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Background and aim: This study aims to analyze the worldwide prevalence,
mortality rates, and disability-adjusted life years (DALYs) attributed to breast
cancer in women between 1990 and 2019. Additionally, it seeks to forecast the
future trends of these indicators related to the burden of breast cancer in women
from 2020 to 2030.

Methods: Data from the Global Burden of Disease Study (GBD) 2019 was
analyzed to determine the age-standardized incidence rate (ASIR) and age-
standardized death rate (ASDR) of DALYs due to breast cancer in women
across 204 countries and territories from 1990 to 2019. Socio-economic
development levels of countries and regions were assessed using Socio-
demographic Indexes, and trends in the burden of breast cancer in women
worldwide from 2020 to 2030 were projected using generalized additive
models (GAMs).

Results: The estimated annual percentage change (EAPC) in the ASIR breast
cancer in women globally was 0.36 from 1990 to 2019 and is expected to
increase to 0.44 from 2020 to 2030. In 2019, the ASIR of breast cancer in women
worldwide was 45.86 and is projected to reach 48.09 by 2030. The burden of
breast cancer in women generally rises with age, with the highest burden
expected in the 45-49 age group from 2020 to 2030. The fastest increase in
burden is anticipated in Central sub-Saharan Africa (EAPC in the age-
standardized death rate: 1.62, EAPC in the age-standardized DALY rate: 1.52),
with the Solomon Islands (EAPC in the ASIR: 7.25) and China (EAPC in the ASIR:
2.83) projected to experience significant increases. Furthermore, a strong
positive correlation was found between the ASIR breast cancer in women
globally in 1990 and the projected rates for 2030 (r = 0.62).

Conclusion: The anticipated increase in the ASIR of breast cancer in women

globally by 2030 highlights the importance of focusing on women aged 45-49 in
Central sub-Saharan Africa, Oceania, the Solomon Islands, and China.
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Initiatives such as breast cancer information registries, raising awareness of risk
factors and incidence, and implementing universal screening programs and
diagnostic tests are essential in reducing the burden of breast cancer and its
associated morbidity and mortality.
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models, age-standardized disability-adjusted life year (DALY) rate, age-standardized
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1 Introduction

Breast cancer is the leading cause of cancer-related deaths and the
most prevalent cancer among women globally, presenting a
significant public-health challenge (1, 2). According to the World
Health Organization, there were around 2.26 million new cases of
breast cancer in 2020, making it the most common cancer worldwide
(3). Additionally, breast cancer incidence and mortality are on the
rise across various socio-economic levels, which is a major concern.
In comparison to low-income countries, high-income countries have
higher incidence rates but lower mortality rates from breast cancer
(4).Disparities in breast cancer mortality rates across countries can be
attributed to factors such as improved control of risk factors in high-
income nations, access to educational resources, increased adherence
to screening and surveillance programs for early disease detection.
Furthermore, high-income countries typically have better access to
basic health services and a greater number of public cancer centers
providing advanced diagnosis and treatment options. Future efforts
to address the burden of breast cancer include screening for risk
factors, monitoring global data, promoting early detection, offering
health guidance, and implementing enhanced interventions and
treatments to reduce disease risk (5, 6).

The burden of breast cancer is higher in high-income countries
due to lifestyle factors and large populations (7). On the other hand,
changing reproductive patterns, lack of awareness, delayed
diagnosis, and treatment worsen the burden in middle- and low-
income countries (1, 8). Furthermore,. Particularly worrisome is the
burden of breast cancer in women aged 15-49, as this age group has
been less studied and their health impacts not only their own lives
but also those of their families and society at large (9).

Given the significant impact of breast cancer on countries globally,
it is crucial to forecast future burdens to enhance the allocation of
public health resources and early interventions for prevention and
control in high-burden countries (10-13). However, literature lacks
comprehensive projections of breast cancer burdens worldwide (14).
Therefore, this study aimed to refine projections from 2020 to 2030
using data from the Global Burden of Disease Study (GBD)2019. By
employing generalized additive models (GAM:s), we integrated linear
predictability and non-linear trends to project the burden of breast
cancer in women globally. These findings can assist in identifying
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high-risk groups and developing targeted prevention and intervention
strategies, ultimately contributing to global health efforts in combating
breast cancer among women.

2 Materials and methods
2.1 Data source

The GBD is a comprehensive global epidemiology program that
involves collaboration among over 3,600 experts from 145 countries.
It assesses the impact of diseases, injuries, and risk factors worldwide,
at both regional and national levels (15, 16). By analyzing a vast
amount of published literature, surveys, and epidemiological data, the
GBD offers detailed insights into the incidence, prevalence, mortality,
and Disability-Adjusted Life Years (DALYs) related to over 350
diseases in 204 countries and territories. Its annual updates reflect
the changing landscape of global health and help in forecasting future
health service needs (17, 18).

One of the key factors in our study was the Socio-demographic
Index (SDI), a comprehensive measure that evaluates the social and
economic development of a region or country based on per capita
income, average years of schooling, and fertility rates. The SDI
enables the classification of countries and regions into different
categories: low-SDI (0-0.45), low-medium-SDI (0.45-0.60),
medium-SDI (0.60-0.68), high-SDI (0.68-0.80), and very-high-
SDI (0.80-1). This classification system offers a detailed insight
into the socio-economic status of a country or region, with low-SDI
areas characterized by lower income and education levels, as well as
higher fertility rates, while very-high-SDI regions exhibit higher
income and educationlevels, along with lower fertility rates (19).

We utilized the coding system of the 9th and 10th revisions of
the International Classification of Diseases (ICDs) to ensure that
only confirmed cases breast cancer were included. In ICD-9, the
codes for breast cancer range from 174 to 175.9, 217 to 217.8, 233.0,
238.3, 239.3, and 610 to 610.9. In ICD-10, they are categorized as
C50 to C50.9, D05 to D05.9, D24 to D24.9, D48.6, and D49.3. These
codes were meticulously cross-referenced with the list of causes in
the GBD 2019, ensuring our data analysis was both comprehensive
and specific.
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2.2 Statistical analysis

A comprehensive statistical analysis was conducted to project
trends in the incidence, mortality, and DALYs related to breast
cancer in women globally from 2020 to 2030. Initially, a logarithmic
model was applied using population data from 2009 to 2019 for
each country to estimate population changes.

In(pnum) = a x year +b

where “pnum” is the population size; a is the coefficient of the year,
which is the calendar year; and b is the intercept. We utilized GAMs to
forecast the number of women affected by breast cancer mortality, as
well as the DALYs attributed to breast cancer, on a global scale from
2020 to 2030. GAMs offer the advantage of incorporating non-linear
relationships of predictor variables, making them more advanced
compared to conventional linear models. The specific definition of
the GAM used in our analysis was as follows:

In(number) = s[In(pnum)] + s(c) + s(year) + s(e) + r

where “number” is the number of cases breast cancer in women,
the number of deaths from breast cancer in women, or the number
of DALYs due to breast cancer in women; “pnum” is the population
size; ¢ is the median age in each age group of women; “year” is the
calendar year; e is the difference between the calendar year and the
mid-value of the age group of women; s is a smoothing spline
function essential for capturing the nuanced complexities within the
data; and r is the intercept (20).

The bootstrap method was utilized to calculate projections and
their 95% confidence intervals (CIs). This approach helped ensure
the precision and reliability of the projections, which was essential
for evaluating their variability and accuracy.

Temporal trends were assessed by calculating age-standardized
rates of breast cancer in women and estimating the annual
percentage changes (EAPCs) in these rates. The EAPC and 95%
CIs of each parameter were analyzed to identify any increasing,
decreasing, or stable trends (21-23).

Scatter plots were utilized to illustrate the relationships between age-
standardized incidence rate (ASIRs) and age-standardized death rate
(ASDRs) of age-standardized DALY rates attributed to breast cancer in
women across different SDI quintiles. This visual examination offered
valuable insights into the associations between demographic variables
and the burden of breast cancer in women. The statistical analysis was
conducted using R software (version 3.6.1). A significance level of P<
0.05 was considered to indicate statistically significant differences,
thereby enhancing the strength and credibility of our results.

3 Results

3.1 Projected trends in the global burden
of breast cancer in women from 2020
to 2030

The global burden of breast cancer in women is expected to rise
significantly from 2020 to 2030, surpassing the increase observed
from 1990 to 2019(Table 1; Figure 1). Specifically, there is a
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projected notable increase in the ASIRof breast cancer in women,
with the EAPC rising from 0.36 (95% CI: 0.25, 0.47) in 1990-2019
to 0.44 (95% CI: 0.40, 1.39) in 2020-2030 (Table 1; Figure 1). This
translates to an increase from 45.86 (95% uncertainty interval [UI]:
41.91, 49.76) cases per 100,000 women in 2019 to 48.09 (95% UL
38.55, 57.89) cases per 100,000 women in 2030 (Table 2; Figure 2).
However, the projected increases in the age-standardized DALY
rate and ASDR due to breast cancer in women are expected to be
less pronounced (EAPC: 0.01 [95% CI:0.01, 0.61] and EAPC: -0.15,
[95% CI: -0.65, -0.17], respectively) (Table 2; Figure 2). In contrast,
when considering the baseline burden of breast cancer in women
globally, the age-standardized DALY rate is anticipated to decrease
from 473.83 (95% UI: 437.30, 510.51) in 2019 to 474.28 (95% UL
405.49, 545.70) in 2030 per 100,000 women, and the ASDR is
projected to decrease from 15.88 (95% UL 14.66, 17.07) in 2019 to
15.62 (95% UT: 13.63, 17.89) in 2030 per 100,000 women, indicating
a slightly negative trend (Supplementary Table 4; Figure 2).

The burden of breast cancer in women is expected to vary
significantly based on regions’ SDI levels. For instance, between
2020 and 2030, the ASIR of breast cancer in women is projected to
decrease in high-SDI regions (EAPC: -0.43, [95% CI: -3.22, -0.47])
(Table 1). On the other hand, the age-standardized DALY rate and
ASDR due to breast cancer in women are expected to decrease in both
high-SDI regions (EAPC: -0.53, [95% CI: -0.79, -0.18] and EAPC:
-0.58, [95% CI: -0.73, -0.36], respectively) and high-middle-SDI
regions (EAPC: -0.51, [95% CI: -1.46, -0.56] and EAPC: -0.66,
[95% CI: -1.30, -0.73], respectively) as shown in Table 1 and Figure 3.

3.2 Projected trends in and distributions of
the burden of breast cancer in women
worldwide by age from 2020 to 2030

The age distribution of the disease burden breast cancer in women
worldwide is expected to vary significantly from 2020 to 2030. The
ASIRs of breast cancer in women globally are projected to show a
notable increase with age from 1990 to 2030. Over this timeframe, the
incidence rate of breast cancer in women is anticipated to generally rise
with age. Specifically, between 2020 and 2030, the incidence rate is
forecasted to increase across most age groups, with the most significant
rise seen in those aged 45-49, going from 80.94 (95% UL: 77.72, 84.44)
in 1990 to 98.41 (95% UI: 79.55, 118.10) in 2030 per 100,000 (Figure 4).
However, in high-SDI regions, the incidence rate of breast cancer in
women aged 40-49 is projected to decline. A similar trend is expected
for death rates and DALY rates due to cancer in women. Specifically,
between 2020 and 2030, the death rate and the DALY rate are
anticipated to increase in high-SDI and high-middle-SDI regions,
particularly the death rate in those aged 40-49 and the DALY rate in
those aged 45-49. Overall, the projected increase in the burden of
breast cancer in those aged 40-49 is closely linked to the regions’ SDI
levels (Supplementary Tables 2 and 3; Supplementary Figures 2 and 3).

In 2030, the burden of breast cancer in women is expected to
rise with age, reaching its peak in the 45-49 age group. This peak
will be characterized by an incidence rate of 98.41, a death rate of
23.88, and a DALY rate of 1064.40 per 100,000 individuals
(Supplementary Tables 1 and 3; Supplementary Figure 4).
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TABLE 1 The EAPC of breast cancer in women from 1990 to 2019 in different regions.

1990-2019 2020-2030
No.(95% N ° ° °
. 0.(95% No.(95% No.(95%
location NO(95%CI) C|) CI) ° N0(95%C|) CI) o Cl) o
Age-standardized DALY Age-standardized DALY
9 ASDR ASIR 9 ASDR ASIR
rate (per 100000) rate (per 100000)
051 0.36 0.15 0.44
Global -0.50 (-0.58, -0.44) (-0.61, ’ 0.01 (-0.70, 0.61) ‘ :
(0.25, 0.47) (-0.65,0.45)  (-0.78, 1.39)
-0.44)
Sociodemographic index - - - - - -
131 0.12 058 0.43
High SDI -1.41 (-1.49, -1.32 -1.40, : -0.53 (-0.79, -0.1 -0.73, s
igh S (-1.49, -1.32) (-1.40. (:0.25, 002) 0.53 (-0.79, -0.18) (-0.73 (322, 162)
-1.23) -0.36)
079 0.74 0.66 0.54
High-middle SDI -0.96 (-1.06, -0.86) (-0.91, ’ -0.51 (-1.46, 0.43) ) '
(0.57, 0.90) (-1.30,026)  (-1.13, 1.75)
-0.69)
0.20 1.87 0.12 1.83
Middle SDI 0.13 (0.08, 0.16 0.16 (-1.17, 1.03
iddle $ ( ) (0.15,023) | (1.78, 1.94) ( ) (-0.80, 1.09) | (0.71, 2.62)
0.50 1.44 0.52 1.5
Low-middle SDI 0.47 (0.42, 0.50) 0.45 (-0.18, 0.98) o
(0.54,048) (1.4, 1.44) (-0.22, 1.15) | (1.23, 1.89)
0.73 1.30 0.99 1.62
Low SDI 0.67 (0.85, 0.53) 0.89 (0.64, 1.22)
(0.99,051) | (1.55,1.12) (0.64,130)  (1.47, 1.84)
Regions - - - - - -
022 1.35 0.16 1.43
Al Latin Ameri -0.36 (-0.59, -0.1 -0.41, : .26 (-1.35, 1. : ’
ndean Latin America 0.36 (-0.59, -0.17) (-0 (110, 1.55) 0.26 (-1.35, 1.97) (-1.35,1.65) (008, 2.67)
-0.05)
-1.55
) -0.26 024 042
Australasia -1.72 (-1.82, -1.59) (-1.69, -0.44 (-0.89, 0.07)
(-0.58, 0.05) (-0.35,021)  (-7.35, 3.16)
-1.44)
0.28 1.01 -0.63 -0.08
i 27 (-0.09, 0.62 -0.66 (-2.88, 0.4
Caribbean 027 (-0.09, 0.62) (001,058)  (074,127) | 66 (288,043 (-2.84,073) | (-3.16, 1.88)
023
) 0.33 -1.40 0.08
Central Asia -0.59 (-0.71, -0.48) (-0.33, -1.12 (-4.53, 1.13)
(0.23, 0.43) (-4.15,052)  (-2.43, 1.83)
-0.13)
035 0.93 1.19 0.42
Central E -0.61 (-0.78, -0.45 -0.52, : -1.15 (-6.53, 1.99 - e
entral turope ( ) ( (0.76, 1.09) ( ) (-523,1.71) | (-5.08, 2.43)
-0.21)
-0.44
Central Europe, Eastern 0.76 (1083, -0.63) (0,54 0.71 1.03 (391, 134) -1.02 -0.40
Europe, and Central Asia : R 0 53)’ (0.63, 0.82) ’ o (-3.52,1.36)  (-3.50, 2.17)
12 1. -0. 4
Central Latin America 0.13 (-0.08, 0.35) 0 55 -0.65 (-5.85, 2.48) 060 046
(-0.07,0.33) | (1.34, 1.77) (-4.49,2.42)  (-4.24,3.32)
0.67 1.02 1.62 221
Central Sub-Saharan Africa 0.56 (0.32, 0.75) 1.52 (0.22, 2.32)
(0.41,092)  (0.77, 1.23) (0.33,254) (110, 3.04)
010 2.67 0.93 273
East Asi -0.29 (-0.29, -0.2 -0.15, : 1.05 (-0.61, 2.2 ’ :
ast Asia 029 (-029,-0.27) (015 (61,275 | 105061228 (-1.06,2.35) | (1.09, 4.00)
-0.05)
-0.61
0.68 091 -0.34
Eastern Europe -0.90 (-1.00, -0.77) (-0.71, -0.99 (-7.24, 2.54)
(0.60, 0.80) (-7.00,2.67)  (-7.19, 3.34)
-0.49)
0.55 0.93 117 1.89
East -Saharan Afri 29 (0.44, 0.1 1.01 (0.74, 1.2
astern Sub-Saharan Africa | 0.29 (0.4, 0.18) 074,038 (113,079 01 9 (0.85,1.32) | (1.86,2.15)
(Continued)
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TABLE 1 Continued
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1990-2019 2020-2030
No.(95% N ° ° °
- 0.(95% No.(95% No.(95%
. No.(95%Cl) cl) (95% No.(95%CI) (85% (85%
location Cl) Cl) Cl)
Age-standardized DALY Age-standardized DALY
g ASDR ASIR 9 ASDR ASIR
rate (per 100000) rate (per 100000)
-1.33 -0.46
High-income 141 (-1.49, -1.33) (-1.44 011 -0.45 (-0.68, -0.13) (-0.56. 035
’ . -0.25, 0.04 ’ o -3.40, 1.7
-1.26) (-025,0.04) -0.27) (-340, 1.76)
-1.53
o . ) 0.56 2.15 -1.22
High-income Asia Pacific 0.39 (0.27, 0.50) -1.38 (-1.61, -0.66) (-1.76,
(0.37,0.67) | (2.01,2.26) (-7.20, 2.42)
-0.96)
-1.56 -0.95
High-income North America  -1.74 (-1.80, -1.68) (-1.63 (-1.12 -0.23 (-0.55, 0.17) -0.08 -0.20
: e o T ) U (-0.19, 0.20)  (-7.83, 3.75)
-1.50) -0.75)
025 1.03 1.18 0.09
Latin Ameri i -0.25 (-0.37, -0.14 . -1.23 (-3.48, 0. - s
atin America and Caribbean 0.25 (-0.37, -0.14) (-0.35. (091, 1.15) 3 (-3.48, 0.55) (2.58,044)  (-192, 1.78)
-0.17)
0.38 115 0.03 1.66
North Afri Middle E .30 (0.23, 0. .00 (-0.64, 0.
o rica and Middle East =~ 0.30 (0.23, 0.30) (033, 036) (109, 1.14) 0.00 (-0.64, 0.85) (-0.61,078) (091, 239)
. 0.95 127 1.42 1.96
Oceania 0.95 (0.90, 1.05) 1.49 (1.32, 1.57)
(0.89,1.04) | (1.19, 1.36) (1.08,1.49) | (1.62,2.23)
0.30 0.77 0.58 1.58
South Asia 0.34 (0.38, 0.35) 0.42 (-1.25, 1.70)
(0.40,0.26) | (0.84, 0.76) (-0.89, 1.81) | (0.30, 2.63)
-0.01 115 -0.27 1.04
Southeast Asi -0.07 (-0.16, -0.05 -0.49 (-1.59, 0.21
outheast Asia ( ) (-0.11,0.03) | (1.08, 1.18) ( ) (-1.44,0.38) | (-0.13, 1.90)
) . -0.03
Southeast Asia, East Asia, 2.22 0.55 2.32
A -0.13 (-0.13, -0.14) (-0.06, 0.58 (-0.43, 1.44)
and Oceania 001) (2.14, 2.30) (-0.46, 1.52) | (1.00, 3.28)
073 0.40 0.44 0.57
Latin Ameri -0.85 (-0.92, -0.7: -0.82, ’ -0.29 (-0.98, 0.61 - ’
Southern Latin America 0.85 (-0.92, -0.78) (-0.8. (009, 0.70) 0.29 (-0.98, 0.61) (0.67,010)  (-9.01, 4.43)
-0.67)
093 - 373 -2.86
Southern Sub-Saharan Africa 0.77 (0.73, 0.87) ) i -3.63 (-4.50, -3.57) (-4.73, (-3.67,
(1.00,0.87) | (1.29, 1.30)
-3.47) -2.54)
) 12 . X
Sub-Saharan Africa 0.63 (0.60, 0.64) 079 3 0.22 (-0.73, 0.73) 033 093
(0.83,0.74) | (1.23,1.23) (-0.43,0.70) = (0.69, 1.05)
-0.5 -2.
. ) . 058 0.71 201 -0.84
Tropical Latin America -0.54 (-0.58, -0.51) (-0.65, -2.13 (-3.22, -1.05) (-2.72,
(0.66, 0.74) (-1.76, 0.05)
-0.55) -1.07)
-1. -0.
39 007 051 036
Western Europe -1.58 (-1.67, -1.47) (-1.52, -0.48 (-0.68, 0.04) (-0.58,
(-0.15, 0.27) (-4.37, 2.26)
-1.30) -0.29)
0.96 1.48 0.47 1.08
Western Sub-Saharan Afti 0.85 (0.79, 0.84 0.24 (-0.46, 0.62
estern sub-oaharan Alrica ( ) (095,088) (141, 147) ( ) (0.14,0.79) (091, 0.67)

3.3 Projected distributions of the burden of
breast cancer in women worldwide by
region and country from 2020 to 2030

From 2020 to 2030, the highest EAPC in the ASDR and age-
standardized DALY rate of breast cancer in women is projected to
be in Central Sub-Saharan Africa (1.62 [95% CI: 0.33, 2.54] and
EAPC: 1.52 [95% CI: 0.22, 2.32], respectively), followed by Oceania
(1.42 [95% CI: 1.08, 1.49] and EAPC: 1.49 [95% CI: 1.32, 1.57],
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respectively (Table 1; Figure 1). Additionally, the EAPC in the ASIR
of breast cancer in women is projected to be the largest in East Asia
(2.73), with an increase from 35.69 in 2019 to 48.17 in 2030 per
100,000 population (Table 2; Figure 1).

Across 204 countries from 2020 to 2030, the burden of breast
cancer in women is projected to vary significantly. For instance,
the Solomon Islands are expected to experience the largest annual
percentage changes in ASIR and ASDR, as well as age-
standardized DALY rates due to breast cancer in women (7.25
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EAPC Bar Plot for Incidence (2020-2030)

10.3389/fonc.2024.1364397

EAPC Bar Plot for Deaths (2020-2030)

EAPC Value

EAPC Value

_EAPC Bar Plot for DALY (Disability-Adjusted Life Years) (2020-2030)

EAPC Value

FIGURE 1

EAPC of global burden of breast cancer in women from 2020 to 2030, by regions. (A) ASIR (B) ASDR (C) age-standardized DALY rate. EAPC,
estimated annual percentage change; ASIR, age standardized incidence rate; ASDR, age standardized death rate.

[95% CI: 7.07, 7.39], 6.87 [95% CI: 6.81, 6.90], and 7.09 [95% CI:
6.93, 7.18], respectively), which are notably higher than the
second-ranked country (Supplementary Table 6; Supplementary
Figures 5 and 7). Furthermore, Gambia is projected to have the
largest annual percentage changes in ASDRs and age-standardized
DALY rates due to breast cancer in women (2.17 [95% CI: 1.18,
2.52] and 2.20 [95% CI: 1.41, 2.53], respectively) from 2020 to
2030 (Supplementary Table 6; Supplementary Figures 5 and 7).
Despite having a lower baseline and smaller increase in the burden
of breast cancer in women compared to other countries, China is
expected to have a notably high annual percentage change in its
ASIR for this burden (2.83 [95% CI: 1.29, 4.13]), ranking second
among all 204 countries (Supplementary Table 7; Supplementary
Figures 5 and 7). Conversely, Myanmar is projected to have the
smallest annual percentage changes in ASIR, ASDR, and age-
standardized DALY rates due to breast cancer in women from
2020 to 2030 (-12.06 [95% CI: -12.96, -10.89], -16.29 [95% CI:
-18.79, -13.84], and -39.43 [95% CI: -41.42, -28.82]), followed by
the Republic of Moldova and South Africa (Supplementary
Table 8; Supplementary Figures 5 and 7).

The burden of breast cancer in women is expected to be
highest in the Solomon Islands (ASIR: 6.43; ASDR: 5.12; age-
standardized DALY rate: 5.96) per 100,000 (Supplementary
Table 9; Supplementary Figures 6 and 8), followed by Lesotho
(ASIR: 3.94; ASDR: 3.58; age-standardized DALY rate: 3.83) per
100,000 (Supplementary Table 9; Supplementary Figures 6 and 8).
On the other hand, the lowest ASIR is projected to be in Myanmar
(-2.27), followed by Kyrgyzstan (-1.57) and Iceland (-1.29) per
100,000 (Supplementary Table 10; Supplementary Figures 6
and 8).
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3.4 Correlation of the burden of breast
bancer in women worldwide in 1990-2019
with that in 2020-2030

A significant correlation was discovered between the burden of
breast cancer in women from 1990 to 2019 and the projected
burden for 2020 to 2030. Specifically, the analysis of EAPCs in key
parameters across 204 countries during these time frames showed a
positive correlation (ASIR: r = 0.38, p< 0.01; ASDR: r = 0.37, p<
0.01; and age-standardized DALY rate: r = 0.31, p< 0.01; see
Supplementary Figure 9).

A significant positive correlation was observed between the
ASIR of breast cancer in women globally in 1990 and the projected
rates for 2030 (r = 0.62, p< 0.01; Supplementary Figure 10). This
indicates that higher ASIRs in 1990 are associated with higher
projected rates in 2030. Additionally, while the correlations between
the ASDR and age-standardized DALY rates due to breast cancer in
women globally in 1990 and their projected rates for 2030 were not
as strong as those for ASIRs, they were still positive (r = 0.30, p<
0.01 and r = 0.25, p< 0.01, respectively; Supplementary Figure 10).

4 Discussion

In this study, the GBD 2019 data was analyzed to examine the
temporal trends in the global burden of breast cancer from 1990 to
2019, as well as to forecast these trends from 2020 to 2030 on a
global scale and by country. It was projected that the ASIR of breast
cancer in women will increase annually worldwide from 1990 to
2030. However, from 2020 to 2030, the ASIR of breast cancer in
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TABLE 2 The Age-standerized rates of breast cancer in women from 1990 to 2019 in different regions.

1990 2019 2030

No.(95% 5
No.(95%U1) 5 No.(95%

No.(95% No.(95% No.(95% No.(95%

No.(95%UlI) No.(95%UlI)

‘le 1@ bueyz

L0

[SSIRVFETM I

location ul) ul) ul) ul) ul)
Age-standardized DALY ASDR ASIR Age-standardized DALY ASDR ASIR Age-standardized DALY ASDR ASIR
rate (per 100000) rate (per 100000) rate (per 100000)
17.76 0.1 15.88 45.86 15.62 48.09
Global 524.87 (501.78, 551.15) (16.93, (3;; 78, 4133) 473.83 (437.30, 510.51) (14.66, (41.91, 474.28 (405.49, 545.70) (13.63, (38.55,
18.51) e 17.07) 49.76) 17.89) 57.89)
Sociodemographic
index
23.87 2930 16.71 79.22 15.64 75.48
High SDI 703.06 (680.17, 726.62) (22.83, (7% 00, 80.87) 487.45 (459.76, 518.84) (15.56, (70.83, 459.04 (420.84, 507.02) (14.32, (49.86,
24.39) e 17.45) 87.70) 16.73) 104.53)
17.66 3850 14.93 4893 13.87 51.87
High-middle SDI 534.27 (513.62, 557.28) (16.98, (3% 22, 39.86) 434.96 (400.69, 473.31) (13.75, (43.84, 410.57 (340.24, 493.65) (11.92, (38.72,
18.33) e 16.19) 54.49) 16.61) 65.71)
14.42 1743 18.34 25.67 20.50 30.70
Low SDI 437.94 (363.58, 513.68) (11.76, (1“1 22,2052) 544.03 (475.61, 621.56) (15.98, (22.54, 601.03 (511.11, 714.33) (17.19, (26.38,
17.37) e 20.84) 29.10) 24.11) 35.69)
13.97 18.80 16.86 29.47 17.88 35.14
Low-middle SDI 436.47 (381.96, 493.02) (11.93, (18 33,2113 523.52 (452.09, 597.21) (14.59, (25.91, 551.28 (443.94, 667.19) (14.28, (29.57,
15.79) e 19.24) 33.20) 21.88) 41.00)
12.67 5081 13.66 35.52 13.85 4343
Middle SDI 399.52 (372.02, 433.14) (11.79, (15 25, 22.45) 422.91 (378.62, 468.87) (12.30, (31.47, 430.58 (333.72, 524.17) (11.28, (34.03,
13.68) e 15.18) 39.81) 17.08) 53.08)
Regions - - - - - - - - -
Andean 12.73 1922 12.67 29.63 12.89 34.74
Latin America 385.28 (345.28, 431.27) (11.44, (1% 23, 2154) 370.35 (300.19, 459.51) (10.44, (24.05, 380.78 (257.43, 572.58) (8.96, (24.12,
14.21) e 15.51) 36.45) 18.61) 49.26)
26.46 8500 17.47 84.69 16.96 80.80
Australasia 794.40 (763.72, 825.24) (25.26, (si 28, 88.27) 509.03 (471.05, 552.78) (16.11, (68.25, 483.85 (426.36, 555.92) (15.43, (29.87,
27.30) e 18.69) 104.99) 19.04) 148.11)
20.02 15 20.84 55.37 19.54 55.18
Caribbean 596.80 (559.99, 637.90) (18.88, (4i 14, 45.36) 623.62 (515.19, 740.86) (17.62, (46.63, 582.17 (376.55, 783.35) (12.94, (33.13,
21.15) e 24.40) 65.11) 26.57) 80.27)
(Continued)

L6£Y9¢T ¥#202°U04/68¢5 0T


https://doi.org/10.3389/fonc.2024.1364397
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

AB0oj0oUQ Ul SI213U0I4

80

[SSIRVFETM I

TABLE 2 Continued

1990 2019 2030
No.(95% No.(95% No.(95% No.(95% No.(95% No.(95%
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Age-standardized DALY Age-standardized DALY Age-standardized DALY
9 ASDR  ASIR g ASDR  ASIR 9 ASDR  ASIR
rate (per 100000) rate (per 100000) rate (per 100000)
18.88 1540 17.29 3836 14.84 38.77
Central Asia 612.61 (589.89, 635.80) (18.18, (3;} 09, 36.36) 523.88 (464.12, 588.67) (15.53, (34.23, 463.23 (282.63, 664.27) (9.88, (26.40,
19.56) R 19.16) 42.80) 20.28) 52.28)
2178 o2 19.87 60.22 17.44 57.56
Central Europe 646.94 (628.68, 664.47) (21.10, (45;) 08, 47.66) 552.66 (476.95, 638.66) (17.25, (52.04, 487.22 (231.01, 792.66) (9.69, (29.65,
22.35) R 22.71) 69.57) 27.33) 90.60)
12.38 12.87 3845 12.07 40.57
Central 24.06
i ) 372.32 (362.37, 382.23) (11.91, 390.08 (330.64, 460.41) (11.05, (32.30, 364.46 (174.58, 603.59) (6.78, (20.50,
Latin America (23.29, 24.71)
12.71) 15.09) 45.64) 19.65) 65.47)
9.20 1723 9.12 35.69 10.10 48.17
East Asia 295.76 (247.21, 349.22) (7.68, (14 27,2037) 282.15 (230.81, 341.19) (7.36, (28.32, 316.48 (215.54, 439.36) (657, (32.03,
10.78) e 11.13) 44.54) 14.39) 68.66)
17.93 39,60 17.47 51.89 15.73 49.90
Eastern Europe 580.67 (563.76, 603.07) (17.43, ( 3é 55, £128) 529.13 (456.07, 618.57) (15.05, (44.14, 472.30 (203.32, 803.53) (691, (20.02,
18.54) oo 20.36) 61.31) 26.81) 87.18)
15.18 18.15 24.04 20.66 29.61
Eastern Sub- 17.94
) 447.71 (369.21, 527.69) (1237, 501.54 (427.72, 580.64) (15.65, (20.78, 561.24 (465.82, 668.23) (17.22, (25.46,
Saharan Africa (14.68, 21.14)
17.91) 20.60) 27.49) 23.79) 34.84)
9.78 56.30 49.23
High-i 71 2.74 2
‘gh-income 295.10 (284.83, 306.71) 8 327 321.94 (300.10, 349.17) (891, (47.14, 276.04 (251.16, 323.32) 825 (21.40,
Asia Pacific (834,892)  (30.94, 34.62) (7.33,9.34)
10.41) 67.18) 86.21)
Hish-income 27.54 114.22 18.36 93.75 18.12 91.56
No‘c’;th America 838.52 (809.43, 872.63) (26.42, (110.57, 533.82 (502.49, 569.80) (17.28, (78.03, 519.72 (47247, 579.28) (16.85, (32.89,
28.19) 116.81) 19.19) 112.64) 19.52) 166.96)
North Africa and 1228 Lo64 1522 37.48 15.28 45.05
Middle East 395.45 (357.63, 458.53) (11.03, (17,76, 22.61) 472.73 (409.00, 544.75) (1331, (32.68, 473.38 (379.73, 600.10) (1241, (36.12,
14.23) e 17.35) 42.94) 18.99) 55.97)
32.82 1527 42.80 65.58 50.27 81.78
Oceania 1086.68 (862.15, 1349.77) (26.12, (3644 55.41) 1416.87 (1084.79, 1808.02) (33.19, (50.44, 1677.81 (1260.74, 2157.31) (37.55, (60.56,
40.10) U 54.23) 83.58) 63.91) 107.00)
1341 1705 16.83 27.72 17.95 33.01
South Asia 406.15 (333.57, 466.21) (10.60, (15 65, 1979) 520.59 (426.84, 620.44) (13.91, (2291, 545.98 (373.33, 747.51) (12.63, (23.62,
15.75) R 20.00) 33.00) 24.42) 44.17)
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women is expected to decrease in high-SDI regions and increase in
other SDI regions (24).
?7: 2%5 g% g = 5% 288 The projected burden of breast cancer in women is expected to
an} wn S - = O a o N
< RAGERENIEAANEA S vary across regions of different SDI levels from 2020 to 2030.
Particularly noteworthy is the anticipated decrease in this burden
o < —~ o o o~ & —~ in high-SDI regions. This decrease in the ASIR of breast cancer in
T 858 528 =08 B8 - i .
2 EEERIEREFIEERIERE: women in high-SDI regions is likely attributed to the more
advanced medical technology, effective preventive measures, and
> greater health awareness among the population in these regions.
< These factors facilitate better screening and early detection of breast
(a) .
= cancer. The Age-Standardized DALY rates and ASDRs due to breast
=3 . . R .
I S 2 2 2 @ cancer in women are projected to decline in high-SDI and middle-
?U = 2 2 g 2 high-SDI regions, but increase in other-SDI regions, particularly
-8 :' f 5 5 3 low-SDI regions. The anticipated rise in the incidence of breast
[T g K . . .
e 3 Iy a g cancer among women in low-SDI regions could be impacted by
1
2 f“_é é é g g geographical variables like climate and environmental exposure. For
= ”‘ e “ '” instance, specific pollutants and lifestyle choices prevalent in
developing regions with low industrialization levels may increase
" . “ - P G- the susceptibility to breast cancer. Additionally, in comparison to
ol 5% o BERd e5e the f healthy livi duction, self-examination, and
2 P a ¢ 3 2 4 5 4 g E < e focus on healthy living, stress reduction, self-examination, an
medical screenings in higher SDI regions, occupational stress and
lifestyle decisions in low-SDI regions might escalate the risk of
[a) Wnd D 32 ¥ adR breast cancer (23, 25). Variations in the impact of breast cancer in
) T2 248 % Sxl
< 228 I | L2z28 2z=28 women are influenced by economic and social factors, underscoring
the importance of strategic allocation of health resources and
> medical interventions to mitigate the burden of breast cancer. In
g countries with limited resources, priority should be placed on
°3 prevention, increased screening, early detection, and improved
o = = 3 2 . .
-.g o E ° § g access to treatment to effectively decrease mortality and DALYs
= O = > >
e - : i (26-28).
0:\3 = ; § E 3 From 2020 to 2030, the burden of breast cancer among women
L0 773 . . . .
) 3%’ ;‘,n’ é ;5 ::j of childbearing age is expected to rise across most age groups
2 2% @ % 5 & globally, with the highest increase projected in women aged 45-49
(29, 30). However, a decrease in incidence rates is anticipated for
N 9 B @ 5 women aged 40-49 in regions with high SDI. This highlights that
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2 5 2 o g g §/ = % = % SDL The rise in global breast cancer incidence is linked to societal
. aging (31), leading to greater exposure to genetic variations and
g environmental factors, ultimately increasing cancer rates.
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z A oS3 82 853 o2 onsequently, the overall risk of cancer rises with age (32-34).
= ) 5o g Rl Consequently, th all risk of th age (32-34)
o= %) IS T T B e s B SO
ZO | < BRI R A S The burdens of breast cancer in women childbearing age are
projected to vary by region from 2020 to 2030. The largest increase
> in the ASDR and age-standardized DALY rate due to breast cancer
g in women is projected to occur in Central sub-Saharan Africa
2 ’8‘ . _ _ . (EAPCs of 1.62 and 1.52, respectively), followed by Oceania
-_g S § § ﬁ E (EAPCs of 1.42 and 1.49, respectively). East Asia is expected to
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3 36), while the rise in East Asia could be linked to changes in lifestyle
Z o (such as dietary habits and pace of life) and genetic factors (4,
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~ o) % £ 5 < 5 = emphasis on health promotion, early detection, prompt diagnosis,
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= - @ e e g importance of early detection and effective screening programs is
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Line Graph for Deaths (1990-2030) with Confidence Intervals

EAPC of global burden of breast cancer in women from 1990 to 2030, by SDI Regions. (A) The EAPC of ASIR (B) The EAPC of ASDR (C) The EAPC of
age-standardized DALY rate. EAPC, estimated annual percentage change; ASIR, age standardized incidence rate; ASDR, age standardized death rate

essential in the worldwide battle against breast cancer, as it can
significantly decrease the prevalence of this disease.

Projections on the burden of breast cancer in women across 204
countries from 2020 to 2030, and its growth trends, reveal
significant disparities. The Solomon Islands are expected to
experience the fastest growth in this burden, with the EAPC in its
ASIR and ASDR of and DALY rates due to breast cancer in women
projected to significantly surpass those of other countries.
Additionally, China and Myanmar are noteworthy, with China
having the second highest projected growth rate in the ASIR of
breast cancer in women among the 204 countries, while Myanmar is
expected to have the lowest burden. The anticipated rapid rise in the
burden of breast cancer in women in the Solomon Islands from
2020 to 2030 may be attributed to its socioeconomic and health
conditions, including limited medical resources and low public
health awareness. Conversely, China’s high growth rate in the
ASIR of breast cancer in women may be linked to rapid
urbanization and lifestyle changes, whereas Myanmar’s low
burden may be influenced by lifestyle and genetic factors, such as
dietary habits and ethnic background, which warrant further
exploration (38, 39).

Our study revealed a notable association between the burden of
breast cancer in women from 1990 to 2019 and the projected
burden from 2020 to 2030, suggesting a potential link between past
and future trends. Furthermore, a strong positive correlation (r =
0.62) was observed between the ASIR of breast cancer in women in
1990 and the projected rate in 2030, indicating that regions with
high burdens in 1990 are likely to continue facing high burdens in
2030. However, weaker positive correlations were found between
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the ASDRs of and DALY rates due to breast cancer in women (r =
0.30 and 0.25, respectively).

The positive correlation between historical and projected
burdens of breast cancer in women may reflect the ongoing
impact of the disease’s pathogenesis and its interaction with
genetics, environmental, and lifestyle factors. The significant
positive correlation between the ASIR of breast cancer in
women in 1990 and its projected rate in 2030 could be
attributed to the stability of long-term lifestyles (40),
environmental factors (41), and socioeconomic conditions (42,
43). On the other hand, the weaker correlations between the
ASDR and DALY rates due to breast cancer in women in 1990
and their projections for 2030 may indicate the influence of
advancements in medical technology, treatment methods, and
changes in public health strategies on mortality and overall
burden of the disease. These factors may lead to variations in
mortality and burden across regions, even when incidence rates
remain relatively constant. Consequently, a global disparity in the
burden of breast cancer in women may emerge, with some regions
facing higher burdens due to limited health resources and
preventive measures, while others experience lower burdens due
to improved healthcare and preventive measures (18, 44).

These findings emphasize the significance of utilizing historical
data to forecast future trends. They also emphasize the necessity for
global strategies in preventing and treating breast cancer in women
to take into account regional disparities and long-term patterns.
Furthermore, they demonstrate the critical need for enhancing
measures for breast cancer prevention and treatment, particularly
in areas with a historical prevalence of the disease (45).
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FIGURE 3

EAPC of global burden of breast cancer in women from 1990 to 2019, by regions. (A) ASIR (B) ASDR (C) age-standardized DALY rate. EAPC,
estimated annual percentage change; ASIR, age standardized incidence rate; ASDR, age standardized death rate.

This comprehensive analysis highlights a decrease in the burden of
breast cancer in women from 1990 to 2019, yet emphasizes the
persistence of key risk factors and challenges that require attention
(46). To address these issues, we recommend the following actions:
Firstly, there is a necessity for the development and implementation of
enhanced public-health strategies globally, particularly in low-SDI
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regions, to bolster breast cancer screening and prevention efforts.
Secondly, there is a call for increased investment in medical resources
for the early diagnosis and treatment of breast cancer, particularly in
underserved areas. Additionally, there should be a focus on raising
public health awareness and education to improve women’s
knowledge of breast cancer, promoting regular check-ups for early
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The trends of incidence rate for global burden of breast cancer in women in 2019, by SDI regions and age group. (A) Incidence rate (B) Death rate
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detection. Lastly, it is crucial to encourage international researchers to
explore the link between breast cancer and lifestyle, promote healthy
behaviors like moderate exercise and a balanced diet, and foster global
collaboration to share research findings and medical resources for
more effective prevention and treatment of breast cancer in women
worldwide (23, 25, 47).

This study utilized long-term data to comprehensively evaluate the
global burden of breast cancer in women. It also investigated the impact
of factors like SDIs, regional variations, and gender disparities on this
burden, particularly focusing on the influence of SDI changes. These
findings facilitated the development of strategic recommendations to
mitigate the burden in countries and regions with diverse SDIs.

However, this study also has certain limitations. Firstly, despite
utilizing a wide range of data, potential biases and inaccuracies
within the data could have impacted the precision of our findings.
The GBD estimates relied heavily on an algorithm that was
significantly influenced by the quality and quantity of data
retroactively used in the modeling process. Moreover, data
scarcity, particularly in regions such as Latin America, sub-
Saharan Africa, and Asia, could have posed challenges. Secondly,
while our predictive model accounted for various stratification
factorslike SDI region, age distribution, and country, it may have
overlooked future events or emerging risk factors. Lastly, our
strategic recommendations may necessitate additional validation
and implementation to verify their efficacy and relevance.

5 Conclusion

This study examined the historical and projected trends in the
global burden of breast cancer among women from 1990 to 2030. The
analysis forecasts an overall increase in the ASIR of breast cancer in
women worldwide, with the exception of high SDI regions where a
decrease is projected. The ASIR is expected to rise with age, peaking
among women aged 45-49. Sub-Saharan Africa and Oceania are
anticipated to experience the most significant increases in breast
cancer burden among women, with the Solomon Islands and China
projected to have the fastest growth in ASIR. Additionally, a notable
positive correlation exists between the ASIR of breast cancer in
women in 1990 and the projected rates for 2030. In conclusion,
efforts should be directed towards addressing the burden of breast
cancer among women aged 45-49 in sub-Saharan Africa, Oceania,
and specifically in the Solomon Islands and China.
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