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Introduction

Kidney cancer (KC) is a common urinary system tumor 
with poor prognosis. More than 90% of KCs are renal 
cell carcinomas (RCCs), which originate from the renal 
tubular epithelium T, and the most common type of KC in 
children is Wilms tumor (1,2). The global incidence of KC 

has been increasing since the 1970s, with great differences 
between countries (3). Overall, the incidence rate (IR) of 
KC in males is 1.5 times higher than that of in females, 
with the IR in developed countries, including high-income 
countries such as the United States, European countries, 
and Australia, usually being higher than that in developing 
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countries (4,5). The mortality rate (MR) in high-income 
countries has peaked and started to decline, while the MR 
in Asian and African countries has remained relatively stable 
(6,7). Well-recognized risk factors that are significantly 
associated with the development of KC include smoking, 
obesity, and hypertension (2,6,8). Therefore, KC is a 
concerning threat to human health. Revealing the spatial 
and temporal disease burden of KC will help to better 
understand the epidemiology of KC, thereby providing key 
references for the prevention and management of KC. 

Compared with Europe, America, and Africa, Asia 
has the largest population and is mainly composed of 
developing countries. Additionally, the incidence of KC has 
increased rapidly in recent years. Changes in the disease 
burden of KC in Asia will have an important impact on 
the global burden of KC. Up-to-date information on the 
incidence, prevalence, mortality, and disability-adjusted 
life years (DALYs) of KC in Asia is essential for informed 
medical decision-making in Asia. These data can be used to 
develop effective prevention programs, allocate resources 
appropriately, and identify priority research areas.

The Global Burden of Disease (GBD) database provides 
a unique framework for assessing disease burden using 
multiple epidemiological indicators. Previous studies have 
used data from GBD 2017 and GBD 2019 databases to 

estimate the global burden of KC (8,9), and some studies 
have reported the burden of KC in some regions and 
countries (1,10,11). However, there are no studies using the 
latest GBD 2021 data, nor are there any studies specifically 
targeting the burden of KC in Asia. Therefore, this study 
conducted comprehensive analyses of the KC burden in Asia 
from 1990 to 2021, aiming to provide valuable information 
for the formulation of better KC prevention and treatment 
policies in Asia in the future. We present this article in 
accordance with the STROBE reporting checklist (available 
at https://tau.amegroups.com/article/view/10.21037/tau-
2024-652/rc).

Methods

Acquisition of KC disease burden data

The disease burden data of KC were downloaded from the 
GBD database (2021, https://ghdx.healthdata.org/). All 
official Asian countries and regions included in GBD were 
summarized in Table 1. The relevant indicators included 
the incidence, prevalence, mortality, DALYs and risk factors 
of KC in Asia and in Asian countries and regions. The 
sociodemographic index (SDI) values were also obtained, 
which reflected the comprehensive development level of the 
countries and regions in Asia and could be used to study the 
correlation between the burden of KC and the degree of 
social development in different Asian countries and regions. 
The specific definitions and calculation methods of the above 
indicators have been described in detail in previous studies 
(12-14). The study was conducted in accordance with the 
Declaration of Helsinki and its subsequent amendments.

The joinpoint regression and age-period-cohort model

Joinpoint regression analyses were used to evaluate the 
temporal trends of the IR, prevalence rate (PR), MR, and 
DALY rate (DR) of KC in Asia. The Joinpoint regression 
model could identify multiple inflection points in time 
series data to determine significant trend shifts, which could 
help decision makers better understand the long-term 
trends in cancer epidemiology, evaluate the effectiveness of 
prevention and control measures, and provide information 
for future policy decisions. The points (joinpoints) where 
the trend changed significantly were found, and the overall 
trend of KC was finally fitted (15). The joinpoint software 
could output the best fitting model, then calculate the 
annual percentage change (APC) for each period, the 
overall average annual percentage change (AAPC), and the 
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corresponding P values. APC (or AAPC) >0 indicated an 
increase in the burden of KC, APC (or AAPC) <0 indicates 
a decrease in the burden of KC, and APC (or AAPC) =0 
indicated no change (16).

Since age, period and birth cohort were confounding 
factors, we applied the age-period-cohort model to assess 
the effects of age, period and birth cohort on KC burden. 
The age effect reflected the relationship between age 
increase and KC burden; the period effect demonstrated 
the relationship between the trend of social change and KC 
burden; and the cohort effect emphasized the relationship 
between birth cohort and KC burden (17,18). Stata software 
was used to calculate the coefficients of age, period and 
cohort, and then converted the coefficients into relative risk 
(RR) values.

Health inequalities, frontier analyses and the 
autoregressive integrated moving average (ARIMA) model

The concentration index (CI) was used to measure the 
degree of health inequalities and was calculated using the 
health equity assessment toolkit (HEAT) software (19). The 
software had powerful computational capabilities to display 
disaggregated data and summary indicators of inequality 
in an interactive and customizable way, thus facilitating 
the interpretation and reporting of health inequalities 
in specific countries. Based on the SDI, the cumulative 
scores of epidemiological indicators contained in the GBD 
database and the cumulative relative distribution of the 
population were fitted into a Lorenz curve. When the curve 
was above the diagonal, it meant that the disease burden was 
concentrated in relatively poor countries, and the CI should 
be negative. When the curve was below the diagonal, it 
meant that the disease burden was concentrated in relatively 
wealthy countries, and the CI should be positive (20,21).

The frontier analyses were applied to assess the 

relationship between KC burden and sociodemographic 
development. The frontier indicated the minimum 
achievable burden based on development status. The 
distance between epidemiological indicators of a country or 
region and the frontier of a country or region represented 
the health gains that were not achieved based on the current 
level of development. We referred to previous studies for 
detailed descriptions (22-24).

We fitted the changes in KC burden from 1990 to 2021 
and used the ARIMA model to predict the KC burden for 
the next 15 years (25).

Statistical analyses

The correlation between SDI and KC burden was 
performed using the Spearman test. All statistical analyses 
were completed using R software 4.3.2 (including frontier 
analyses), Stata 18, and Graphpad 10.1.2. P<0.05 was 
considered statistically significant.

Results

KC burden in Asian countries and regions

The comprehensive analyses of the KC burden in Asian 
countries and regions were conducted. The relevant 
indicators included age standardized incidence rate (ASIR), 
age standardized prevalence rate (ASPR), age standardized 
mortality rate (ASMR), and age standardized DALY 
rate (ASDR). The data for the above four indicators in 
1990 were visualized in Figure 1, while the data for 2021 
were visualized in Figure 2, and the specific details were 
summarized in Table 2.

The three countries and regions with the highest ASIR 
in 1990 were Sri Lanka, Kazakhstan and Bahrain. The three 
countries and regions with the highest ASIR in 2021 were 

Table 1 Official countries and regions in Asia

Administrative division Official countries and regions

Central Asia Armenia, Azerbaijan, Georgia, Kazakhstan, Kyrgyzstan, Mongolia, Tajikistan, Turkmenistan, Uzbekistan

South Asia Bangladesh, Bhutan, India, Nepal, Pakistan

East Asia China, North Korea, Japan, South Korea, Taiwan

Southeast Asia Brunei, Cambodia, Indonesia, Laos, Malaysia, Maldives, Mauritius, Myanmar, Philippines, Seychelles, 
Singapore, Sri Lanka, Thailand, Timor-Leste, Viet Nam

Western Asia Afghanistan, Algeria, Bahrain, Iran, Iraq, Jordan, Kuwait, Lebanon, Oman, Palestine, Qatar, Saudi Arabia, 
Syria, Turkey, United Arab Emirates, Yemen
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Taiwan, Georgia and Turkmenistan. The three countries 
and regions with the largest increase in ASIR from 1990 
to 2021 were Mongolia (362%), Taiwan (317%) and 
Kyrgyzstan (314%). The three countries and regions with 
the highest ASPR in 1990 were Sri Lanka, Bahrain and 
Qatar. The three countries and regions with the highest 
ASPR in 2021 were Taiwan, Bahrain and Turkey. The three 
countries and regions with the largest increase in ASPR 
from 1990 to 2021 were Mongolia (478%), Kyrgyzstan 
(378%) and Saudi Arabia (360%). The three countries and 
regions with the highest ASMR in 1990 were Sri Lanka, 
Brunei and Kazakhstan. The three countries and regions 
with the highest ASMR in 2021 were Turkmenistan, 
Georgia and Azerbaijan. The three countries and regions 
with the largest increase in ASMR from 1990 to 2021 were 
Mongolia (298%), Kyrgyzstan (264%) and Taiwan (260%). 
The three countries and regions with the highest ASDR in 
1990 were Sri Lanka, Azerbaijan and Kazakhstan. The three 

countries and regions with the highest ASDR in 2021 were 
Turkmenistan, Georgia and Azerbaijan. The three countries 
and regions with the largest increase in ASDR from 1990 
to 2021 were Mongolia (311%), Kyrgyzstan (251%) and 
Taiwan (228%).

Sex differences in KC burden

Through preliminary analyses and joinpoint analyses, we 
found that ASIR and ASPR showed a significant upward 
trend in both, female, and male subgroups (Figure 3A-3D, 
Tables S1,S2). ASMR showed a slight upward trend in all 
three subgroups, but the degree of increase has slowed 
down, and the ASMR of females has declined since 2002 
(Figure 3E,3F, Table S3). ASDR showed a slight upward 
trend in both and male subgroups, but the ASDR of both 
groups showed a slight downward trend after 2003, and that 
of females showed a slight downward trend (Figure 3G,3H, 
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ASIR in 1990 ASPR in 1990

ASDR in 1990ASMR in 1990

ASIR ≤1.02
1.02 <ASIR ≤1.13
1.13 <ASIR ≤1.76
1.76 <ASIR ≤2.06
ASIR >2.06

ASPR ≤4.18
4.18< ASPR ≤4.36
4.36< ASPR ≤7.19
7.19< ASPR ≤9.76
ASPR >9.76

ASDR ≤20.12
20.12< ASDR ≤23.52
23.52< ASDR ≤29.28
29.28< ASDR ≤38.50
ASDR >38.50

ASMR ≤0.64
0.64< ASMR ≤0.81
0.81< ASMR ≤0.93
0.93< ASMR ≤1.29
ASMR >1.29

Figure 1 KC disease burden in Asian countries and regions (1990). Including ASIR of 1990 (A), ASPR of 1990 (B), ASMR of 1990 (C), and 
ASDR of 1990 (D). ASIR, age standardized incidence rate; ASPR, age standardized prevalence rate; ASMR, age standardized mortality rate; 
ASDR, age standardized disability-adjusted life year rate; KC, kidney cancer.

https://cdn.amegroups.cn/static/public/TAU-2024-652-Supplementary.pdf
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ASIR in 2021 ASPR in 2021

ASDR in 2021ASMR in 2021

ASIR ≤1.50
1.50< ASIR ≤2.06
2.06< ASIR ≤3.06
3.06< ASIR ≤4.09
ASIR >4.09

ASPR ≤6.77
6.77< ASPR ≤9.22
9.22< ASPR ≤15.97
15.97< ASPR ≤19.98
ASPR >19.98

ASDR ≤27.51
27.51< ASDR ≤29.18
29.18< ASDR ≤34.53
34.53< ASDR ≤42.54
ASDR >42.54

ASMR ≤0.93
0.93< ASMR ≤1.01
1.01< ASMR ≤1.25
1.25< ASMR ≤1.96
ASMR >1.96

A

C

B

D

Figure 2 KC disease burden in Asian countries and regions (2021). Including ASIR of 2021 (A), ASPR of 2021 (B), ASMR of 2021 (C), and 
ASDR of 2021 (D). ASIR, age standardized incidence rate; ASPR, age standardized prevalence rate; ASMR, age standardized mortality rate; 
ASDR, age standardized disability-adjusted life year rate; KC, kidney cancer.

Table 2 Summary of the results of ASIR, ASPR, ASMR and ASDR for kidney cancer in Asian countries and regions in 1990 and 2021

Location
ASIR ASPR ASMR ASDR

1990 2021 1990 2021 1990 2021 1990 2021

Afghanistan 1.48 2.06 6.02 9.75 1.07 1.21 31.37 34.54

Algeria 0.58 1.16 2.67 6.44 0.38 0.56 9.91 13.35

Armenia 3.26 5.23 11.91 22.05 2.06 2.85 56.51 72.93

Azerbaijan 3.79 5.07 13.80 20.86 2.49 2.91 77.96 85.44

Bahrain 3.96 5.48 17.53 30.86 2.55 2.48 61.81 57.26

Bangladesh 0.70 0.88 1.78 3.15 0.60 0.60 17.59 16.14

Bhutan 0.68 1.14 1.78 4.07 0.58 0.79 17.06 21.39

Brunei 3.58 4.39 10.26 17.2 2.76 2.71 67.48 65.14

Cambodia 1.12 1.73 4.26 7.71 0.79 1.01 24.02 29.17

China 1.79 3.32 7.19 17.75 1.14 1.25 35.84 34.18

North Korea 1.78 2.17 8.95 11.57 0.90 0.93 28.87 29.18

Georgia 2.93 5.58 12.33 22.99 1.63 3.13 49.16 87.31

India 0.56 1.02 1.51 3.51 0.47 0.69 13.67 18.40

Table 2 (continued)
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Table 2 (continued)

Location
ASIR ASPR ASMR ASDR

1990 2021 1990 2021 1990 2021 1990 2021

Indonesia 1.02 1.80 4.36 8.23 0.64 0.99 20.12 28.87

Iran 1.76 2.97 9.76 18.33 0.93 1.16 28.86 30.71

Iraq 2.13 3.48 10.25 19.66 1.33 1.59 38.5 43.46

Japan 3.40 4.75 15.24 24.92 1.75 1.96 43.68 42.54

Jordan 1.54 2.66 7.55 15.84 0.95 1.15 25.82 30.41

Kazakhstan 4.15 4.87 15.49 21.58 2.62 2.57 77.6 73.09

Kuwait 1.86 3.82 10.44 24.62 0.94 1.36 25.29 34.81

Kyrgyzstan 1.20 3.77 4.23 15.97 0.81 2.14 24.41 61.35

Laos 1.11 1.50 3.87 6.18 0.81 0.93 25.27 27.51

Lebanon 2.04 3.93 9.90 23.17 1.25 1.74 32.14 41.56

Malaysia 1.89 2.85 7.88 13.69 1.12 1.38 29.28 34.76

Maldives 0.97 1.14 3.57 5.86 0.67 0.52 17.06 13.50

Mauritius 1.49 2.22 7.21 11.55 0.76 0.99 21.47 27.48

Mongolia 1.13 4.09 3.18 15.21 0.87 2.59 23.52 73.17

Myanmar 1.11 1.48 4.22 6.77 0.76 0.85 24.33 25.75

Nepal 0.56 0.89 1.41 2.89 0.48 0.65 14.09 16.92

Oman 0.91 1.82 4.18 10.3 0.59 0.81 15.61 20.63

Pakistan 0.84 1.30 2.01 3.84 0.72 0.98 20.60 28.47

Palestine 2.08 2.74 10.12 15.48 1.25 1.28 33.36 33.2

Philippines 1.56 2.10 6.86 9.22 0.86 1.11 28.35 34.53

Qatar 3.77 4.62 17.19 27.18 2.38 1.95 56.77 45.16

South Korea 1.85 4.02 6.55 21.18 1.25 1.61 33.9 36.79

Saudi Arabia 1.19 3.48 5.55 19.98 0.77 1.49 20.77 38.08

Seychelles 2.11 2.66 9.78 13.05 1.16 1.28 32.76 34.20

Singapore 2.73 3.86 10.23 20.08 1.71 1.62 42.94 36.24

Sri Lanka 5.65 1.93 25.07 10.14 3.23 0.82 86.58 21.21

Syria 1.74 2.76 8.48 15.75 1.08 1.27 30.12 32.12

Taiwan 2.93 9.29 16.98 56.73 1.06 2.76 30.34 69.05

Tajikistan 2.49 2.11 8.08 7.56 1.82 1.43 52.1 41.53

Thailand 1.54 3.06 7.19 17.48 0.82 1.14 22.99 33.41

Timor-Leste 0.88 1.10 3.43 4.62 0.60 0.67 19.11 19.97

Turkey 3.39 4.90 17.02 30.33 2.00 1.94 58.92 51.88

Turkmenistan 2.06 5.54 8.79 22.20 1.29 3.30 48.62 99.44

United Arab Emirates 2.95 4.73 13.74 23.54 1.85 2.54 49.02 56.30

Uzbekistan 1.47 2.39 5.77 9.50 0.92 1.44 29.99 42.24

Viet Nam 0.51 1.18 2.15 5.92 0.31 0.54 8.38 14.17

Yemen 1.08 1.42 4.68 6.90 0.75 0.84 22.39 23.14

ASIR, age standardized incidence rate; ASPR, age standardized prevalence rate; ASMR, age standardized mortality rate; ASDR, age 
standardized disability-adjusted life year rate.
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Figure 3 Sex-related KC disease burden over the years. The ASIR (A), ASPR (C), ASMR (E), and ASDR (G) of KC and the corresponding 
absolute number of patients were visualized. The APC and AAPC of ASIR (B), ASPR (D), ASMR (F), and ASDR (H) were calculated by 
the joinpoint regression analysis model. *, P<0.05. AAPC, average annual percentage change; APC, annual percentage change; ASIR, age 
standardized incidence rate; ASPR, age standardized prevalence rate; ASMR, age standardized mortality rate; ASDR, age standardized 
disability-adjusted life year rate; KC, kidney cancer.
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Table S4).
In 1990, the IR, PR, MR, DR and the corresponding 

absolute number of KC all showed similar trends, with a 
peak at the <5 years stage, followed by a gradual decline 
to the lowest point at the 15–19 years stage, and then an 
upward trend. Except for PR, which showed a downward 
trend after the 70–74 years stage, the other indicators 
remained on the rise (Figure S1A-S1H). In 2021, the IR, 
PR, MR, DR and the corresponding absolute number of 
KC were basically the same as in 1990, but the peak in 
the <5 years stage in 1990 disappeared. In most cases, IR, 
PR, MR, DR and the corresponding absolute number of 
male subgroup were greater than those of female subgroup 
(Figure S1I-S1P).

Through ARIMA prediction, except for ASMR of 
female, ASDR of both, and ASDR of female, the remaining 
indicators would increase significantly in the next 15 years 
(Figure S2A-S2L).

The age-period-cohort model and health inequalities

We conducted age-period-cohort model analyses on the 
RR of KC incidence and mortality in three dimensions: 
age, period, and birth cohort. After adjusting for period 
and birth cohort, the RR of KC incidence first decreased 

and then increased with age, with the lowest point at age 
15. After adjusting for age and birth cohort, the RR of KC 
incidence increased with period. After adjusting for age and 
period, the RR of KC incidence decreased with birth cohort 
(Figure S3A-S3C). After adjusting for period and birth 
cohort, the RR of KC mortality first decreased and then 
increased with age, with the lowest point at age 15. After 
adjusting for age and birth cohort, the RR of KC mortality 
increased with period. After adjusting for age and period, 
the RR of KC mortality first increased and then decreased 
with birth cohort, with the highest point at 1915–1919 
(Figure S3D-S3F).

Hea l th  inequa l i t i e s  ana ly se s  were  conduc ted 
subsequently. The Lorenz curve and the CIs of two years 
(1990 and 2021) both indicated that the disease burden of 
the four indicators of KC was concentrated in relatively 
wealthy countries, and the disease burden of KC in wealthy 
countries increased slightly in 2021 (Figure 4A-4D). ASIR, 
ASPR, ASMR and ASDR were all positively correlated with 
SDI (Figure 4E-4H).

Frontier analyses

In the frontier analyses of ASIR, ASPR, ASMR and ASDR 
based on KC in Asian countries and regions from 1990 

https://cdn.amegroups.cn/static/public/TAU-2024-652-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TAU-2024-652-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TAU-2024-652-Supplementary.pdf
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to 2021, with the increase of SDI, ASIR, ASPR, ASMR 
and ASDR showed an upward trend and were further 
away from the frontier (Figure 5A-5D). The results of the 
frontier analyses in 2021 suggested that in terms of ASIR, 
ten countries and regions such as Taiwan, Georgia and 
Turkmenistan had significantly higher ASIR and were 
far from the frontier. In contrast, the ASIR of countries 
and regions such as Bangladesh, Nepal and India were 
closer to the frontier (Figure 5E). When evaluating ASPR, 
ten countries and regions such as Taiwan, Bahrain and 
Qatar had significantly higher ASPR and were far from 
the frontier. In contrast, the ASPR of countries such as 
Nepal, Bangladesh and India were closer to the frontier 
(Figure 5F). When evaluating ASMR, ten countries and 
regions such as Turkmenistan, Georgia and Azerbaijan had 
significantly higher ASMR and were far from the frontier. 
In contrast, the ASMR of countries such as Maldives, Viet 
Nam and Algeria were closer to the frontier (Figure 5G). 
When evaluating ASDR, ten countries and regions such 
as Turkmenistan, Georgia and Azerbaijan had significantly 
higher ASDR and were far from the frontier. In contrast, 
the ASDR of countries such as Maldives, Viet Nam and 
Algeria were closer to the frontier (Figure 5H).

KC burden attributable to high body mass index (HBMI) 
in Asia

We analyzed the risk factors attributable to ASMR and 
ASDR of KC. Three risk factors for KC were found in 
the GBD database (HBMI, smoking, and occupational 
carcinogens). The results showed that the ASMR and ASDR 
attributable to HBMI increased significantly over time, 
while the other two risk factors did not change significantly 
(Figure S4A,S4B).

ASMR [1990 (Figure S5A) and 2021 (Figure S5B)] 
and ASDR [1990 (Figure S5C) and 2021 (Figure S5D)] 
attributed to HBMI in Asia were summarized (Table 3). 
The three countries and regions with the highest ASMR 
in 1990 were Qatar, Azerbaijan and Kazakhstan. The three 
countries and regions with the highest ASMR in 2021 were 
United Arab Emirates, Bahrain and Turkmenistan. The 
three countries and regions with the largest increase in 
ASMR from 1990 to 2021 were Taiwan (460%), Kyrgyzstan 
(340%) and Turkmenistan (333%). The three countries and 
regions with the highest ASDR in 1990 were Azerbaijan, 
Kazakhstan and Qatar. The three countries and regions with 
the highest ASDR in 2021 were Turkmenistan, Georgia and 
Azerbaijan. The three countries and regions with the largest 

Figure 4 Health inequities and SDI-related burden on KC. The Lorenz curve and concentration index suggest that the incidence (A), 
prevalence (B), mortality (C) and DALYs (D) of KC were concentrated in relatively wealthy countries and regions. The ASIR (E), ASPR (F), 
ASMR (G) and ASDR (H) of KC were significantly positively correlated with SDI. ASDR, age standardized disability-adjusted life year rate; 
ASIR, age standardized incidence rate; ASPR, age standardized prevalence rate; ASMR, age standardized mortality rate; DALY, disability-
adjusted life year; SDI, sociodemographic index.
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Table 3 Summary of the results of ASMR and ASDR attributable to high body-mass index for kidney cancer in Asian countries and regions in 
1990 and 2021

Location
ASMR ASDR

1990 2021 1990 2021

Afghanistan 0.13 0.21 3.65 5.71

Algeria 0.05 0.13 1.08 2.87

Armenia 0.40 0.65 10.43 16.40

Azerbaijan 0.48 0.69 13.94 18.99

Bahrain 0.47 0.70 11.46 16.42

Bangladesh 0.02 0.04 0.42 0.99

Bhutan 0.05 0.12 1.51 3.11

Brunei 0.22 0.38 6.16 10.65

Cambodia 0.03 0.06 0.85 1.80

China 0.07 0.17 1.76 4.62

North Korea 0.04 0.08 1.14 2.09

Georgia 0.32 0.69 9.28 19.37

India 0.02 0.06 0.46 1.54

Indonesia 0.03 0.08 0.79 2.52

Iran 0.11 0.28 2.96 6.96

Iraq 0.29 0.42 7.81 11.05

Japan 0.15 0.22 3.72 4.81

Jordan 0.21 0.35 5.36 8.84

Kazakhstan 0.48 0.57 13.27 15.86

Kuwait 0.21 0.45 5.35 11.02

Kyrgyzstan 0.15 0.51 4.00 14.14

Laos 0.03 0.08 1.00 2.26

Lebanon 0.24 0.48 6.00 11.24

Malaysia 0.11 0.20 2.92 5.31

Maldives 0.04 0.06 1.04 1.64

Mauritius 0.08 0.17 2.33 4.75

Mongolia 0.16 0.50 4.14 13.89

Myanmar 0.03 0.06 1.04 1.88

Nepal 0.02 0.05 0.47 1.39

Oman 0.08 0.23 2.23 5.98

Pakistan 0.04 0.12 1.14 3.15

Palestine 0.25 0.36 6.26 9.01

Philippines 0.06 0.13 1.73 3.80

Table 3 (continued)
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Table 3 (continued)

Location
ASMR ASDR

1990 2021 1990 2021

Qatar 0.52 0.62 12.43 14.44

South Korea 0.09 0.18 2.43 4.29

Saudi Arabia 0.15 0.47 3.80 12.12

Seychelles 0.15 0.27 4.36 7.45

Singapore 0.13 0.24 3.53 5.61

Sri Lanka 0.21 0.09 5.67 2.45

Syria 0.19 0.39 4.84 9.39

Taiwan 0.10 0.46 2.70 11.34

Tajikistan 0.30 0.29 7.99 7.88

Thailand 0.05 0.15 1.41 4.36

Timor-Leste 0.01 0.03 0.39 0.88

Turkey 0.36 0.53 9.46 13.67

Turkmenistan 0.21 0.70 5.97 20.23

United Arab Emirates 0.34 0.79 8.99 17.66

Uzbekistan 0.17 0.33 4.99 9.08

Viet Nam 0.01 0.03 0.20 0.79

Yemen 0.06 0.14 1.60 3.63

ASMR, age standardized mortality rate; ASDR, age standardized disability-adjusted life year rate.

increase in ASDR from 1990 to 2021 were Taiwan (420%), 
Viet Nam (395%) and Kyrgyzstan (353%).

Through preliminary analyses and joinpoint analyses, 
we found that ASMR and ASPR showed a significant 
upward trend in both, female, and male subgroups  
(Figure 6A-6D). In 1990, the absolute number of KC 
mortalities and DALYs attributed to HBMI first increased 
and then decreased with age, with the peak of the absolute 
number of male mortalities occurring at 60–64 years old, the 
peak of the absolute number of female mortalities occurring 
at 65–69 years old, the peak of the absolute number of 
male DALYs occurring at 55–59 years old, and the peak of 
the absolute number of female DALYs occurring at 60–64 
years old (Figure 6E-6H). In 2021, the absolute number 
of KC mortalities attributed to HBMI increased with age, 
the absolute number of DALYs first increased and then 
decreased with age, with the peak of the absolute number 
of male DALYs occurring at 55–59 years old, and the peak 
of the absolute number of female DALYs occurring at  

65–69 years old. In both 1990 and 2021, MR and DR 
increased significantly with age in both sexes (Figure 6I-6L) 
(Tables S5,S6). Finally, it was predicted that both ASMR 
and ASDR attributed to HBMI would increase significantly 
in the next 15 years (Figure S6A,S6F).

We conducted age-period-cohort model analyses on the 
RR of KC mortality attributed to HBMI. After adjusting for 
period and birth cohort, the RR of KC mortality increased 
with age. After adjusting for age and birth cohort, the RR of 
KC mortality increased with period. After adjusting for age 
and period, the RR of KC mortality decreased with birth 
cohort (Figure S7A-S7C).

Hea l th  inequa l i t i e s  ana ly se s  were  conduc ted 
subsequently. The Lorenz curve and the CIs of two years 
(1990 and 2021) both indicated that the disease burden of 
the ASMR and ASDR attributed to HBMI was concentrated 
in relatively wealthy countries, and the disease burden 
of KC in wealthy countries increased slightly in 2021  
(Figure 7A,7B). ASMR and ASDR attributed to HBMI were 
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Figure 6 Sex- and age-related KC disease burden attributed to HBMI. The ASMR attributed to HBMI (A) and ASDR attributed to HBMI 
(C) of KC and the corresponding absolute number of patients were visualized. The APC and AAPC of ASMR attributed to HBMI (B) and 
ASDR attributed to HBMI (D) were calculated by the joinpoint regression analysis model. In addition, the KC disease burden by sex and 
age in 1990 and 2021 was also visualized. Including the number and rate of KC mortality attributed to HBMI [1990 (E,F) and 2021 (I,J)] and 
the number and rate of DALYs attributed to HBMI [1990 (G,H) and 2021 (K,L)]. *, P<0.05. ASMR, age standardized mortality rate; ASDR, 
age standardized disability-adjusted life year rate; DALYs, disability-adjusted life years; HBMI, high body mass index; KC, kidney cancer.

all positively correlated with SDI (Figure 7C,7D).
In the frontier analyses of ASMR attributed to HBMI 

and ASDR attributed to HBMI based on KC in Asian 
countries and regions from 1990 to 2021, with the increase 
of SDI, ASMR and ASDR showed an upward trend and 
were further away from the frontier (Figure S8A,S8B). The 
results of the frontier analyses in 2021 suggested that in 
terms of ASMR, ten countries such as Georgia, Bahrain and 
the United Arab Emirates had significantly higher ASMR 
and were far from the frontier. In contrast, the ASMR of 
countries such as Timor-Leste, Viet Nam and Bangladesh 
were closer to the frontier (Figure S8C). When evaluating 
ASDR, ten countries such as Turkmenistan, Georgia and 
Azerbaijan had significantly higher ASDR and were far 
from the frontier. In contrast, the ASDR of countries such 

as Timor-Leste, Viet Nam and Bangladesh were closer to 
the frontier (Figure S8D).

Discussion

We conducted comprehensive analyses of the KC disease 
burden and risk factors (HBMI) in Asia. The KC burden 
has increased significantly in Asia. The SDI is significantly 
positively correlated with ASIR, ASPR, ASMR and ASDR. 
Among all risk factors, the KC burden attributed to HBMI 
(ASMR and ASDR) is still increasing and also significantly 
positively correlated with SDI. The rising burden of KC 
in high-SDI countries can be attributed to overweight, 
smoking and hypertension (26). In addition, countries 
and regions with high SDI have an increased probability 
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of incidentally discovering renal structural abnormalities 
during abdominal imaging examinations or routine 
physical examinations for other diseases due to increased 
health awareness among the population, widespread use of 
advanced diagnostic technologies (even small renal masses 
can be identified), and favorable economic conditions. 
This phenomenon of overdiagnosis has led to an increase 
in the burden of KC in countries and regions with high  
SDI (27-29).

Compared with the more economically developed 
Europe and North America, the burden of KC in Asian 
countries and regions is relatively low, but it has increased 
rapidly in recent years. The main reason could be that 
with the development of the Asian economy and the 
improvement of diagnostic techniques, the detection rate of 

KC has increased (7). In addition, lifestyle and diet in Asian 
countries has shown a westernization trend with increased 
calorie intake and lack of adequate exercise, which could 
increase HBMI and promote the incidence and mortality 
of KC (3,30). An increasingly aged population may also 
contribute to KC incidence (31,32). Among Asian countries 
and regions, Mongolia had the fastest growth in ASIR, 
ASPR, ASMR, and ASDR from 1990 to 2021. Taiwan 
had the fastest growth in ASMR and ASDR attributed 
to HBMI. These results suggest that KC might become 
one of the major public health problems in economically 
underdeveloped countries and regions that had a lower 
disease burden previously.

We also find that in Asia, the KC burden in males is 
much heavier than that in females. Genetics, hypertension, 
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obesity, lifestyle, and sex hormones all contribute to sex 
differences in the burden of KC. From a genetic point of 
view, escape from X-chromosome linked inactivation and 
Y-chromosome loss can lead to a higher burden of KC in 
males than in females (33). Hypertension is independently 
associated with the risk of KC, with a higher incidence 
of hypertension in males than in females (34,35). Male 
hypertensive patients are 1.32 times more likely to develop 
KC (36). Although the use of antihypertensive medications 
is significantly associated with an increased risk of KC, it 
is not associated with gender subgroups (37). Males tend 
to develop visceral fat, which resulted in a significantly 
higher BMI than females which has been shown to be a risk 
factor for various cancers (38-41). But obese premenopausal 
females having an increased risk of KC (odds ratio 1.67) (42). 
Smoking is an important risk factor for the KC burden, 
and it significantly increases the risk of KC incidence and 
disease-specific mortality (43). The smoking rate among 
Asian males was significantly higher than that among 
females, and the sex difference in the smoking rate would 
exacerbate the difference in KC burden between males and 
females (44). Although the KC burden caused by smoking 
did not change significantly from 1990 to 2021 in the 
analyses of attributable risk factors, it has remained at a 
high level. And a study pointed that the sex differences in 
KC decreases with age, suggesting that female hormones 
may play an important role (45). Estrogen and progesterone 
have a protective effect on renal blood flow, glomerular 
filtration rate, and nephron ion and water reabsorption 
processes, while testosterone tends to impair these  
functions (46). Therefore, the biological effects of estrogen 
are the most important factors in enhancing female renal 
function and preventing renal disease. For both males and 
females, a peak in KC burden occurred in the <5 years stage 
(1990), which was attributed to Wilms tumor (the most 
common KC in children). By 2021, the KC burden in the 
<5 years stage had decreased significantly, which was closely 
related to the improvement of medical technology.

The results of the age-period-cohort model were 
generally consistent. The RR of the age effect was generally 
on an upward trend. DNA damage caused by aging and the 
production of inflammatory cytokines could promote the 
occurrence and progression of tumors (47-49). The period 
effect had a significant increase in the disease burden of 
KC, which might be related to changes in dietary patterns 
and the increase in the obese population. HBMI could 
significantly increase the risk of KC and is an independent 
prognostic factor for KC (34,50,51). The cohort effect 

represented the impact of socioeconomic, behavioral and 
environmental factors on the risk of KC. The RR of the 
cohort effect was generally on a continuous downward 
trend. This decline was the result of socioeconomic and 
medical development. In addition, the health awareness of 
the younger generation has improved, and they paid more 
attention to a reasonable diet and appropriate exercise, 
which was also an important reason why the KC burden 
attributed to HBMI has decreased with the birth cohort.

Frontier analyses showed that the KC burden has tilted 
more heavily toward developed countries and regions 
between 1990 and 2021, and had a clear positive correlation 
with SDI. The 2021 frontier analyses results showed that 
the KC burden in developed countries and regions was 
far from the optimal frontier, and there was room for 
improvement. Developing countries were in the leading 
position in dealing with the KC burden, which could serve 
as a reference for developed countries to formulate health 
care policies.

This study provided comprehensive assessments of the 
KC burden in Asia, offering valuable insights for health 
policy makers. The burden of KC in Asia is increasing, and 
we predict that it will continue to increase in the future. 
Several autosomal dominant tumor syndromes predispose 
patients to KC, including von Hippel-Lindau syndrome, 
hereditary leiomyoma and RCC syndrome, hereditary 
papillary RCC and Birt-Hogg-Dube syndrome, which are 
caused by germline mutations in von Hippel-Lindau tumor 
suppressor (VHL), fumarate hydratase (FH), MET proto-
oncogene, receptor tyrosine kinase (MET), and folliculin 
(FLCN), respectively. Patients with germline mutations 
in BRCA1 associated deubiquitinase 1 (BAP1), succinate 
dehydrogenase complex iron sulfur subunit B (SDHB), 
succinate dehydrogenase complex subunit C (SDHC), 
succinate dehydrogenase complex subunit D (SDHD), TSC 
complex subunit 1 (TSC1), TSC complex subunit 2 (TSC2), 
and melanocyte inducing transcription factor (MITF) are 
also at increased risk for KC (6). In Asian countries and 
regions where the burden of KC has increased significantly, 
the characteristics of these KC-related genes can be 
investigated to clarify the mechanisms of KC growth. 
Compared with genetic investigations, interventions 
on modifiable risk factors are also an effective means of 
preventing KC. In our study results, the risk factor HBMI 
deserves further attention. Asian countries and regions with 
high SDI have a higher burden of KC caused by HBMI, and 
the burden of KC in males is greater than that in females. 
Therefore, it is crucial to prioritize additional education on 
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healthy lifestyles and diets for males in all Asian countries, 
aiming to reduce the burden in regions and countries with 
higher SDI and curb the growth of the burden in less 
developed regions and countries.

However, there are several limitations in this study that 
need to be discussed. Firstly, due to the diversity of data 
sources, there might be differences between assessments of 
KC burden in the GBD database and the actual situation. 
Due to various objective limitations, it was difficult to 
collect health data in countries with low SDI values, which 
could affect the accuracy and completeness of GBD data. 
Secondly, some grouping information of GBD is missing. 
Due to the diversity of history, religion and political system 
in Asia, there are significant socio-cultural differences (such 
as diet, customs and economic development level) between 
countries and regions. Subgroup analyses based on the 
similarities and differences in social culture may obtain 
more meaningful results. There are numerous histological 
types in KC (e.g., clear cell carcinoma, chromophobe cell 
carcinoma and chromophilic cell carcinoma), and these 
different subtypes can also affect the tumor burden of 
KC. It is also meaningful to conduct subgroup analysis of 
histological classification in specific regions. Finally, due 
to the fact that the current estimates in the GBD database 
were calculated based on past trends and covariates, there is 
a lag. The future GBD database should make corresponding 
improvements to address these limitations, which is 
beneficial for the development of targeted intervention 
measures and the adjustment of healthcare policies in Asia.

Conclusions

After comprehensive analyses, the burden of KC in Asia 
is on the rise and was significantly positively correlated 
with SDI. The main attributable risk factor, HBMI, 
should be given further attention. Investigation of genetic 
characteristics in Asian countries and regions with high 
incidence of KC and additional interventions in healthy 
lifestyle and diet for Asian men will be effective means to 
curb the continued growth of KC burden.
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