Cancer Biol Med 2026. doi: 10.20892/j.issn.2095-3941.2026.0059

OPEN 8 ACCESS

ORIGINAL ARTICLE

Global patterns, temporal trends and socioeconomic
inequalities in the burden of breast cancer:
a population-based study across 185 countries

Weijia Kong'?*, Hengna Lin3*, Jie Li%, Yaxiong Nie*®, Rongshou Zheng®, Di Liang*

TGraduate School, Beijing University of Chinese Medicine, Beijing 100029, China; 2Department of Oncology, Guang’anmen
Hospital, China Academy of Chinese Medical Sciences, Beijing 100053, China; 3Chronic Disease Department, Center for
Disease Control and Prevention of Mentougou District, Beijing 100010, China; *Cancer Institute in Hebei Province, The Fourth
Hospital of Hebei Medical University, Shijiazhuang 050011, China; *Department of Epidemiology and Statistics, School of
Public Health, Hebei Medical University, Shijiazhuang 050011, China; ®National Central Cancer Registry, National Cancer
Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College, Beijing 100021, China

ABSTRACT Objective: Breast cancer is the most frequently diagnosed cancer among women worldwide and is a leading cause of cancer-related
deaths. Comparative assessments of breast cancer lifetime risks across populations are limited. This study estimated the global,
regional, and national lifetime risks, temporal trends, and socioeconomic inequalities in the burden of breast cancer.

Methods: Using incidence and mortality data from GLOBOCAN 2022 (185 countries) and United Nations population and all-cause
death data, lifetime risks were calculated using the adjusted for multiple primaries (AMP) method, which could adjust for multiple
primary cancers, competing risks of other causes death, and life expectancy. Longitudinal data of breast cancer incidence from 2003-
2017 were retrieved from the Cancer Incidence in Five Continents (CI5) Plus database. The temporal trends for breast cancer deaths
were abstracted from the WHO Mortality Database. The lifetime risk of developing and dying from breast cancer were analyzed by
socioeconomic characteristics, 20 predefined geographic regions and menopausal status.

Results: The overall worldwide lifetime risk of developing and dying from breast cancer was 5.51% (95% CI: 5.50%-5.52%) and 1.82%
(95% CI: 1.82%-1.83%) in 2022, respectively. The estimated lifetime risks of developing breast cancer had a positive relationship with
Human Development Index (HDI) levels and corresponding risks of 10.37%, 4.42%, 2.96%, and 2.91% in very high, high, middle,
and low HDI regions, respectively. Very high HDI regions presented the highest lifetime risk of breast cancer death (2.70%), followed
by low HDI (1.70%), medium HDI (1.54%), and high (1.38%) HDI regions. A significant correlation was identified between lifetime
risks and health economics capacity. The lifetime risk of developing and dying from breast cancer primarily involved individuals >
55 years of age with remaining risks of 3.77% (developing) and 1.43% (dying) from 55 years to death. The proportion of lifetime risks
among individuals 0-44 years of age was higher in Africa regions compared to other regions. In surveillance data from 36 countries,
a significant increasing trend in the average annual percentage change (AAPC) was noted in 32 countries, which ranged from 0.17%
in the United States to 5.84% in the Republic of Korea.

Conclusions: Globally, an estimated 1 in 18 individuals were diagnosed with breast cancer during their lifetime and approximately 1
in 55 died from the disease in 2022. Lifetime risk of breast cancer disparities reveal the socioeconomic inequalities of breast cancer.
Therefore, country-tailored intervention plans for breast cancer require prioritization within precision prevention to mitigate global
breast cancer inequities and burden.
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Breast cancer is the most frequently diagnosed cancer and
the leading cause of cancer-related mortality worldwide in
females, comprising 23.8% of new cancer cases and 15.4%
of cancer-related deaths'2. In 2022, there were 2.3 million
women diagnosed with breast cancer and 0.67 million deaths
globally’. Breast cancer exerts profound multidimensional
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Rationale and research questions
e  Rising burden of breast cancer globally

e Limited intuitiveness for comparative assessments of lifetime risks
across different populations

Objectives
Quantify the lifetime risks of developing or dying from breast cancer

across 185 countries at the global, regional, and national levels

Analyze temporal trends and socioeconomic inequalities of breast

cancer burden
4

Data sources and methods

@
2

Data sources

¢ Incidence (2.3 million) & mortality (0.67
million) cases: GLOBOCAN 2022 (185
countries)

Analysis

*  Population and all-cause deaths: World
AMP method

population prospects
e Trend: CI5 Plus database (2003-2017) and

Trend analysis: Joinpoint
WHO Mortality Database

regression for AAPC
*  Health socioeconomic: Global Health

by age & menopausal status—
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Findings and implications

Key findings
A. Lifetime risk of developing breast cancer: 5.51%
(1 in 18 persons)
* Highest area: Australia/New Zealand
¢ Lowest area: Middle Africa
 Very high HDI > high HDI > medium HDI > low HDI
B. Lifetime risk of dying from breast cancer: 1.82%
(1in 55 persons)
) * Highest area: Micronesia/Polynesia
* Lowest area: Eastern Asia
* Very high HDI > low HDI > high HDI > medium HDI
C. Age and menopausal patterns
* Risks concentrated in ages 55+ years
* Low-HDIL Highest premenopausal/perimenopausal

Lifetime risk analysis: Stratified

proportion

. D.Temporal trends

n

'(: * 32/36 countries: Significant increase
Implications:

¢ Provide an intuitive and comparable indicator to show

P breast cancer burden globally
Expenditure Database & World Bank Group . o .
® 4 Sensitivity analysis: Lifetime risk *  Suggestions for policy: Addressing epidemiological
Method: AMP method 1O A o .
vs. cumulative risk (074 years) disparities in breast cancer through resource-stratified

e Adjust for multiple primary cancers

¢ Account for competing risks & life expectancy

and age-specific prevention and screening strategies

Study Flowchart Data were obtained from GLOBOCAN 2022 (185 countries), United Nations population and all-cause mortality data from
WHO, and longitudinal data on breast cancer incidence between 2003 and 2017 from CI5 Plus database. The AMP method was used to cal-
culate lifetime risk, which accounts for multiple primary cancers, competing risks from other causes of death, and life expectancy. Analyses

estimated lifetime risk across different global regions, countries, age groups, socioeconomic conditions, and menopausal status. The findings

showed that the lifetime risk of developing breast cancer was 5.51% and dying from breast cancer was 1.82%. Epidemiologic disparities of

breast cancer were noted in different HDI regions and healthcare resource countries globally with pronounced heterogeneity. Countries

should implement precise prevention and control measures based on their respective health resources and risk profiles to reduce the global

burden of breast cancer. Figure created using Microsoft Office PowerPoint and Adobe lllustrator. (AAPC, average annual percentage change;

AMP method, adjusted for multiple primaries method; CI5, cancer incidence in five continents; HDI, Human Development Index).

impacts that extend beyond physical health, affecting patients’
psychological, emotional, and social well-being, as well as that
of their families, throughout the disease trajectory*. Breast
cancer is a hormone-dependent malignancy of the mammary
gland, exhibiting distinctly different molecular characteristics,
molecular subtypes, and etiologic factors across menopausal
status®. Because of variations in risk factors, geography, soci-
oeconomic fabric, and accessibility to health resources across
different regions, global estimates have revealed significant
inequities in the breast cancer burden according to human
development?®.

Accurate quantification of the global breast cancer burden at
the population level is essential for developing evidence-based
healthcare policies and prevention and control programs,
particularly in resource-limited areas where competing pri-
orities and systemic constraints exacerbate health disparities’.
The lifetime risk of breast cancer represents the cumulative

probability of developing or dying from breast cancer during
an individual’s remaining life course (usually from a given
age until death)3°. This indicator offers an intuitive longitu-
dinal visualization of the global epidemiologic pattern in a
population, while accounting for competing death causes and
multiple primary cancers and variations in life expectancy!®.
Estimating the lifetime probability of breast cancer across
regions, age groups, menopausal status, and socioeconomic
levels could effectively enable more intuitive health commu-
nication and assess the impact and efficacy of breast cancer
prevention and control strategies. Some studies have reported
the lifetime probability of developing cancer worldwide”*!%.
However, evidence gaps persist in landscape of lifetime breast
cancer risk globally.

This study used the adjusted for multiple primaries (AMP)
method to quantify the lifetime risk of developing and dying
from breast cancer across 185 countries using GLOBOCAN
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2022 data. The global patterns and temporal trends in breast
cancer using lifetime risk combined with traditional metrics,
including incidence and mortality rates stratified by age, men-
opausal status, health socioeconomic level, and geographic
region, are presented. This study will provide critical infor-
mation for shaping resource-tailored breast cancer prevention
and control policies, ultimately aiming to mitigate the global
burden through optimized resource allocation and health sys-
tem strengthening.

Materials and methods

Data source

New cases and deaths from breast cancer were collected from
GLOBOCAN 2022 and classified by age group in 5-year incre-
ments (0-4, 5-9, .., 80-84, and 85+ years of age)!?. Breast
cancer was defined as C50 according to the 10" revision of
the International Classification of Diseases (ICD-10). Data
on population size and all-cause deaths were sourced from
the United Nations (World Population Prospects 2019)'2.
The global population was stratified into 20 predefined geo-
graphic regions, as classified by the 2019 Revision of World
Population Prospects!?. The Human Development Index
(HDI) serves as a composite metric summarizing the fol-
lowing key dimensions of development: longevity, educa-
tion, and standard of living. The countries were categorized
in four levels based on the HDI classification from Human
Development Reports, as follows: very high HDI (= 0.800),
high HDI (0.700-0.799), medium HDI (0.550-0.699), and
low HDI (< 0.550)!3. The HDI was obtained from the United
Nations Development Programme!®. Health spending indica-
tors serve as vital instruments for monitoring resource flows,
informing health policy formulation, and enhancing health
system transparency and accountability. Country-level health
economic variables, including the Universal Health Coverage
(UHCQC) Index, Current Health Expenditure (CHE) per cap-
ita, CHE as a percentage of Gross Domestic Product (GDP),
Domestic General Government Health Expenditure per capita
(GGHE-D), GGHE-D as a percentage of CHE, and GGHE-D
as a percentage of General Government Expenditure (GGE),
were extracted from the Global Health Expenditure Database
(GHED) and World Bank Group to describe the landscape of
economies and breast cancer lifetime risk!*1°.

Breast cancer data spanning 2003-2017 were extracted
from the Cancer Incidence in Five Continents (CI5) Plus data-
base for trend analyses of breast cancer lifetime risk!6. The
temporal trends for breast cancer death were abstracted from
the WHO Mortality Database!”. Following the exclusion of
registries with incomplete age-specific and population data,
the breast cancer incidence datasets from 36 countries which
met quality criteria were included for the trend analysis. The
Ethical Committees of the Fourth Hospital of Hebei Medical

University, the National Cancer Center/Cancer Hospital, the
Chinese Academy of Medical Sciences, and Peking Union
Medical College waived the need for ethical approval or
informed consent for this study.

Statistical analysis

The AMP method was used to calculate the lifetime risk of
breast cancer, which takes into account other competing
causes deaths and adjusts for the inclusion of multiple primary
cancers in the incidence or mortality rates!®!8. The breast can-
cer incidence, mortality, and all-cause mortality rates in 5-year
age groups were used to estimate the lifetime risk of develop-
ing or dying from breast cancer at different ages. The method
of probability of being diagnosed with breast cancer was cal-

culated as follows:
f

S = j :xc(a)ﬁg‘ (a)da =y

i=1

x [1 —exp[—%(RﬁMi —Di)j]

For age group i, S represents the probability of being diag-
nosed with or dying from breast cancer, A_represents the can-
cer incidence rate, S; (a,) represents the probability of being
alive and free of cancer at age a, R, signifies the breast cancer
case or death count, M, represents the annual death count, D,
represents the annual death count due to breast cancer, and W,
represents the span of age group i. The 95% confidence inter-
val (CI) of lifetime risk was estimated based on the Poisson
method. Additional details regarding this method of estimat-
ing the lifetime risk of developing or dying from breast cancers
are provided in the Supplementary materials.

The lifetime risk of breast cancer across different age inter-
vals, menopause status, HDI levels, and various economic
indicators at the global, regional, and national levels were
calculated in this study. Associations between the HDI and
socioeconomic health indicators with lifetime risk of breast
cancer were assessed using restricted cubic spline regression
to capture potential non-linear relationships'®. Cumulative
risk refers to the probability of developing a particular disease
within a specified age range assuming no other causes of death
and is often calculated for 0-74 years of age as an indicator
of cancer burden. Therefore, the lifetime risk of developing or
dying from breast cancer was compared to the cumulative risk
(0-74 years of age) in the sensitivity analysis. Joinpoint regres-
sion was performed using Joinpoint software (version 5.4.0.0;
National Cancer Institute, Rockville, MD, USA) to estimate
temporal trends and the models allowed for up to 3 seg-
ments (2 join-points). The average annual percentage change
(AAPC) was also estimated and whether the fluctuation trend
in different parts was statistically significant was investigated
by comparing the AAPC to zero. Menopausal status is not rou-
tinely recording in cancer registry data, necessitating the use

Lﬁ;(%)
Ri+M; - D,



Cancer Biol Med Vol 23, No 7 July 2026

of age as a proxy measure. The menopause status of females
(pre-, peri-, and post-menopause) was defined as chronologi-
cal age < 45 years, 45-54 years, and > 55 years, respectively?®2!,
Other analyses were performed SAS software (version 9.4; SAS
Institute, Cary, NC, USA) and R software (version 4.3.0; R

Foundation for Statistical Computing, Vienna, Austria).

Results

Global, regional, and national lifetime risks of
developing breast cancer

The overall global lifetime risks of developing breast can-
cer from birth to death was 5.51% (95% CI: 5.50%-5.52%).
Therefore, 1 in 18 persons was diagnosed with breast cancer.
Table 1 demonstrates the probability of developing breast
cancer within different age intervals globally. Among the 20
aggregated world regions, Australia/New Zealand had the
highest lifetime risk of developing breast cancer (14.98%, 95%
CI: 14.77%-15.18%), followed by Western Europe (13.65%,
95% CI: 13.58%-13.72%), Northern Europe (13.15%, 95%
CI: 13.05%-13.25%), and North America (12.89%, 95% CI:
12.84%-12.95%). Middle Africa had the lowest lifetime risk
of developing breast cancer (2.16%, 95% CI: 2.09%-2.23%;
Table 1 and Figure 1). At a national level, Luxembourg had
the highest lifetime risk of being diagnosed with breast can-
cer (16.62%, 95% CI: 15.03%-18.21%), followed by France
(15.49%, 95% CI: 15.36%—-15.62%), Australia (15.24%, 95%
CIL: 15.01%-15.47%), Belgium (14.91%, 95% CI: 14.60%—
15.22%), and Cyprus (14.43%, 95% CI: 13.40%-15.46%).
Among the world’s 185 countries, 3 have a lifetime risk of
developing breast cancer < 1%: Angola (0.77%, 95% CI:
0.68%-0.86%); Sierra Leone (0.54%, 95% CI: 0.42%-0.66%);
and Bhutan (0.49%, 95% CI: 0.17%-0.81%) (Table S1).
Substantial disparities in breast cancer lifetime risk exist
across the HDI levels with risk increasing at higher HDI levels
(Table 1 and Figure 2). In countries with a very high HDI,
the lifetime breast cancer risk was 10.37% (95% CI: 10.35%-
10.39%). Therefore, 1 in 10 individuals was be diagnosed with
breast cancer in their lifetime. In contrast, only 1 in 34 indi-
viduals in countries with a low HDI level was be diagnosed
with breast cancer in their lifetime (Table 1). Health econom-
ics indicators also demonstrated positive associations with
lifetime breast cancer risk, in which higher values correlated
with higher risks. Conversely, fertility rate exhibited an inverse
association with lifetime breast cancer risk (Figures $2-S9).

Global, regional, and national lifetime risks of
dying from breast cancer

The overall global lifetime risk of dying breast cancer from birth
to death was 1.82% (95% CI: 1.82%-1.83%); 1 in 55 women
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died from breast cancer. In the 20 regions worldwide, the
regions with the highest lifetime risk of dying breast cancer
were Micronesia/Polynesia (4.90%, 95% CI: 3.68%-6.12%),
followed by Western Europe (3.87%, 95% CI: 3.83%-3.91%),
Southern Europe (3.35%, 95% CI: 3.32%-3.39%), Northern
Europe (3.25%, 95% CI: 3.20%-3.30%), and Australia/New
Zealand (3.13%, 95% CI: 3.04%-3.23%) (Table 1). The high-
est lifetime risk of dying from breast cancer occurred in the
Bahamas (5.83%, 95% CI: 3.96%-7.70%), based on an anal-
ysis of 185 countries worldwide in 2022. A high lifetime risk
of dying from breast cancer also existed in French Polynesia,
Guam, Barbados, Cyprus, and Iceland. Conversely, there were
four countries, including Mongolia, Angola, Sierra Leone, and
Bhutan, where the probability of dying from breast cancer was
estimated to be < 0.5% (Table S1).

Significant variations in the lifetime risk of breast cancer-as-
sociated death were noted across regions stratified by HDI lev-
els (Table 1 and Figure 2). Very high HDI regions exhibited the
highest lifetime risk of breast cancer-associated deaths (2.70%,
95% CI: 2.69%-2.71%); 1 in 37 women died from breast can-
cer. The lifetime risk of dying from breast cancer in regions
with a low HDI regions was 1.70% (95% CI: 1.68%-1.73%),
followed by medium and high HDI regions with lifetime risks
of 1.54% (95% CI: 1.53%-1.55%) and 1.38% (95% CI: 1.38%—
1.39%), respectively. Significant variations also emerged for
select health economic indicators. Specifically, higher fertility
rates were associated with reduced lifetime risks of dying from
breast cancer (Figures $2-S9).

Lifetime risks of developing and dying from
breast cancer according to age at diagnosis and
menopausal status

The risk of developing or dying from breast cancer decreased
with age. The lifetime risk of being diagnosed with or dying
from breast cancer was 5.11% (95% CI: 5.09%-5.13%) and
1.74% (95% CI: 1.73%-1.75%) after 40 years of age, and 4.31%
(95% CI: 4.29%-4.33%) and 1.57% (95% CI: 1.56%-1.58%)
after 50 years of age, respectively (Tables 1, S5 and Figure
§10). The lifetime risks were mainly concentrated in individu-
als > 55 years of age (postmenopausal breast cancer). However,
significant regional and country variations in risk distribution
have been observed across different geographic areas. The
lifetime risk of developing breast cancer had a positive cor-
relation with increasing HDI level. The proportion of lifetime
risk attributable to premenopausal (diagnosed at < 44 years of
age) and perimenopausal breast cancer (diagnosed between 45
and 54 years of age) was highest in regions with a low HDI. In
contrast, the proportion of lifetime risk attributable to post-
menopausal breast cancer (> 55 years of age) exhibited an
inverse pattern, increasing from 56.70% in low HDI regions
to 71.94% in very high HDI regions (Tables S2 and $3). The
contributions of premenopausal breast cancer (0-44 years of
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Figure 1 Lifetime risks of developing or dying from breast cancer in 2022 by region and country. A. Developing breast cancer. B. Dying from

breast cancer. Green diamonds denote the average lifetime risk in each selected geographic area; vertical lines denote the estimated lifetime

risk in each selected country/region.

age) and perimenopausal breast cancer (45-54 years of age)
to the total lifetime risk were greatest in low-HDI regions,
accounting for 15.29% and 20.59% of the lifetime risk, respec-
tively. In contrast, the relative contributions of both age groups
were lower in high- and very high-HDI regions. In contrast,
the risk of postmenopausal breast cancer deaths in very high-
HDI regions accounted for a substantially elevated propor-
tion of the lifetime risk (86.67%) of the entire risk (Table S2).
Interestingly, the risk of dying from breast cancer among indi-
viduals 0-54 years of age declined with increasing HDI level,
whereas the risk among those > 55 years of age had a positive
association with the HDI level (Figure 2).

Trends in lifetime risk of developing breast
cancer

Surveillance data from 36 countries were included to assess
the trends in lifetime risk of developing breast cancer (22 in
Europe, 6 in Asia, 6 in the Americas, and 2 in Oceania). A

significant increasing trend was noted in 32 countries (19 in
Europe, 6 in Asia, 5 in the Americas, and 2 in Oceania) for the
lifetime breast cancer risk with the AAPC ranging from 0.17%
to 5.84%. The most rapid increase occurred in the Republic
of Korea (AAPC = 5.84%, 95% CI: 5.50%-6.14%), followed
by Japan (AAPC =5.21%, 95% CI: 4.74%-5.69%). Countries
with an AAPC < 1.00% included New Zealand (AAPC =
0.76%, 95% CI:0.24%-1.24%), the United Kingdom (AAPC =
0.74%, 95% CI: 0.55%-0.88%), France (AAPC = 0.63%,
95% CI: 0.31%-0.94%), the Netherlands (AAPC = 0.58%,
95% CI: 0.15%-0.92%), Germany (AAPC = 0.30%, 95%
CI: 0.00%-0.71%), and the United States (AAPC = 0.17%,
95% CI: 0.04%-0.31%). Argentina was the only country
with a negative AAPC, although not statistically significant.
Significant increases in the lifetime risk of developing breast
cancer were observed in the 0-44 and 45-54 year age groups
in 22 and 20 countries, respectively, whereas an increasing
trend among individuals > 55 years of age was identified in
31 countries (Figures 3 and S1).
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Figure 2 The correlation between the lifetime risks of developing and dying from breast cancer and the Human Development Index (HDI).
A. Developing breast cancer; B. Dying from breast cancer; C. Developing breast cancer between 0 and 44 years of age (premenopausal breast

cancer); D. Dying from breast cancer between 0 and 44 years of age (premenopausal breast cancer); E. Developing breast cancer between

45 and 54 years of age (perimenopausal breast cancer); F. Dying from breast cancer between 45 and 54 years of age (perimenopausal breast

cancer); G. Developing breast cancer at > 55 years of age (postmenopausal breast cancer); H. Dying from breast cancer at > 55 years of age
(postmenopausal breast cancer).
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Sensitivity analysis comparing lifetime and
cumulative risks (0-74 years of age)

Sensitivity analyses compared the lifetime and conventional
cumulative risks (0-74 years of age). Lifetime risk was calcu-
lated based on actual country-specific life expectancy, whereas
the cumulative risk was conventionally truncated at 74 years
of age. Significant differences and a linear correlation were
noted with life expectancy variations. The cumulative risk
(0-74 years of age) overestimated the lifetime risk of devel-
oping breast cancer in countries with a lower life expectancy,
whereas the cumulative risk generated an underestimate in
countries with higher life expectancy. The cumulative risk (0-
74 years of age) for mortality was significantly lower than the
lifetime risk of dying from breast cancer (Figure S11).

Discussion

In this study the global lifetime risk of developing and dying
from breast cancer among women was estimated in 185 coun-
tries in 2022, analyzing variations across different HDI levels,
regions, countries, and age groups. Overall, the lifetime risk of
developing and dying from breast cancer globally was 5.51%
(1 in 18 women) and 1.82% (1 in 55 women), respectively.
This study identified substantial disparities in lifetime risk of
breast cancer, which was significantly correlated with HDI level
and healthcare resource availability. The lifetime risk of breast
cancer in very high-HDI regions was 3.56 times higher com-
pared to low-HDI regions. Notably, pre- and peri-menopausal
breast cancer deaths accounted for a disproportionately higher
proportion of the total lifetime breast cancer risk in low-HDI
regions or regions with limited health resources compared to
other regions. In contrast, postmenopausal breast cancer risk
constituted a greater proportion in very high-HDI regions.
Among countries with continuous cancer surveillance data,
most exhibited an increasing trend in lifetime risk of developing
breast cancer. The significant global inequities in breast can-
cer risk reflected structural determinants of health disparities,
including uneven socioeconomic resource distribution, variable
implementation of risk factor prevention strategies, and pro-
found gaps in healthcare access and quality across nations.

The lifetime risk of breast cancer offers an accurate, com-
parable, and intuitive measure of disease burden across pop-
ulations compared to conventional epidemiologic indicators.
Although the AMP method, which adjusts for age-specific
incidence, all-cause mortality, and multiple primaries, relies
on several assumptions that are unlikely to hold exactly and
remain reasonable approximations for macro-level policy cal-
culations. The AMP method assumes that the risk of devel-
oping a new primary breast cancer is equivalent between
individuals without a prior breast cancer diagnosis and the
general population and mortality rates for non-breast cancer

are the same as those individuals without previous breast can-
cer and the general population. Nevertheless, factors, such as
smoking and social deprivation, influence cancer incidence
and non-cancer mortality, meaning that these assumptions
cannot be expected to hold exactly in every population sub-
group. It should also be emphasized that the lifetime risk
obtained is an artificial construct and may not accurately
reflect the actual lifetime risk from birth for any individual,
particularly in the context of abrupt changes in incidence
rates, such as the introduction of population screening pro-
grams and changes in reproductive patterns. However, the
lifetime risk of breast cancer based on AMP method remains a
reasonable approximation for the purpose of population-level
estimation. Notably, our study revealed that in countries with
a lower life expectancy, the cumulative risk (0-74 years of age)
overestimated the lifetime risk of developing breast cancer,
whereas in countries with higher life expectancy the cumula-
tive risk produced an underestimate. A sensitivity analysis was
performed under the assumption that global incidence and
mortality rates for breast cancer remained unchanged, while
life expectancy and age-specific mortality rates were set to lev-
els observed in Japan. The estimated lifetime risk of develop-
ing breast cancer rose by approximately 37.23% (from 5.51%
to 7.57%). In contrast, when life expectancy and age-specific
mortality were aligned with the estimates in South Africa (life
expectancy = 65 years) the lifetime risk showed a reduction
0f 29.98% (from 5.51% to 3.86%; Figure $12). These findings
underscore the substantial impact of life expectancy on life-
time risk estimates.

Our study demonstrated that significant variations in life-
time risk of breast cancer across different global regions/
countries reflect pronounced inequities in disease burden and
signified an increasing trend in most regions. These findings
are consistent with previous assessments of disease burden by
incidence and mortality??. Approximately 1 in 7 individuals
in Australia and New Zealand was diagnosed with breast can-
cer in their lifetime, whereas approximately 1 in 46 individu-
als in Middle Africa was diagnosed across the entire lifespan.
Similarly, 1 in 20 individuals in Micronesia/Polynesia died
from breast cancer compared to 1 in 89 in East Asia. Temporal
trend analyses across 36 countries indicated that lifetime risk
continued to rise between 2003 and 2017 in most countries,
which is consistent with other studies reporting an increase
in breast cancer burden>?. The rising burden and disparate
distribution of breast cancer is largely attributable to different
conditions in risk factors, demographic and socioeconomic
transitions, and the coverage of screening strategies.

Disparities in lifetime risk of breast cancer are shaped by
the interplay of multiple biological and socioeconomic deter-
minants. Well-established breast cancer risk factors include
gynecologic characteristics, reproductive patterns, pharma-
ceutical exposures, modifiable lifestyle factors, environmental
influences, dietary habits, iatrogenic exposure to diagnostic
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radiation, and genetic predisposition, such as BRCA1/BRCA2
mutations?*?°. The increased breast cancer burden in very
high-HDI countries is attributed to the prolonged prevalence
of reproductive, endocrine, and lifestyle-related risk factors?.
An estimated a quarter of breast cancer cases in high-income
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countries are attributable to modifiable risk factors, high-
lighting a significant potential for prevention. Our analyses
also indicated that a significant correlation existed between
trends in declining fertility and elevated breast cancer risk
(Figure S8). A previous study showed that each additional
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Figure 3 The average annual percent change (AAPC) for lifetime risks of developing breast cancer, age-standardized incidence rate (ASIR),
and age-standardized mortality rate (ASWR) in 2003-2017 by country and menopausal status. A. Developing breast cancer from birth to
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death; B. Developing breast cancer between 0 and 44 years of age (premenopausal breast cancer); C. Developing breast cancer between 45

and 54 years of age (perimenopausal breast cancer); D. Developing breast cancer at > 55 years of age (postmenopausal breast cancer); E.
Age-standardized incidence rate of breast cancer; F. Age-standardized incidence rate of breast cancer between 0 and 44 years of age (pre-
menopausal breast cancer); G. Age-standardized incidence rate of breast cancer between 45 and 54 years of age (perimenopausal breast
cancer); H. Age-standardized incidence rate of breast cancer at > 55 years of age (postmenopausal breast cancer); I. Age-standardized
mortality rate of breast cancer; J. Age-standardized mortality rate of breast cancer between 0 and 44 years of age (premenopausal breast
cancer); K. Age-standardized mortality rate of breast cancer between 45 and 54 years of age (perimenopausal breast cancer); L. Age-
standardized mortality rate of breast cancer at > 55 years of age (postmenopausal breast cancer). Dark red bars represent countries with
a statistically significant increasing trend (AAPC > 0, P < 0.05). Light red bars represent countries with an increasing trend that is not sta-
tistically significant (AAPC > 0, P > 0.05). Light blue bars represent the countries with a decreasing trend that is not statistically significant

(AAPC < 0, P > 0.05).

child reduces breast cancer risk by approximately 10.5%2’.
Fertility rates remain low in high-income regions and high
in Sub-Saharan Africa, which had a lower lifetime risk of
developing breast cancer. Increased breast cancer burden in
less developed regions is primarily driven by factors, such as
environmental carcinogen exposure, chronic inflammatory
states resulting from infectious diseases, and dietary insuffi-
ciency?®. Reducing the breast cancer burden requires not only
addressing these modifiable macro-level risk factors but also
strengthening critical mediators, such as organized breast
cancer screening, public health policies, and socioeconomic
mechanisms.

Differentials in lifetime risk of dying from breast cancer
across regions are determined in part by inequalities in breast
cancer screening coverage and diagnostic accuracy, which lead
to variable rates of early detection across regions. Our research
indicated that low-HDI regions had the highest proportion
of lifetime risk of dying relative to developing breast cancer.
Globally, pronounced inequalities in lifetime risk of dying
from breast cancer are driven by low public awareness, insuf-
ficient screening coverage, delayed diagnosis, and inadequate
access to timely and effective treatment. A study reported that
67.5% of patients were diagnosed at stages III-IV with a 5-year
survival rate of only 33.5%. In contrast, countries, such as the
United States or Canada, have achieved early detection rates of
60-80% and survival rates of approximately 90%2%%°. An esti-
mated 40% of this disparity is attributable to delayed diagnosis,
while 30% is attributed to inadequate treatment. A key factor
was detected and treated at an early stage (I or II) in > 60%
of cases in all geographic areas that achieved a reduction in
breast cancer mortality from 1990 to 2020%. Although effective
screening implementation helps reduce mortality, maintain-
ing such programs in resource-limited regions remains chal-
lenging. Furthermore, access to timely and effective treatment
following diagnosis is often inadequate in these regions®®3!.
Equitable access to early detection and management is a pub-
lic health imperative, fundamental to securing sustained gains
in survival and well-being for the entire breast cancer popula-
tion. Countries with a high burden of breast cancer mortality

may need combination of strategies to reach the early detec-
tion threshold (60%)32.

The relationship between lifetime risk and health services
serving as indicators revealed significant inequalities in the
burden of breast cancer worldwide. Health system character-
istics associated with measuring health economic inequality
include the UHC Index, CHE per capita, CHE as a percent-
age of GDP, GGHE-D per capita, GGHE-D as a percentage of
CHE, and GGHE-D as a percentage of GGE (Figures $2-S9).
Within resource-constrained low-HDI areas, disparities in
breast cancer burden could be attributed to limited polit-
ical commitment to health investment, insufficient health
initiatives, and a shortage of feasible implementation plans.
Infrastructure remains a barrier for breast cancer preven-
tion in low- and middle-HDI areas. For example, radiation
therapy facilities are available in only 23 of the 52 African
nations, highlighting a continent-wide accessibility crisis*.
Furthermore, these regions face multiple systemic challenges,
including limited availability of cancer drugs, inadequate
transportation infrastructure to medical facilities, a severe
shortage of qualified healthcare professionals, and sociocul-
tural and religious barriers that restrict women’s access to
healthcare services**. Therefore, differentiated prevention and
control strategies tailored to HDI levels and health resource
availability are imperative. In very high-HDI countries with
abundant health resources where screening and treatment
accessibility is high, populations focus on enhancing screen-
ing precision, mitigating psychological repercussions, and
minimizing radiation exposure and subsequent risk of sec-
ondary primary cancers. Multipronged strategies are needed
to reduce the breast cancer burden for individuals in low- and
middle-HDI regions with limited health resources. These
strategies include raising public health awareness, imple-
menting government-organized screening programs by
mammography and/or ultrasound to improve the proportion
of cases with an early diagnosis and treatment, which is piv-
otal in reducing the disease burden3*-3,

The lifetime risk of breast cancer varies substantially with
age, which provides critical evidence for the age of onset in
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breast cancer screening programs and establishing national
prevention and control strategies in different countries, par-
ticularly in limited-resource areas. The remaining lifetime risk
is 1 in 20 for women 40 years of age, 1 in 23 women 50 years
of age and 1 in 31 for women aged 60 years of age. Overall,
the risk of developing and dying from breast cancer is relatively
low before 40 years of age and increases thereafter. Notably,
significant cross-national variations exist in age-specific breast
cancer risks. Low-HDI regions with limited health resources,
such as low-HDI regions in Africa, have a heavier burden of
pre- and peri-menopausal breast cancer that is influenced by
younger population structures as well as genetic and environ-
mental factors that together contribute to an earlier onset of
breast cancer®*. Similarly, Olopade identified a high incidence
of premenopausal breast cancer linked to BRCAI mutations
among young women in Africa that was associated with a poor
prognosis®®. In low-HDI regions 20.62% and 15.29% of the
total lifetime risk of developing and dying from breast cancer
occurred between 0 and 44 years of age, respectively. In con-
trast, these two proportions were significantly lower (11.86%
and 4.81%) in very high-HDI regions, such as Australasia,
Europe, and North America, where the risk of postmenopausal
breast cancer is notably elevated. Accordingly, screening strat-
egies should be tailored to regional health resource availability
and breast cancer burden. In regions with an increased lifetime
risk of dying from breast cancer, such as Africa and Asia, ini-
tiating screening at 40 or 45 years of age is recommended to
facilitate early detection and timely intervention. In very high-
HDI regions, such as Australia/New Zealand, Europe, and
North America, greater emphasis may be focused on screening
after 50 years of age to align with epidemiologic patterns and
optimize resource allocation. The age-specific and menopau-
sal status-stratified risk estimates provided in this study form
a critical evidence base for developing screening guidelines,
particularly in resource-limited areas. Each country should
balance the benefits and risks of screening, including overdiag-
nosis, potential psychosocial harms, and false-positive results.
This study had several strengths. First, the lifetime risk was
estimated by applying the AMP method, which could effec-
tively consider life expectancy and the competing risks of
other causes of death and multiple primary cancers. The AMP
method corrects for cancer registries that publish data on all
primary cancers arising each individual but does not over-
state lifetime risk when compared to the “current probability”
method (Table S4). Conventional cumulative risks (0-74 years
of age) may underestimate cancer risks in populations with a
higher life expectancy or lower competing death risks*’. The
lifetime risk of developing and dying from breast cancer pro-
vides an intuitive metric for comparative assessment of cancer
burden across populations. The lifetime risk of developing and
dying from breast cancer also provides the evidence-based
information for developing long-term healthcare planning
and cancer control. Second, by integrating GLOBOCAN 2022,

all-cause mortality data from the United Nations, and WHO
Global Health Expenditure data, our study provides a com-
prehensive global comparison of the lifetime risks of breast
cancer incidence and mortality across regions with varying
geographic and socioeconomic characteristics'®!®. Finally,
we systematically reported the age-specific lifetime risk prob-
abilities and risks stratified by age and menopausal status in
various regions/countries, providing essential information
for developing targeted breast cancer prevention and control
strategies®.

However, our study had some limitations. First, because
the AMP method is based on three assumptions, this method
is applicable to population-level rather than individual-level
estimation. While this assumption may not hold in the pres-
ence of shared risk factors, such as smoking or social depriva-
tion, the resulting impact on national-level aggregate estimates
is expected to be limited and is based on cross-sectional esti-
mates rather than cohort estimates of risk. It is important to
note that changes in breast cancer incidence, mortality, and
all-cause death, combined with the implementation of both
organized and opportunistic screening programs and evolving
lifestyle factors across regions, might contribute to dynamic
changes in lifetime risk over time, which were not accounted
for in our study. Rising incidence trends can lead to under-
estimation of future risk, while declining mortality rates can
produce overestimation of lifetime risk. Although we assessed
trends in breast cancer risk for selected regions between 2003
and 2017, the predominantly high socioeconomic level of the
included countries limits the extrapolation of these trends
to all global regions and nations?**!. Despite these assump-
tions, the AMP method provides a more precise lifetime risk
estimate than the cumulative risk (0-74 years of age) and the
current probability (first primaries only) because the AMP
method corrects for multiple primaries and covers the full
lifespan. The GLOBOCAN 2022 data utilized cancer registry
data and national population statistics from countries world-
wide to systematically calculate region- and country-specific
incidence and mortality rates. Data accuracy is dependent on
the availability and quality of the source information in each
country. Cancer registry coverage in many low-HDI regions
are limited, requiring modelling to estimate location- and
year-specific rates*’. Even areas with cancer registry data,
heterogeneity in representativeness and quality could lead to
appreciable uncertainty. Currently, only one in three coun-
tries currently able to report high-quality data. Excluding
countries with low-quality data confirmed the stability of the
global lifetime risk estimates but country-specific results for
data-limited countries should still be interpreted with caution
(Table S6). Third, due to the lack of specific pathologic sub-
type records in the database, our study did not conduct analy-
ses and assessments based on different types of breast cancer.
The epidemiologic impact of cancer demonstrates marked
heterogeneity across national varies, notably in populous
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nations, such as China and Russia, where demographic var-
iations substantially influence disease distribution patterns.
Consequently, the risk estimates in our study only reflect
aggregate population-level metrics rather than characterizing
region-specific risk profiles. Finally, individual-level data of
menopausal status was not collected in the cancer database, so
the status was estimated using age-based thresholds based on
WHO recommendations. Given that the timing of menopause
varies across individuals due to biological, genetic, and envi-
ronmental influences, applying a fixed age cut-off might lead
to the degree of misclassification bias.

Conclusions

This study provides visual evidence of global burden of breast
cancer and its inequality distribution worldwide. Compared
with the cumulative risk (0-74 years of age), the AMP-derived
lifetime risk directly quantifies the risk of developing or dying
from breast cancer across the full lifespan, accounting for
multiple primaries and competing risks. The global estimates
in 2022 indicated that 1 in 18 individuals was diagnosed with
breast cancer in their lifetime and 1 in 55 died from the dis-
ease with the probability of developing breast cancer increas-
ing globally. Epidemiologic disparities of breast cancer are
observed in different HDI regions and healthcare resource
countries globally with cancer lifetime risk providing an evi-
dence-based foundation for developing tailored prevention and
control strategies across different global regions and countries.
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