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Abstract

Background Prostate cancer (PCa) is the second most common cancer among men worldwide. This study uses data
from the 2021 Global Burden of Disease (GBD) study to estimate the global burden of prostate cancer from 1990 to
2021.

Methods We analyzed the incidence, mortality, and disability-adjusted life years (DALYs) of prostate cancer globally
from 1990 to 2021. Based on the Sociodemographic Index (SDI), we used the estimated annual percentage change
(EAPC) and Age-Period-Cohort model to compare the burden of disease across different age groups and regions
with varying levels of development. Finally, we used the Bayesian Age-Period-Cohort model to predict the trend of
changes in the disease burden of prostate cancer by 2040.

Results In 2021, the global age-standardized incidence rate (ASIR) of prostate cancer was 15.37 per 100,000, an
increase from 13.69 per 100,000 in 1990. However, the age-standardized mortality rate (5.26 per 100,000) and DALY
rate (95.94 per 100,000) decreased significantly compared to 1990. The burden of prostate cancer increased with age,
but overall, the burden across all age groups was lower in 2021 than in 1990. The only exception was the incidence
rate among individuals under 75 in 2021. High-income regions such as North America and Australia exhibited the
highest burden in terms of ASIR, though there has been some reduction in recent years. Conversely, the burden of
mortality and DALYs was highest in regions such as sub-Saharan Africa, West Africa, and the Caribbean, where rates
have continued to rise. Correlation analysis between SDI and the EAPC of the disease burden showed a negative
correlation between EAPC of prostate cancer mortality and DALYs with SDI. The APC analysis showed that in 2021,
the ASIR of prostate cancer in high SDI regions was still significantly higher across all age groups compared to other
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regions. In regions with middle SDI and above, the age-standardized mortality rate and DALY rate decreased over time
or across birth cohorts, with a faster decline in areas with higher SDI. By 2040, it is projected that the global ASIR of
prostate cancer will reverse its current trend and increase, while the age-standardized mortality rate and DALY rate will
continue to decline, and the counts of incidence, mortality, and DALYs will keep rising.

Conclusion Although the global mortality rate and DALY rate for prostate cancer show a decreasing trend, the
number of new cases, deaths, and DALYs continues to rise due to global population growth and the aging population,
and the disease burden remains significant. Furthermore, there are substantial geographic disparities in the disease
burden of prostate cancer. Therefore, targeted programs should be implemented to strengthen prostate cancer

diagnosis and treatment in these specific regions.

Introduction

Prostate cancer is a malignant tumor originating from
the epithelial tissue of the male prostate gland [1], and it
is the most common cancer among men in nearly two-
thirds of countries worldwide, as well as the fifth leading
cause of cancer-related mortality in men [2]. Prostate
cancer typically progresses slowly, with early symptoms
often being subtle or absent, leading many patients to be
diagnosed at advanced stages [3]. Once prostate cancer
reaches an advanced stage and metastasizes, particularly
to bones or other organs, the five-year survival rate can
be as low as 30.5% [4]. Current treatment options, such
as surgery and radiotherapy, often result in complications
related to urinary control and erectile function [5]. Addi-
tionally, while androgen deprivation therapy (ADT) has
emerged as a treatment option, the majority of patients
develop resistance after long-term treatment [6, 7].
Taken together, prostate cancer continues to impose a
significant disease burden on patients and global health
systems.

In addition to its high incidence, the epidemiological
characteristics of prostate cancer include its age-related
nature and geographical variability. The incidence of
prostate cancer is much higher in older populations com-
pared to younger groups [2]. Geographically, according
to the latest estimates from the International Agency for
Research on Cancer (IARC), developed countries such as
the United States and Australia have some of the high-
est incidence rates globally, while the mortality burden
is concentrated in sub-Saharan Africa, West Africa, and
the Caribbean [2]. Therefore, it is crucial to formulate
public health policies tailored to different populations
and regions to alleviate the burden of prostate cancer.
However, IARC’s estimates do not account for the bur-
den imposed by disability following the disease, which is
why this study uses global data from the Global Burden
of Disease (GBD) 2021, focusing on incidence, mortal-
ity, and disability-adjusted life years (DALYs) to better
describe the disease burden.

The GBD database is derived from the most compre-
hensive research to date, aimed at quantifying health
losses across different periods, regions, and populations
to guide progress in health systems. Previous analyses

have already been conducted on the global and regional
burden of prostate cancer based on the GBD 2019 data-
base [8-10], providing valuable insights for the diagnosis
and treatment of prostate cancer. Therefore, this study
utilizes the latest 2021 GBD database, combined with
the Age-Period-Cohort (APC) model and Bayesian Age-
Period-Cohort (BAPC) model, in order to extract and
analyze updated, more comprehensive, and deeper epide-
miological information on prostate cancer, continuing to
contribute to reducing the disease burden.

This study describes the epidemiological trends of
prostate cancer across different time periods, geographic
locations, and population groups. Furthermore, we inves-
tigate the relationship between the estimated annual per-
centage change (EAPC) in prostate cancer burden and
the Sociodemographic Index (SDI). By integrating SDI
with the APC model, we analyze the changes in prostate
cancer disease burden based on SDI across three lev-
els: age, period, and birth cohort. Lastly, we employ the
BAPC model to forecast the global trends in prostate
cancer disease burden from 2021 to 2040.

Methods

Data source

The Global Burden of Disease (GBD) 2021 study com-
prehensively assessed health losses attributable to 371
diseases, injuries, and conditions, as well as 88 risk fac-
tors across 204 countries and regions, using the latest
epidemiological data. For this study, we extracted data on
the incidence, mortality, and disability-adjusted life years
(DALYs) for prostate cancer from the publicly accessible
GBD 2021 dataset. These data include global, continen-
tal, and national estimates. As prostate cancer is more
prevalent among middle-aged and older men, this study
selected men aged 40 and above as the study population
and applied direct standardization to age-standardize the
disease burden for this group. Age-standardized rates
help eliminate the influence of age structure differences,
making it suitable for fair comparisons between coun-
tries, regions, and populations. The study adheres to the
Guidelines for Accurate and Transparent Health Esti-
mates Reporting.
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Epidemiological trends and annual percentage change

We analyzed the relationship between the burden of
prostate cancer and the Sociodemographic Index (SDI)
in each region to explore the association between dis-
ease burden and societal development. We calculated
the estimated annual percentage change (EAPC) for the
age-standardized incidence, mortality, and DALY rates
of prostate cancer corresponding to different SDI values,
and conducted a spearman correlation analysis between
EAPC and SDIL.

Age-Period-Cohort (APC) model analysis

The Age-Period-Cohort (APC) model is widely regarded
as an advanced method that goes beyond traditional
analyses in health and social sciences, helping to reveal
the contributions of historical technological innovations,
social changes, and health behaviors related to early life
to disease trends [11, 12].

In APC model analysis, age groups are typically defined
in 5-year intervals, corresponding to 5-year periods.
Therefore, this study incorporated data from the 2021
Global Burden of Disease (GBD) database, covering the
incidence, mortality, and DALY rates of prostate cancer
among men aged 40 and above over the past 30 years
(1992-2021), along with corresponding regional popula-
tion data. The study population was divided into twelve
age groups for further assessment: 40—44, 45—49, 50-54,
and so on, up to 90-94 and 95+. The time periods from
1992 to 2021 were then categorized into six 5-year inter-
vals: 1992-1996, 1997-2001, 2002-2006, 2007-2011,
2012-2016, and 2017-2021. Additionally, we analyzed
seventeen overlapping 10-year birth cohorts, ranging
from 1892 to 1901 to 1972-1981. For the three indica-
tors—incidence, mortality, and DALY rates—each anal-
ysis included six regions: High SDI, High-middle SDI,
Middle SDI, Low-middle SDI, Low SDI, and Global.

For example, in global incidence, the APC model esti-
mates the overall time trend as well as the trends within
specific age groups. The former is represented by the
annual percentage change in incidence, referred to as net
drift (annual percentage change), which is determined
by both calendar time and continuous birth cohorts; the
latter represents the annual incidence change by age,
referred to as local drift (annual percentage change).
Even slight changes in drift (annual percentage) can sig-
nificantly alter the fitting rate over a 30-year period. The
significance of annual percentage change trends was
assessed using the Wald x2 test. In the APC model, the
age effect is described by age-specific incidence rates that
are consistent with birth cohorts, while the period/cohort
effect is represented by the relative risk of incidence asso-
ciated with the period/cohort, calculated by comparing
the age-specific incidence rates of each period/cohort
with those of the reference period/cohort. The choice
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of the reference period/cohort is arbitrary and does not
affect the interpretation of the results. All analyses and
visualizations were performed using R (V.4.2.1).

Bayesian Age-Period-Cohort (BAPC) model prediction

This study employs the Bayesian Age-Period-Cohort
(BAPC) model, which integrates nested Laplace approxi-
mations, to forecast the global prostate cancer disease
burden (including incidence, mortality, DALY rates, and
corresponding case numbers) from 2022 to 2040 [13].

Results

Epidemiological changes in prostate Cancer

From 1990 to 2021, the absolute number of prostate
cancer cases, mortality, and disability-adjusted life years
(DALYs) has shown a steady increase (Fig. 1A-C). How-
ever, the age-standardized rates for these indicators gen-
erally exhibited an initial rise followed by a subsequent
decline. By 2021, both the age-standardized mortality
rate and DALY rate for prostate cancer were significantly
lower than in 1990, while the age-standardized incidence
rate (ASIR) remained higher than its 1990 level (Fig. 1D-
F) (Supplementary Table S1). In 2021, the global ASIR of
prostate cancer was 15.37 per 100,000, an increase from
13.69 per 100,000 in 1990. However, both the age-stan-
dardized mortality rate (5.26 per 100,000) and the DALYs
rate (95.94 per 100,000) showed a marked decrease com-
pared to the 1990 rates of 6.33 per 100,000 and 113.81
per 100,000, respectively (Table 1).

Age trends in prostate Cancer

The incidence, mortality, and DALY rates of prostate can-
cer all increase with age. In 2021, mortality and DALY
rates for all age groups were lower compared to 1990
(Fig. 2B-C). However, the incidence rate of prostate can-
cer in 2021 was higher than in 1990 for age groups under
75 years old (Fig. 2A) (Supplementary Table S2).

Geographical trends in prostate Cancer
Prostate cancer burden shows significant geographic
variation.

In 2021, the highest age-standardized incidence rates
(ASIR) were observed in High-income North Amer-
ica and Australasia among the 21 GBD regions, with
High-income North America (304.23/100,000; 95%
CI: 279.47-326.35) and Australasia (292.27/100,000;
95% CI: 220.36-380.77). Although the incidence rates
in these regions remain high, they have decreased by
22% and 11%, respectively, compared to 1990. In con-
trast, the ASIR in all other regions showed an upward
trend, with the highest increases observed in Eastern
Europe (154%) and North Africa and the Middle East
(121%). The regions with the lowest ASIR were South
Asia (20.68/100,000; 95% CI: 17.83-32.24) and East
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Asia (29.31/100,000; 95% CI: 20.74-39.13) (Fig. 3A). At
the country and territory level, the highest ASIR were
observed in Bermuda (584.98; 95% CI: 405.13-828.26)
and Antigua and Barbuda (506.14; 95% CI: 370.72-
668.21). The lowest rates were found in the Republic of
Tajikistan (14.66; 95% CI: 8.54—-24.91) and Mongolia
(17.84;5 95% CI: 11.1-26.95). The countries with the high-
est EAPC (estimated annual percentage change) were
Georgia (4.353; 95% CI: 3.594—5.118) and the Republic of
Korea (4.352; 95% CI: 3.741-4.967) (Fig. 4A). Canada and
the Republic of Tajikistan had the lowest EAPC, at -2.217
(95% CIL: -2.573, -1.859) and -1.310 (95% CIL: -1.492,
-1.128), respectively (Fig. 4B).

Regarding age-standardized mortality rates (ASMR), in
2021, the highest rates were found in Southern Sub-Saha-
ran Africa (132.06/100,000; 95% CI: 91.28-161.54) and
Western Sub-Saharan Africa (115.14/100,000; 95% CI:
58.97-154.33). Both of these regions saw an increase in
ASMR rates by 26% compared to 1990, following Eastern
Europe’s 51% and Southeast Asia’s 27%. The regions with
the lowest ASMR were still East Asia (15.04/100,000; 95%
CI: 10.73-20.32) and South Asia (18.00/100,000; 95% CI:
14.22-25.73). The fastest declines in mortality rates were
seen in Australasia and High-income North America,
with decreases of 51% and 45%, respectively (Fig. 3B).
Among the countries, Grenada and Saint Kitts and Nevis
had the highest ASIRs, at 280.29 (95% CI: 220.3-349.97)
and 280.2 (95% CI: 210.81-363.41), respectively. The low-
est ASIRs were found in the People’s Democratic Repub-
lic of Algeria (8.61; 95% CI: 4.6-13.95) and the Republic
of Tajikistan (11.09; 95% CI: 6.54—19.25) (Fig. 4C). The
countries with the highest ASIR EAPC were Georgia
(4.102; 95% CI: 3.204-5.009) and the Arab Republic of

Egypt (2.585; 95% CI: 2.240-2.932). The lowest ASIR
EAPCs were observed in Canada (-3.147; 95% CI: -3.373,
-2.921) and Australia (-2.897; 95% CI: -3.280, -2.513)
(Fig. 4D).

In 2021, the highest age-standardized DALY rates were
found in Southern Sub-Saharan Africa (2305.79/100,000;
95% CI: 1628.21-2843.45) and the Caribbean
(2026.32/100,000; 95% CI: 1668.43-2447.11). Southern
Sub-Saharan Africa’s age-standardized DALYs increased
by 29%, second only to Eastern Europe’s 54%. The regions
with the lowest age-standardized DALY rates were still
East Asia (235.13/100,000; 95% CI: 168.83-319.68) and
South Asia (310.90/100,000; 95% CI: 246.61-442.17). The
fastest declines in DALY rates were observed in Austral-
asia and High-income North America, with decreases
of 50% and 43%, respectively (Fig. 3C). Interestingly, the
highest age-standardized DALYs were found in Georgia
(4596.17; 95% CI: 3593.57-5754.12) and the Arab Repub-
lic of Egypt (4523.25; 95% CI: 3331.66-5961.62), while
the lowest were in the People’s Democratic Republic of
Algeria (137.91; 95% CI: 76.68-220.68) and the Social-
ist Republic of Vietnam (191.51; 95% CI: 93.37-308.27)
(Fig. 4E). Regarding EAPC, the highest were observed in
Georgia (3.982; 95% CI: 3.183-4.788) and Zambia (2.578;
95% CI: 2.228-2.928); the lowest were again in Canada
(-3.275; 95% CI: -3.552, -2.998) and Australia (-2.802;
95% CI: -3.263, -2.339) (Fig. 4F) (Table 1) (Supplementary
Table S3).

The regions were classified according to the Socio-
Demographic Index (SDI), and a correlation analysis
was conducted between the estimated annual percent-
age change (EAPC) of age-standardized incidence rates,
mortality rates, and DALY rates. The results showed that
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Table 1 Global burden of prostate cancer in 1990 and 2021
Location 1990 1990 1990 2021 2021 2021
age- standardized age- standardized age- standardized age- standardized age- standardized age- standard-
incidence rate (95% mortality rate DALYs rate (95% incidence rate mortality rate ized DALYs
(V])] (95% UI) (V])] (95% UI) (95% UI) rate (95% UlI)
Global 13.69 6.33 113.81 15.37 5.26 95.94
(12.95-14.18) (5.81-6.68) (103.92-120.75) (14.13-16.25) (4.64-5.64) (84.62-103.71)
Andean Latin 12.36 10.64 17841 19.73 10.14 173.29
America (10.05-15.29) (8.79-13) (144.71-221.43) (14.38-27.08) (7.54-13.47) (127.84-232.9)
Australasia 45.72 15.29 290.72 46.22 8.6 161.8
(41.65-48.83) (13.88-16.15) (264.67-308.31) (39.03-54.5) (7.31-9.86) (136.7-188.2)
Caribbean 2848 16.11 279.02 43.08 17.03 31036
(26.32-31.53) (14.83-18.08) (257.36-314.91) (36.88-49.62) (14.68-19.85) (265.37-364.87)
Central Asia 4.08 291 62.34 6.08 349 70.94
(3.8-4.33) (2.71-3.1) (58.27-66.27) (5.49-6.73) (3.18-3.84) (64.26-78.44)
Central Europe 9.7 6.58 122.81 20.38 8.13 154.2
(9.19-10.27) (6.24-7.01) (116.51-130.06) (18.49-22.4) (7.44-8.78) (139.8-167.22)
Central Latin 17.19 9.17 161.57 29.51 8.59 160.68
America (16.3-17.89) (8.6-9.55) (153.65-168.18) (25.44-33.84) (7.49-9.68) (139.21-183.77)
Central Sub- 9.96 10.71 182.87 11.18 10.51 186.63
Saharan Africa (6.49-13.44) (6.91-14.73) (119.47-246.03) (6.83-15.41) (6.31-14.59) (112.46-256.04)
East Asia 2.1 1.85 31.96 446 2.04 34.81
(1.6-2.67) (1.43-2.45) (23.97-40.54) (3.3-5.93) (1.55-2.71) (26.31-46.61)
Eastern Europe 7.2 34 75.04 20.73 6.04 132.07
(6.82-7.54) (3.21-3.54) (70.78-78.74) (18.57-22.74) (5.43-6.69) (117.75-147.8)
Eastern Sub- 8.88 897 168.51 10.28 892 170.85
Saharan Africa (5.39-11.3) (5.46-11.38) (101.48-214.68) (6.65-12.89) (5.81-11.25) (109.53-217.87)
High-income Asia 5.6 2.61 46.42 12.67 3.04 54.95
Pacific (5.23-5.92) (2.43-2.75) (43.86-49.08) (11.14-14.04) (2.73-3.26) (49.39-59.59)
High-income 5444 11.04 229.69 47.02 6.89 14547
North America (52.21-56.17) (10.37-11.46) (216.39-243.55) (44.47-49.04) (6.22-7.28) (133.31-157.2)
North Africaand ~ 5.99 431 7349 13.64 4.95 86.04
Middle East (4.47-7.57) (3.18-5.55) (54.94-92.85) (9.6-16.61) (3.49-6) (61.03-103.68)
Oceania 9.76 9.26 157.45 12.31 10.71 182.26
(6.8-13.3) (6.35-12.75) (108.38-216.43) (7.98-17.2) (6.8-15.1) (115.59-257.96)
South Asia 2.64 2.64 47.71 3.6 279 49.52
(1.86-3.25) (1.89-3.29) (33.62-58.55) (2.96-4.94) (2.3-3.81) (40.39-67.98)
Southeast Asia 414 3.66 65.82 727 454 8297
(2.89-4.86) (2.58-4.34) (45.76-77.34) (4.78-9) (2.96-5.57) (54.53-100.89)
Southern Latin 13.84 10.71 193.07 18.75 9.18 164.37
America (12.35-15.42) (9.66-11.9) (174.61-215.03) (16.04-21.7) (791-1041) (141.57-188.86)
Southern Sub- 14.53 13.34 240.11 20.77 15.65 293.94
Saharan Africa (10.53-19.28) (9.83-17.55) (174.65-319.46) (15.38-24.47) (11.28-18.31) (214.73-345.64)
Tropical Latin 12.79 933 167.74 17.92 89 1614
America (12-13.42) (8.73-9.8) (158.29-175.13) (16.69-19) (8.17-9.47) (150.26-171.63)
Western Europe 23.84 10.28 1873 3337 747 139.37
(22.73-24.77) (9.74-10.71) (178.78-195.14) (30.4-35.82) (6.68-8.04) (125.92-151.62)
Western Sub- 13.55 13.88 247.37 194 17.93 303.04
Saharan Africa (7.92-17.67) (8.14-18.07) (143.09-324.38) (10.16-25.81) (9.48-23.46) (160.87-403.38)

Ul: Uncertainty interval; DALYs: Disability-adjusted life-years; The age-standardized incidence rate, age-standardized mortality rate, age-standardized DALYs rate
are shown per 100,000 person-years

the EAPC of age-standardized incidence rates had no
correlation with SDI (Fig. 5A), while the EAPC of mortal-
ity rates and DALY rates showed a negative correlation
with SDI (p<0.01) (Fig. 5B-C) (Supplementary Table S3).

Age-Period-Cohort (APC) model analysis

At the age level, except for the High-middle SDI regions,
the incidence rates in other regions showed an upward
trend followed by a decline with increasing age. Among
these, the incidence rates in the High SDI regions were
significantly higher than in other regions at all ages. As
for mortality, except in the High-middle SDI regions
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Fig. 2 Prostate Cancer Rates in 1990 and 2021 by Age Group: (A) Incidence rate, (B) Mortality rate, (C) DALY rate

where mortality continued to rise with age, both the High
SDI and Low SDI regions showed an initial increase in
mortality with age, followed by a decrease in the popu-
lation aged 95 and older. In contrast, mortality in the
remaining regions—Global, Middle SDI, and Low-middle
SDI—continued to rise with age, leveling off after age 95.
Regarding DALY rates, except for the High-middle SDI
regions where the rate continuously increased with age,
all other regions showed an increase in DALY rates with
age, followed by a decrease in the population aged 95 and
older (Fig. 6A-C) (Supplementary Tables S4-S6).

At the period level, the incidence of prostate cancer in
the Global, High SDI, and High-middle SDI regions ini-
tially increased and then declined. The key difference was
that the peak incidence in the High SDI regions occurred
in the 2002-2006 period, while the peak in the High-
middle SDI regions was in the 2007-2011 period, and the
Global region remained near its peak from 2002 to 2011.
The incidence in the remaining regions continued to
rise. As for mortality, only the Low-middle SDI and Low
SDI regions showed an overall increasing trend, while all
other regions exhibited an overall downward trend, with
the High SDI regions showing the fastest decline and the
Middle SDI regions the slowest. DALY rates followed a
trend similar to that of mortality (Fig. 6D-F) (Supplemen-
tary Tables S7-S9).

At the birth cohort level, the incidence rates in the
Low-middle SDI and Low SDI regions showed a consis-
tent upward trend, with the increase being faster in the
Low-middle SDI regions. In contrast, the incidence in
other regions exhibited an initial decline followed by an
increase. Regarding mortality, except for the Low-middle
SDI and Low SDI regions where an overall increase was
observed, all other regions showed a general decline,
with the High SDI regions decreasing the most rapidly.

Similarly, DALY rates exhibited trends similar to those of
mortality (Fig. 6G-I) (Supplementary Tables S10-S12).

Global prostate Cancer burden prediction to 2040
It is predicted that from 2021 onwards, the total num-
ber of prostate cancer cases globally will continue the
increasing trend observed from 1990 to 2021, reach-
ing 2,408,776.03 cases by 2040 (95% UI: 1,929,826.28-
2,887,725.80) (Fig. 7A). Similarly, the number of
prostate cancer mortality and DALYs will also continue
to increase, reaching 579,684.54 mortality (95% UL
525,380.27-633,988.81) and 11,136,530.21 DALYs (95%
UI: 9,982,972.82-12,290,087.60) by 2040 (Fig. 7B-C).
Regarding age-standardized rates, interestingly,
although the incidence of prostate cancer has shown
a slow overall decline over the past decade, predic-
tive analysis indicates that it will exhibit a rapid upward
trend after 2021 (Fig. 7D). In contrast, mortality and
DALY rates will generally continue the downward trend
observed over the past 30 years (Fig. 7E-F) (Supplemen-
tary Table S13).

Discussion

In 2022, there were 1.5 million new cases and 397,000
mortality from prostate cancer globally [2]. Although
the global incidence rate, mortality rate, and DALY rate
of prostate cancer have shown a declining trend in recent
years, the number of new cases, deaths, and DALYs con-
tinues to rise due to global population growth and aging
[8]. Moreover, it is foreseeable that these numbers will
continue to increase in the future. Additionally, predic-
tions based on the BAPC model indicate that from 2021
to 2040, the global prostate cancer incidence will rise
counter to the general trend. Moreover, there are signifi-
cant differences in the disease burden of prostate cancer
across different regions and populations [14], all of which
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Fig. 3 Age-standardized rates of prostate cancer by region in 1990 and 2021: (A) Incidence, (B) Mortality, (C) DALYs

present challenges for reducing the burden of this dis-  of prostate cancer, aiming to provide theoretical support
ease. Therefore, this study utilized the most recent 2021  for mitigating this major public health burden.

global, regional, and national data from the Global Bur- The positive correlation between prostate cancer inci-
den of Disease (GBD) study to analyze the disease burden  dence and age has been confirmed by numerous studies
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[15, 16], and our study is no exception. Additionally, we
found significant improvements in the disease burden
of prostate cancer in 2021 compared to 1990, in terms
of incidence, mortality, and DALYs. The only exception
was in men younger than 75, where the prostate cancer
incidence in 2021 was higher than in 1990. This may be
related to the fact that recent guidelines have recom-
mended initiating prostate cancer screening at age 55
or even earlier [17-19], which could also explain why
prostate cancer incidence is expected to continue ris-
ing in the future. While the necessity of early prostate

cancer screening remains a subject of debate in the aca-
demic community [20, 21], it is unclear at this point how
the increased incidence in these populations will impact
mortality and DALY rates.

In 2021, high-income regions such as North America
and Australia had the highest age-standardized prostate
cancer incidence rates, although these rates have signifi-
cantly decreased compared to 1990. In contrast, regions
such as sub-Saharan Africa, Western and Caribbean
countries exhibited the highest ASMR and DALY rates
for prostate cancer, and these trends continue to rise. It
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is widely believed that the widespread introduction of
PSA screening in developed countries in the late 1980s is
the primary cause of the sharp increase in prostate can-
cer incidence in the following decade [22]. This was fol-
lowed by innovations in treatment modalities, such as
radical prostatectomy [23], radiotherapy [24], and andro-
gen deprivation therapy [25], which significantly reduced
age-standardized mortality and DALY rates in high-
income regions. This also explains why the estimated
annual percentage change (EAPC) in age-standardized
prostate cancer mortality and DALY rates is negatively
correlated with the Socio-Demographic Index (SDI). Of
course, low-income countries lag far behind high-income
countries in terms of the timing and coverage of prostate
cancer screening and treatment methods [26, 27]. Fur-
thermore, the higher susceptibility of Black populations
to prostate cancer is one of the contributing factors to
the heavier disease burden in underdeveloped regions of
Africa [28, 29].

In the Age-Period-Cohort (APC) model analysis, at the
age level, the incidence rate of prostate cancer in High
SDI regions is significantly higher across all age groups
compared to other regions, while mortality and DALY
rates do not show such a pattern. This could be attributed
to the widespread implementation of prostate cancer
screening in these regions at an early stage.

At the period level, the incidence of prostate cancer in
High SDI regions steadily increased between 1992 and
2001. However, from 2002 to 2006, it began to decline,
with a more rapid decrease observed between 2007 and
2011. This change may partly be due to the US Preven-
tive Services Task Force (USPSTF) recommendation in
2008 against PSA screening for men aged 75 and older
[30], and in 2012, a broader recommendation against
PSA screening for all age groups due to concerns about
over-diagnosis and benefit-to-harm ratios [31]. Follow-
ing these updates, the willingness of both doctors and the
general population in Canada and Australia to conduct
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PSA tests also declined gradually [32, 33]. Whether
similar trends in High-middle SDI and Global regions
are also due to similar reasons remains unclear. In con-
trast, the incidence of prostate cancer in Middle SDI and
lower SDI regions has steadily increased over time, which
may be due to the more recent introduction and gradual
widespread adoption of PSA screening. Regarding mor-
tality and DALYs, the trends in Low-middle SDI and
Low SDI regions show a continuous increase over time,
while other regions exhibit a general decline. The rate of
decline is roughly positively correlated with SDI, which
aligns with our hypothesis—that regions with higher SDI
provide more adequate treatment for prostate cancer,
resulting in lower mortality and DALYs.

As for the cohort analysis, the trends in mortality
and DALYs across different birth cohorts are similar to
those observed across periods. This can be attributed
to the gradual spread of prostate cancer screening in
Low-middle SDI and Low SDI regions, combined with
increasing life expectancy. These regions are experienc-
ing a gradual increase in prostate cancer incidence. How-
ever, the development of treatment conditions is much
slower, leading to higher mortality and DALYs in younger
birth cohorts. As for incidence, Low-middle SDI and
Low SDI regions continue to see increases across birth
cohorts, whereas other regions exhibit a trend of initial
decline followed by an increase. Interestingly, we found
that in these regions, the higher the SDI, the faster the
incidence decline in earlier birth cohorts and the slower
the increase in later cohorts. We hypothesize that higher
SDI regions implemented early prostate cancer screening
earlier, leading to a rapid decline in incidence in earlier

cohorts as a result of detecting many prostate cancer
cases in the short term. This explains the subsequent slow
recovery in the incidence rate in later birth cohorts. The
gradual increase in prostate cancer incidence in Low-
middle SDI and Low SDI regions across birth cohorts
may reflect the delayed implementation of screening in
these regions compared to High SDI areas.

Compared with existing studies on the global disease
burden of prostate cancer, this study has the follow-
ing advantages. First, it is the first to select men aged
40 and above as the study population and to apply age-
standardization. This approach helps eliminate biases
caused by differences in age structure across countries
or regions. In addition, this study is the first to use the
Age-Period-Cohort (APC) model in conjunction with
the Socio-Demographic Index (SDI) for stratified analy-
sis. The disease burden of prostate cancer was analyzed
from four perspectives: age, period, cohort, and SDI. This
multi-dimensional approach provides a more compre-
hensive representation of the findings. Finally, the study
also predicts the trends of prostate cancer disease burden
from 2022 to 2040, offering public health policymakers a
degree of foresight regarding future developments.

Nevertheless, this study has limitations. First, the
healthcare levels in some underdeveloped countries may
lead to misdiagnosis and missed diagnoses, resulting in
an underestimation of DALYs. Second, the GBD col-
laborators used extensive statistical modeling methods,
especially at the national level, with the data heavily reli-
ant on modeling due to a lack of original data. Third, the
absence of sub-national data limits the ability to study
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disease trends at a sub-national level. Finally, the lag in
GBD data is also a concern.

Prostate cancer is a major public health issue world-
wide, but the differences between regions and popu-
lations are significant. Applying the same healthcare
policies universally may not be effective. Despite notable
achievements in reducing the disease burden from 1990
to 2021, there is still a long way to go to achieve low dis-
ease burdens globally. Addressing the prostate cancer
burden requires comprehensive intervention measures,
prioritizing high-risk groups. High-income regions such
as North America and Australasia should continue to
invest in prostate cancer diagnosis and treatment to
reduce the disease burden to levels appropriate for their
level of societal development. Conversely, Sub-Saharan
Africa, Western Africa, and the Caribbean need to vig-
orously promote prostate cancer screening and treatment
to curb the rising disease burden. Targeted diagnostic and
treatment plans should be developed for different popu-
lations. The balance between the economic and health
benefits of early PSA screening requires further research
to provide stronger evidence for its effectiveness.
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