%)
also showed upward trends (Table S3).

Global trends by sex

From 1990 to 2021, the ASIR among adults aged 65
years and older increased globally in both males (from
29.40 per 100,000 people to 37.68 per 100,000 people,
AAPC=0.80%, 95%CI: 0.72-0.87%) and females (from
16.23 per 100,000 people to 18.00 per 100,000 people,
AAPC=0.33%, 95%CI: 0.24—0.43%) (Table 1). In the older
population, KC was predominantly more common in
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males, with 1.34 times more cases than in females (40,057
vs. 29,946) in 1990 and 1.69 times more cases (127,486 vs.
75,536) in 2021 (Table 1). Across all age subgroups=>65
years, males consistently had higher ASIR than females
between 1990 and 2021 (Figure S3).

Similarly, males aged 65 years and older had higher
ASPR (137.84 per 100,000 people vs. 71.44 per 100,000
people), ASMR (21.11 per 100,000 people vs. 9.43 per
100,000 people), and ASDR (347.76 per 100,000 people vs.
153.61 per 100,000 people) than females in 2021 (Table 1,
Table S3). These sex difference remained the same
regardless of changes in age and SDI, with males having
a higher disease burden than females (Fig. 2, Figure S3,
and S4). From 1990 to 2021, the ASPR (AAPC=1.46%,
95%CI: 1.35-1.56%), ASMR (AAPC=0.28%, 95%CIL:
0.19-0.37%), and ASDR (AAPC=0.15%, 95%CI: 0.06—
0.23%) in males increased, while females experienced an
increase in ASPR (AAPC=0.83%, 95%CI: 0.67—-0.99%)
and a decrease in ASMR (AAPC = -0.21%, 95%CI: -0.30%
to -0.12%) and ASDR (AAPC = -0.37%, 95%CI: -0.45% to
-0.29%) (Table 1, Table S3).
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Fig. 1 Joinpoint regression analysis of KC in people aged 65 years and older from 1990 to 2021 at the global level. (A) Age-standardized incidence trends;
(B) Age-standardized prevalence trends; (C) Age-standardized mortality trends; (D) Age-standardized DALYs trends. KC kidney cancer; APC annual per-
centage change; AAPC average annual percentage change; DALYs disability-adjusted life years
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Global trends by age subgroup

Globally, the incident cases of KC tripled between 1990
and 2021 in every age subgroup of people aged 65 years
and older (65-69 years: from 22,278 to 54,937; 70-74
years: from 17,915 to 54,391; 75-79 years: from 15,942
to 40,041; 80—84 years: from 9010 to 28,751), and even
more than four-fold in the >85 age groups (85—89 years:
from 3736 to 17,081; 90-94 years: from 931 to 6094;
>95 years: from 191 to 1727) (Table 1). In both 1990 and
2021, the incident cases decreased with age in the older
population. In addition, the ASIR of KC increased signifi-
cantly in all age subgroups during 1990-2021, especially
in the 95 plus group (AAPC=1.71%, 95%CI: 1.37-2.05%)
(Table 1).

Among the older adults, the global ASPR of KC
increased at varying rates across different age subgroups,
with the most significant increase occurring in the 85-89
years group (AAPC=2.16%, 95%Cl: 1.86-2.45%), ris-
ing from 24.83 per 100,000 people in 1990 to 47.78 per
100,000 people in 2021 (Table S3). Notably, the ASDR
and ASMR decreased in the age subgroups under 80
years, while both metrics increased in those aged 80 and
older, with the most substantial increase occurring in

people over 95 years (AAPC: 1.47% for ASDR and 1.51%
for ASMR) (Table 1, Fig. 2, Table S3, Figure S5).

Global trends by SDI

From 1990 to 2021, the ASIR of KC among people aged
65 years and older increased in all SDI subgroups, espe-
cially in countries with middle SDI (AAPC=1.78%,
95%CI: 1.60—1.97%), while the increase was minimal in
countries with high SDI (AAPC=0.69%, 95%CI: 0.55—
0.84%) (Table 1). Regardless of SDI level, the increase in
ASIR in people aged>65 years was consistently higher
than in the general population (Figure S2, Figure S6). In
2021, with the increase in the country’s SDI level, the
ASIR (5.79 per 100,000 people for low SDI region vs.
52.38 per 100,000 people for high SDI region), ASPR
(10.22 per 100,000 people for low SDI region vs. 232.85
per 100,000 people for high SDI region), ASMR (5.41 per
100,000 people for low SDI region vs. 23.57 per 100,000
people for high SDI region) and ASDR (95.31 per 100,000
people for low SDI region vs. 395.26 per 100,000 people
for high SDI region) all showed an upward trend (Table 1,
Table S3).
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The ASPR rose in all SDI subgroups from 1990 to 2021,
with the most substantial increase in countries with mid-
dle SDI (AAPC=3.14%, 95%CI: 2.97-3.32%) (Table S3).
In all SDI subgroups, the ASMR of KC increased among
older adults (=65 years), particularly in countries with
low-middle SDI (AAPC =1.28%, 95%CI: 1.16—1.39%). The
increase was smallest and not statistically significant in
countries with high SDI (AAPC=0.06%, 95%CI: -0.05—
0.17%, P=0.267) (Table S3). Notably, from 1990 to 2021,
countries with high SDI exhibited a downward trend in
ASDR (AAPC = -0.14%, 95%CI: -0.25% to -0.02%), while
all other SDI subgroups showed significant increases
(Table 1, Figure S4).

Regional trends

From 1990 to 2021, the ASIR of KC among older adults
(=65 years) showed an upward trend in all 21 regions.
During this period, the fastest increase in ASIR for
older adults was observed in East Asia (AAPC=2.18%,
95%CI: 1.81-2.55%), while Oceania (AAPC=0.29%,
95%CI: 0.04—0.53%) exhibited the slightest upward trend
(Table 1). In 2021, the highest ASIR of KC for people
aged>65 years was observed in High-income North
America (66.00 per 100,000 people), while Oceania had
the lowest ASIR (3.18 per 100,000 people), with the same
trend observed across sex (Table 1, Figure S7).

During 1990-2021, the ASDR for KC among people
aged 265 increased in most regions, except for Aus-
tralasia (AAPC = -0.51%, 95%CIL -0.65% to -0.37%),
High-income North America (AAPC = -0.20%, 95%CI:
-0.36% to -0.04%), and Western Europe (AAPC = -0.10%,
95%CI: -0.20% to -0.01%), where downward trends were
observed. The ASDR rose most dramatically in Tropi-
cal Latin America (AAPC=1.49%, 95%CI: 1.02-1.97%)
(Table 1). In 2021, Southern Latin America showed the
highest ASDR (560.64 per 100,000 people), High-income
North America had the highest ASPR (331.31 per 100,000
people), and Central Europe experienced the highest
ASMR (31.24 per 100,000 people). In contrast, Oceania
had the lowest ASDR (44.68 per 100,000 people), ASPR
(7.20 per 100,000 people), and ASMR (2.64 per 100,000
people) (Table 1, Table S3, Figure S7). Between 1990 and
2021, the ASPR for KC among people aged>65 years
increased across regions, with East Asia showing the
fastest growth (AAPC=4.22%, 95%CI: 3.90-4.55%). In
addition, except for Australasia (AAPC = -0.29%, 95%CL:
-0.42% to -0.16%) and High-income North America
(AAPC = -0.02%, 95%CL: -0.20-0.17%), ASMR increased
in all regions (Table S3).

National trends

From 1990 to 2021, the incident cases of KC among
people aged 65 years and older increased in all coun-
tries and territories. The ASIR increased in almost all

Page 9 of 16

countries and territories, with 12 countries showing a
decline. More than half of these regions with declining
ASIR were high and high-middle SDI countries (Fig. 3,
Table S4, Table S5, Figure S8). During this period, the
highest increases in ASIR (AAPC=11.51%, 95%CI:
10.59-12.43%), ASPR (AAPC=12.30%, 95%CI: 11.83—
12.78%), ASMR (AAPC=11.08%, 95%ClIL: 10.11-12.07%),
and ASDR (AAPC=10.99%, 95%CIL: 9.98-12.01%)
were observed in Cabo Verde, while the most signifi-
cant decreases of ASIR (AAPC = -3.25%, 95%CI: -4.53%
to -1.94%), ASPR (AAPC = -2.29%, 95%CI: -3.51% to
-1.06%), ASMR (AAPC = -4.05%, 95%CI: -5.34% to
-2.74%), and ASDR (AAPC = -4.06%, 95%CI: -5.32% to
-2.77%) were recorded in Sri Lanka (Fig. 3, Figure S8,
Table S5, Table S6). In 2021, Czechia showed the highest
ASIR (92.25 per 100,000 people) and ASDR (819.88 per
100,000 people) (Table S5). The national prevalence and
mortality for people aged 65 years and older and associ-
ated AAPC from 1990 to 2021 were presented in Tables
S5, Figures S8, and S9.

Trends between SDI and KC

Our results showed that ASIR, ASDR and SDI were posi-
tively correlated at the global and regional levels (ASIR-
SDI: R=0.81, ASDR-SDI: R=0.78, all P<0.001) (Fig. 4).
Specifically, as the SDI increased, the ASIR showed
a brief decline when the SDI value was less than 0.367,
increased within the range of 0.367 to 0.811, and then
declined again. Similarly, the ASDR exhibited a brief
decline when the SDI value was less than 0.376, increased
within the range of 0.376 to 0.755, and then declined
again. The ASIR in High-income North America and
Southern Latin America was higher than expected based
on the SDI value over the observation period. In con-
trast, the ASIR in High-income Asia Pacific was below
expectation for its SDI level. Similarly, ASDR in Southern
Latin America was higher than expected based on SDI
value over the observation period, while ASDR in High-
income Asia Pacific was lower than expected at its SDI
level, and the ASDR of Eastern Europe was also higher
than expected (Fig. 4).

The relationships between ASIR, ASDR and SDI across
204 countries and territories showed an initial rise,
peaking at SDI of 0.913 and 0.861 respectively, and sub-
sequently a downward trend (ASIR-SDI: R=0.70, ASDR-
SDI: R=0.65, all P<0.001) (Fig. 4). Figure S10 provides
an overview of the associations between ASPR, ASMR
and SDI in KC among people aged 65 years and older at
global, regional, and national levels.

Risk factors

Smoking and high BMI were the main risk factors for KC
related DALYs and mortality, while the contribution of
occupational exposure to trichloroethylene was relatively
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Fig. 3 Age-standardized incidence and DALYs of KC in people aged 65 years and older in 204 countries and territories(A) Age-standardized incidence in
2021; (B) AAPC in age-standardized incidence from 1990 to 2021; (C) Age-standardized DALYs in 2021; (D) AAPC in age-standardized DALYs from 1990 to
2021. DALYs disability-adjusted life-years; KC kidney cancer; AAPC average annual percentage change

small. In 2021, the ASDR and ASMR for KC were 25.85
and 1.46 per 100,000 people due to smoking, 48.98 and
2.87 per 100,000 people due to high BMI, and 0.08 and
0.004 per 100,000 people due to occupational exposure
to trichloroethylene (Table 2). From 1990 to 2021, the
ASDR of KC attributed to high BMI (AAPC=0.66%,
95%CIL: 0.60—0.72%) and occupational exposure to tri-
chloroethylene (AAPC=1.73%, 95%CIL 1.65-1.80%)
exhibited an upward trend, whereas the ASDR of KC
due to smoking demonstrated a downward trend (AAPC
= -0.69%, 95%CI: -0.75% to -0.63%). In 2021, smok-
ing (ASDR=45.89 per 100,000 people) and high BMI
(ASDR =88.99 per 100,000 people) contributed the most
to the DALYs for KC in countries with high SDI. Notably,
between 1990 and 2021, countries with high SDI experi-
enced the most rapid decline in ASDR (AAPC = -0.96%,
95%CI: -1.08% to -0.84%) attributable to smoking, while
the slowest increase in ASDR (AAPC=0.48%, 95%CI:
0.39-0.57%) attributable to high BMI were also observed
in high SDI countries (Table 2).

During the same time, high BMI (AAPC=0.80%,
95%CI: 0.70-0.90%) and occupational exposure to tri-
chloroethylene (AAPC=1.74%, 95%CI: 1.67-1.81%)
contributed to an upward trend in ASMR globally, while
smoking contributed to a downward trend (AAPC =

-0.56%, 95%CI: -0.63% to -0.50%). In countries with high
SDI, smoking experienced the most significant reduction
in ASMR (AAPC = -0.78, 95%CI: -0.89% to -0.67%) from
1990 to 2021, and high BMI had the highest ASMR (2.54
per 100,000 people) in 2021 (Table 2).

Global disease burden prediction for KC to 2040

Using the BAPC model, we projected the global burden
of KC for individuals aged 65 years and older from 2022
to 2040. The results suggest a continuing decline in the
global burden of KC among both males and females, indi-
cating a favorable trend (Fig. 5). The ASIR, ASPR, ASMR,
and ASDR are estimated to fall to 22.52, 82.52, 11.81, and
192.15 per 100,000 people by 2040, respectively (Table S7
and S8). Specifically, by sex, the decline in males will be
greater.

Discussion

To the best of our knowledge, this study represents the
first comprehensive assessment of the burden for KC and
associated risk factors in people aged 65 years and older
from 1990 to 2021, along with projections through 2040.
Our findings found that the ASIR for KC increased from
1990 to 2021, while the ASDR remained stable. Further-
more, the global burden of KC is projected to decline
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through 2040. In the stratified analysis, the burden of
KC was significantly higher in males than in females,
with ASIR peaking in the 85 to 89 age group in 2021.
The burden of KC is also more pronounced in countries
with high SDI, with substantial inter-country variations.
Moreover, our study showed a significant positive corre-
lation between SDI values and KC burden. Our findings
regarding the older population differ from those previ-
ously published in GBD 2019 concerning the general
population’s KC [26, 27]. The GBD 2019 results indicated
that High-income North America had the most incident
cases in 2019, and East Asia had the largest increase in
ASMR between 1990 and 2019. In our study, Western
Europe had the highest incident cases in 2021, and Tropi-
cal Latin America had the largest increase in ASMR for
KC between 1990 and 2021. These findings contribute to
a more comprehensive understanding of the increased
global burden of KC by focusing on trends in older
patients (> 65 years). These results hold significant impli-
cations for both health practice and future research.
From 1990 to 2021, the global ASIR, ASPR, and ASMR
for people aged 65 years and older showed an upward

trend, although ASDR remained largely unchanged.
Much of the increase in incidence can be attributed to
increased life expectancy and population growth [28],
as KC is typically diagnosed in individuals aged 60 to 70
years [29]. In addition, over the past decades, advances
and widespread use of abdominal cross-sectional imag-
ing have also led to an increase in the number of inciden-
tal diagnoses of KC, which has resulted in an increase in
the incidence [27, 30]. The shift from traditional to indus-
trial diets, greater exposure to environmental pollutants,
and lifestyle alterations such as reduced physical activity
can all lead to an elevated risk of chronic kidney diseases,
which in turn leads to the development of KC [31-33].
Our study revealed that across different age groups,
the KC burden is consistently higher in males than in
females. Smoking, alcohol consumption, obesity, and
unhealthy lifestyle habits are known risk factors for the
occurrence and progression of KC [34—36]. Males are
generally exposed to these risk factors for a longer dura-
tion, making them more likely to develop KC. For exam-
ple, the global smoking rate was estimated at 32.6% for
males and 6.5% for females in 2020 [32]. Previous study
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Table 2 Main risk factors for age-standardized DALYs and mortality of KC in people aged 65 years and older between 1990 and 2021,

and their AAPC from 1990 to 2021

Risk factors by SDI  Age-standardized DALYs AAPC P Age-standardized mortality AAPC Pvalue
(per 100,000) (95% UI) (95% ClI) value (per 100,000) (95% UI) (95% CI)
1990 2021 1990 2021

Smoking

Global 31.99 25.85 -0.69 <0.001 1.74 1.46 -0.56 <0.001
(19.71-45.97)  (15.12-37.81) (-0.75t0-0.63) (1.05-2.52) (0.83-2.17) (-0.63 t0 -0.50)

Low SDI 328 3.14 -0.11 0.011 0.18 0.18 -0.09 0.234
(1.85-4.87) (1.75-4.74) (-0.20 to -0.03) (0.10-0.27) (0.10-0.27) (-0.24 t0 0.06)

Low-middle SDI 6.87 742 030 <0.001 038 042 030 0.001
(4.20-9.82) (4.54-10.66) (0.18t0 0.41) (0.23-0.55) (0.25-0.60) (0.13t0 0.48)

Middle SDI 12.19 13.82 040 0.004 0.69 0.79 042 0.002
(7.76-17.03) (844-19.58) (0.12t0 0.67) (0.44-0.97) (0.48-1.12) (0.15t0 0.70)

High-middle SDI 33.84 34.58 0.11 0.128 1.79 1.86 0.18 0.022
(21.14-47.72)  (20.93-49.10) (-0.03t0 0.25) (1.11-2.55) (1.11-2.68) (0.031t00.33)

High SDI 6145 45.89 -0.96 <0.001 322 254 -0.78 <0.001
(37.20-89.04) (25.77-70.68) (-1.08 to-0.84) (1.92-4.73) (1.39-3.98) (-0.89t0 -0.67)

High body mass index

Global 39.81 4898 0.66 <0.001 224 287 0.80 <0.001
(1545-65.10)  (19.67-79.56) (0.60t00.72) (0.87-3.68) (1.14-4.69) (0.70 t0 0.90)

Low SDI 418 837 2.28 <0.001 0.22 0.46 2.36 <0.001
(1.54-6.79) (2.95-14.08) (2.23t02.33) (0.08-0.36) (0.16-0.77) (2.26 10 2.46)

Low-middle SDI 5.20 13.11 3.05 <0.001 0.29 0.72 3.04 <0.001
(1.96-8.37) (5.14-21.53) (2.91 10 3.20) (0.11-0.46) (0.28-1.19) (2.87103.22)

Middle SDI 1049 2322 262 <0.001 0.60 1.31 259 <0.001
(4.00-17.11) (9.36-38.57) (257 t0 2.67) (0.23-0.98) (0.53-2.19) (2.54 t0 2.65)

High-middle SDI 46.56 64.72 1.09 <0.001 254 367 1.22 <0.001
(18.16-76.15)  (25.82-104.70)  (0.89to 1.29) (0.98-4.16) (1.45-5.97) (1.04 to 1.40)

High SDI 76.21 88.99 048 <0.001 4.16 511 0.65 <0.001
(29.60-124.72)  (36.17-14343)  (0.39t0 0.57) (1.61-6.82) (2.04-8.27) (04810 0.82)

Occupational exposure to trichloroethylene

Global 0.05 0.08 1.73 <0.001 0.002 0.004 1.74 <0.001
(0.01-0.09) (0.02-0.14) (1.65 10 1.80) (0.000-0.004) (0.001-0.007)  (1.67t0 1.81)

Low SDI 0.02 0.03 1.58 <0.001 0.001 0.002 1.64 <0.001
(0.00-0.04) (0.01-0.06) (147 to 1.68) (0.000-0.002) (0.000-0.003)  (1.54t0 1.75)

Low-middle SDI 0.02 0.05 261 <0.001 0.001 0.002 2.64 <0.001
(0.00-0.04) (0.01-0.08) (250t02.72) (0.000-0.002) (0.000-0.004)  (2.54t02.75)

Middle SDI 0.04 0.09 232 <0.001 0.002 0.004 232 <0.001
(0.01-0.08) (0.02-0.16) (2.08 t0 2.55) (0.000-0.004) (0.001-0.008)  (2.19t0 2.45)

High-middle SDI 0.05 0.10 2.05 <0.001 0.002 0.005 2.04 <0.001
(0.01-0.10) (0.02-0.19) (19410 2.16) (0.001-0.005) (0.001-0.009)  (1.94t0 2.13)

High SDI 0.06 0.08 0.73 <0.001 0.003 0.004 0.80 <0.001
(0.01-0.11) (0.02-0.14) (0.60 to 0.86) (0.001-0.005) (0.001-0.007)  (0.67 t0 0.93)

KC kidney cancer; AAPC average annual percentage change; DALYs disability-adjusted life years; SDI socio-demographic index

has also shown that males tend to have a higher BMI than
females [3]. Additionally, industries with higher male
participation may be more likely to expose individuals to
occupational hazards associated with urinary cancer [37].
The report indicated that the occupational exposure to
trichloroethylene of males is about twice that of females
[38], and males also have a higher prevalence in jobs with
such exposure [39].

We found that from 1990 to 2021, the ASIR and ASPR
of KC increased across all age subgroups among people
aged 65 years and older. The increase in urinary disor-
ders with age is usually attributed to the accumulation

of genetic mutations, hormonal changes, and lifestyle
factors over time [16]. Over these decades, likely due to
screening efforts, early diagnosis, and improved treat-
ment and its availability, the 65 to 79 age groups saw a
decline in ASDR and ASMR, indicating improved life
expectancy in these populations. However, in the 80
years and older age groups, the ASDR and ASMR con-
tinued to increase, potentially due to mechanisms such as
cellular aging, stress responses, and declines in immune
function [9]. The heavy KC burden of older adults has
significant social and economic implications worldwide,
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Fig. 5 The temporal trends of age-standardized rates of KC in people aged 65 years and older between 1990 and 2040 at the global level. (A) Age-
standardized incidence; (B) Age-standardized prevalence; (C) Age-standardized mortality; (D) Age-standardized DALYs. The colorful shadow denotes the
95% highest density interval of prediction values. The predictive mean value is shown as a colorful dashed line. The vertical dashed line indicates where

the prediction starts. KC kidney cancer; DALYs disability-adjusted life years

necessitating adaptive policies and strategies to ensure
the well-being of older populations.

As countries become more developed, the burden
of KC tends to increase. In 2021, High-income North
America and Western Europe had the highest ASIR,
while Southern Latin America and Central Europe had
the highest ASDR. The disease burden of KC increased
with the level of SDI, which highlights the impact of dif-
ferent SDI regions on disease prevention and manage-
ment strategies. Although our study confirmed a positive
correlation between SDI and KC burden, the associa-
tion varied across levels of development. The burden of
KC among older adults in High-income Asia Pacific was
substantially lower than expected based on its SDI, while
Southern Latin America showed a higher burden than
expected, consistent with previous findings on trends in
BMI [40]. Several factors may explain why countries with
higher SDI experience a greater burden of KC. In devel-
oped countries with faster development and higher pro-
ductivity, the prevalence of risk factors for KC, including
smoking, obesity, hypertension, and physical inactivity,
is generally higher [41]. Another explanation could be

cross-sectional imaging techniques are more common
in high SDI and high-income countries, which may lead
to an increase in the incidental discovery of small kid-
ney masses [42], with more than half of cases likely to
be discovered incidentally according to the report [43].
Additionally, population aging, driven by increased life
expectancy, is an important reason for the high incidence
of KC in countries with high SDI.

At the national level, Czechia exhibited the highest
ASIR and ASDR in 2021, possibly due to factors such as
arsenic exposure, high prevalence of smoking and obe-
sity [43]. This study found that while the ASIR of KC
continued to rise in most countries, 12 countries, pri-
marily in high SDI and high-middle SDI regions, showed
a decrease in ASIR. In general, countries with high SDI
values tend to have adequate medical resources, a higher
willingness among the population to undergo routine
medical examinations, and the support of relatively pros-
perous economic conditions and effective health promo-
tion. These factors contribute to the decline in the burden
of KC.
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Between 1990 and 2021, smoking and high BMI were
the main drivers of KC among people aged 65 years and
older. Smoking significantly increases the risk of KC
incidence and mortality [44]. Fortunately, “smoke-free”
campaigns in some countries have led to a decline in
smoking rates over the past decade [45, 46]. The decline
was greater in high-income countries compared to low-
income countries [32], which may explain our findings
that the largest decreases in ASMR and ASDR of smok-
ing-related KC were observed in high SDI region. There-
fore, it is crucial to emphasize smoking cessation to the
public as a means to reduce the burden of KC as much as
possible. Countries with higher SDI tend to have a higher
burden of KC caused by high BMI, which may be related
to the higher proportion of overweight people in these
countries [47]. From 1990 to 2021, the high BMI-related
KC burden increased significantly in regions with lower
SDI. This could be due to the gradual improvement of
living conditions and the abundance of food supply over
time, combined with a lack of awareness about the risks
associated with high BMI in these regions [47]. Therefore,
lifestyle management for individuals at high risk for KC,
particularly maintaining a healthy weight through regular
exercise and a balanced diet, is strongly recommended.

Since 2015, ASIR and ASPR of KC among people aged
65 years and older have declined, with a corresponding
decline in ASDR and ASMR occurring a year later. This
phenomenon can be attributed to heightened health con-
sciousness and enhanced lifestyle practices, which have
led to a degree of control over the risk factors associated
with KC. In addition, recent advances in medical diag-
nostic technology have made it easier to diagnose KC at
an earlier stage. Early diagnosis improves the possibility
of timely intervention, which helps reduce mortality. We
predict that this favorable trend will continue from 2022
to 2040 for both males and females.

Given the projected decline in burden by 2040, empha-
sis should be placed on sustaining advances in medi-
cal technology and lifestyle interventions, particularly
in regions experiencing the highest current burden. To
address the disparities in KC burden highlighted by the
study, a multi-faceted approach is recommended. This
includes improving healthcare access by strengthening
medical infrastructure in low SDI region and optimizing
resource allocation in high SDI region. Targeting males
and high SDI region should be prioritized to reduce KC-
specific risk factors and improve early detection and
treatment [16]. The government should implement timely
national obesity prevention and management to stop the
increase of obesity and KC cases, carry out large-scale
tobacco control interventions, such as increasing tobacco
taxes, enhancing mass media campaigns and strength-
ening education [48], improving public awareness of KC
risk factors and early symptoms, and promote regular
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screening for early detection. Finally, long-term planning
and policy advocacy are needed to sustain the projected
decline in KC burden by 2040 and address emerging risk
factors.

Future research should explore more molecular mech-
anisms underlying gender disparities in KC, as under-
standing these biological differences could lead to more
targeted and effective therapies. Additionally, studies are
needed to evaluate the impact of emerging diagnostic
technologies in low SDI settings, where resource limita-
tions may affect their implementation and effectiveness.
Further investigation into the role of environmental and
occupational risk factors, particularly in rapidly industri-
alizing regions, could help identify new prevention strat-
egies. Finally, longitudinal studies tracking the long-term
outcomes of lifestyle interventions and early detection
programs are essential to refine global KC control strate-
gies and ensure equitable health outcomes across diverse
populations.

Our study acknowledges several limitations. First, the
availability and completeness of data, particularly in
low-income countries, may be insufficient, leading to
differences in estimation accuracy. Second, despite the
use of rigorous statistical methods, variations in health
information systems and reporting mechanisms across
regions may affect the accuracy of the results. For exam-
ple, the potential underreporting of KC cases is due to
sparse data and the absence of comprehensive cancer
registries in most low- or middle-income countries, while
the number of cases in high SDI countries is increased
due to incidental diagnosis. Finally, there is typically a
3-year delay in data collection, which means trends in
KC burden over the last three years may differ from our
projections, leading to slight deviations in the subsequent
forecasts.

Conclusions

In conclusion, the global ASIR of KC aged 65 years and
older increased from 1990 to 2021, while the ASDR
remained stable. The burden of KC is expected to decline
through 2040. Overall, the burden of KC is higher in
countries with high SDI, and among males. As popula-
tion aging accelerates worldwide, it is critical to be aware
of the increasing potential burden of KC. This study
advocates urgent response strategies that focus on older
populations and patients with KC, rationalize the alloca-
tion of health resources, and provide targeted guidelines
to address disparities. Attributable risk factor analysis
highlights smoking and high BMI as the leading factors
to KC related DALYs and mortality among older adults.
Policymakers must address the growing burden of KC by
promoting healthy lifestyles, dietary habits, and reducing
smoking to reduce future disease burden.
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