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Background: The incidence, mortality, burden of disability-adjusted life years (DALYs),
and attributable risk factors of breast cancer vary significantly by country or region,
particularly between developing and developed countries. This study aimed to analyze
breast cancer development trends in developing countries based on the influence
of the different sociodemographic indices (SDIs) and World Bank (WB) income-level
disease data from 1990 to 2019.

Methods: Data on the annual incidence, mortality, DALY, years of life lost (YLL)
prematurely, years lived with disability (YLD), and age-standardized rate (ASR) of breast
cancer from 1990 to 2019 in different countries and territories were obtained from
the 2019 Global Burden of Disease (GBD) Study. A comparative risk assessment (CRA)
framework was used to analyze the general risk factors.

Results: The global age-standardized incidence rate (ASIR) gradually increased from
21.44 per 100,000 population in 1990 to 24.17 per 100,000 population in 2019. It
rose precipitously to 2.91- and 2.49-fold, respectively, for countries with middle
SDIs and low-middle SDIs. The ASIR of breast cancer was increasing in the lower-
middle-income levels in WB, with an estimated annual percentage change (EAPC)
of 0.29 [95% uncertainty interval (Ul): 0.20-0.37] and reduced income (EAPC of 0.59
[95% Ul: 0.53-0.65]). The Solomon Islands and the United Arab Emirates observed
the most significant increase in the magnitude of deaths from breast cancer cases.
Compared to the death cases of 1990, percentage changes increased separately
by 1,169 and 851%. Compared to developed areas, breast cancer-related deaths
increased rapidly in developing regions, especially among the middle-aged and elderly
groups. Meanwhile, the long-term burden of breast cancer was ever expanding. Of all
the GBD regions, Oceania had the youngest age distribution. The deaths in the young
and middle-aged groups accounted for 69% in 1990 and 72% in 2019. Percentage
changes in deaths from the seven risk factors in low- to middle-SDI regions increased
significantly over time across all age groups. However, a diet with high red meat
and high body mass index (BMI) accounted for the most considerable increase in
the magnitude.

Conclusion: Public health policy regarding breast cancer is fundamental in
low- and medium-income countries. The development and adoption of cost-
effective screening and therapeutic solutions, the mitigation of risk factors, and the
establishment of a cancer infrastructure are essential.
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1. Introduction

Cancer is the second leading cause of death worldwide, placing
a significant economic burden on public health systems (1).
However, incidence and mortality rates, as well as the burden of
disability-adjusted life years (DALYs), of cancer vary significantly by
country or region, particularly between developing and developed
countries (2). In addition, various factors, including ecological,
environmental, demographic, and cultural factors, contribute
to a heterogeneous cancer incidence, mortality, and DALY
burden (3).

Breast cancer is the leading cause of death among women, and
its incidence ranks first among the most prevalent tumors in women.
According to the World Health Organization (WHO), ~2.26 million
new cases of breast cancer in women were diagnosed worldwide
in 2020, accounting for one in every eight cancer patients—making
breast cancer the world’s top most prevalent type of cancer (4).

Over the past three decades, breast cancer incidence and
mortality have increased in developing and developed countries (5).
The global incidence of breast cancer among women is predicted
to increase by 2035 (6). Despite improvements in breast cancer
survival, they differ significantly in different countries (7). This
is due to factors such as ineffective screening, detection, and
cost-effective treatment in the early stages of the disease (8).
Some studies showed that the global burden of breast cancer
among women continues to increase, particularly in developing
countries. Along with economic growth and changes in the
wave of industrialization that brought about increased labor force
participation by, education of, and emancipation of women, there
were changes in reproductive patterns such as younger menarche
ages, shorter breastfeeding periods, later marriage, and lower levels
of equality. In addition to these changes, changes in diets, lack of
physical activity, and leading a sedentary lifestyle are characteristics
of westernized lifestyles, increasing the risk of breast cancer in
women who have been less burdened in developing countries up
to date (9). Therefore, developing countries and regions need to
invest in breast cancer prevention, promote public awareness of
breast cancer risk factors, and develop policies to prevent this
disease (6).

2. Objectives

The study aimed to analyze breast cancer development trends
in developing countries based on the influence of different
sociodemographic indices (SDIs) and World Bank (WB) income
levels on breast cancer incidence, mortality, and DALYs from the
2019 Global Burden of Disease (GBD) data from 1990 to 2019. Based
on GBD in breast cancer, it could help provide timely assessment and
guidance to address these serious disease problems.

Abbreviations: YLL, years of life lost; ASR-YLL, age-standardized rate of years of
life lost; YLD, years lived with disability; ASR-YLD, age-standardized rate of years
lived with disability; EAPC, estimated annual percentage change; Ul, uncertainty

interval; Cl, confidence interval.
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3. Methods

3.1. Data source

Study data were obtained using the Global Health Data Exchange
(GHDx) query tool (http://ghdx.healthdata.org/gbd-results-tool), an
online data source tool. All available epidemiological data were
adopted in this ongoing global collaboration to assess health losses
caused by 369 diseases and 87 risk factors across 204 countries
and 21 GBD regions (1). Based on the social development index,
countries are classified into five SDI quintiles (high, high-middle,
middle, low-middle, and low). Regarding income levels, the WB
is divided into four levels, namely high income-level, upper-
middle income-level, lower-middle income-level, and low-income-
level regions. Furthermore, the world is divided into 21 GBD regions
by geographic locations.

Based on the GBD Study 2019, we gathered the annual incidence,
mortality, DALY, years of life lost (YLL) prematurely and years lived
with disability (YLD), and age-standardized rate (ASR) of breast
cancer from 1990 to 2019. DALY can be used to estimate the global
cancer burden, YLLs can be used to estimate the early mortality
burden related to breast cancer, and YLD reflects the number of years
living with short- or long-term health losses, weighted by disability
severity. In addition, DALY can also be calculated by combining YLL
and YLD measures of disease burden (10).

3.2. Estimation methods

In the GBD Study 2019, a comparative risk assessment (CRA)
framework was used to calculate the burden attributable to risk
factors, which is based on the amount of disease burden that can be
reduced by reducing exposure to specific risk factors to the theoretical
minimum risk exposure level (TMREL) (10). We estimated the mean
exposure level using the Bayesian meta-regression model (DisMod-
MR 2.1) and the spatiotemporal Gaussian process regression model
(ST-GPR) based on exposure levels revealed in a population-based
survey or report.

A detailed description of a framework for assessing GBD risk
factors is presented in the 2019 GBD risk factor study (10). We
determined the relative risk and outcome value using high-quality
literature studies after confirming their correlation. Finally, in this
study, alcohol consumption, high fasting plasma glucose (FPG), high
body mass index (BMI), a diet high in red meat, low physical activity,
secondhand smoke, and smoking were identified as the seven major
risk factors.

3.3. Attributable burden and statistical
analysis

To quantify breast cancer, incidence and mortality, ASRs,
DALYs, and the estimated annual percentage changes (EAPCs) were
calculated. The calculation formula of ASRs (per 100,000 population)
was developed based on a previous study (11). The formula for
calculating EAPC is as follows:
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ASR =

(ai, denotes the ith age class, and the number of persons (or
weight) (wi) in the same age subgroup i of the selected reference
standard population).

Age-standardized rate trends can be an important indicator of
changing disease and risk factor patterns. To reflect such trends
in time, we used a widely used ASR-EAPC measurement (12, 13).
EAPC is a concept developed to describe ASR trends within a
specified time interval, assuming a linear relationship between ASR
and natural logarithm. Thus, Y = « + BX + &, Y represents In
(ASR), X represents the calendar year, and ¢ represents the error term.
According to this formula, 8 determines whether ASR trends are
positive or negative. The formula for calculating EAPC is as follows:

EAPC = 100x [exp(B) — 1].

The linear model provides 95% confidence intervals (CIs) (14,
15). ASR tends to rise when EAPC and the lower CI are positive.
Conversely, in a downward trend, ASR exhibits a negative EAPC and
an upper CIL.

We used R (version 4.0.4, R core team) for all statistical analyses.
P-values of < 0.05 were considered statistically significant.

4. Results

4.1. Breast cancer-related incidence cases
and mortality in developing regions

Globally, the number of breast cancer cases increased to 2.00
million (95% uncertainty interval (UI): 1.83-2.17) in 2019 (Table 1).
Therein, there were 1.98 million (95% UI: 1.81-2.15) women with
breast cancer. Meanwhile, the global age-standardized incidence rate
(ASIR) gradually increased over the past 30 years, from 21.44 per
100,000 population (95% UL 20.65-22.10) in 1990 to 24.17 per
100,000 population (95% UT: 22.11-26.24) in 2019, with an EAPC of
0.33 (95% UTI: 0.28-0.38). Women and men showed similar trends.
In the past three decades, all SDI quintiles have experienced an
increase in breast cancer incidence. Middle and low-middle SDI
quintiles countries experienced a 2.91- and 2.49-fold increase in
breast cancer incidence, respectively. The middle SDI quintile showed
the fastest growth in ASIR for breast cancer, with an EAPC of 1.95
[95% UL 1.98-1.92], but decreased in the high SDI quintile over
the past three decades, with an EAPC of —0.27 [95% UL —0.37
t0 0.18].

From the WB income level, the incidence followed a global trend.
The incidence of cases increased faster at the WB lower-middle-
and upper-middle-income levels (2.43- and 2.17-fold, respectively)
between 1990 and 2019. ASIR for breast cancer increased at the WB
lower-middle-income level (EAPC of 0.29 [95% UI: 0.20-0.37] and
at the low-income level (EAPC of 0.59 [95% UI: 0.53-0.65]. On the
other hand, there was a decrease at the WB high-income level, with
an EAPC of —1.45 [95% UI: —1.50 to —1.40] (Table 1).

Changes in disease burden are primarily impacted by changes in
disease-associated mortality (16). Further analyses were conducted
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on the global and regional dynamics of breast cancer-related death
burden during this period. Globally, the age-standardized death rate
(ASDR) declined gradually from 1990 to 2019 (9.80 per 100,000
population [95% UT: 9.30-10.21] in 1990 and 8.62 [95% UI: 7.95-
9.25] in 2019), with an EAPC of —0.56 [95% UI: —0.6 to —0.51]. Both
men and women experienced similar trends. As SDI improved, total
breast cancer-related deaths increased in the 1990s. However, during
this period, breast cancer-related deaths have increased dramatically
in the low-SDI region (Table 1).

Death rates and DALY are used as indicators of the overall health
burden of breast cancer. DALY consists of YLL and YLD. Over the
past 30 years, there has been a significant increase in the incidence,
mortality, DALYs, YLLs, and YLDs of all breast cancer-related cases.
For instance, the total number of death cases increased steadily from
0.38 million (95% UT: 0.36-0.40) in 1990 to 0.70 million (95% UT:
0.65-0.75) in 2019 (Table 1). DALYs increased from 11.68 million
(95% UI: 11.17-12.26) in 1990 to 20.63 million (95% UI: 19.04-22.17)
in 2019 (Table 2). YLL and YLD in breast cancer were similar to
DALYs, and the trend was upward. The global ASR for mortality,
DALYs, and YLL gradually decreased, but YLD increased (Table 3).

By country, deaths attributable to breast cancer increased
most significantly in the Solomon Islands and the United Arab
Emirates (Figure 1A). Compared to 1990, the percentage change
increased separately by 1,169 and 851%. Furthermore, Qatar and
Djibouti also observed a significant increase in breast cancer-related
deaths (percentage change: 400-550%), whereas Denmark, Ukraine,
Georgia, and Greenland observed decreases (percentage change: 15—
30%). Moreover, the ASDR was observed in the Solomon Islands,
where it was much higher than elsewhere (37.1 [95% UI: 29.18-
46.81]). Moreover, the highest ASIRs were found in Monaco (78.51
[95% UL 57.30-101.60]) (Figure 1B). In contrast, the lowest ASDRs
were found in Korea and China in 2019 (4-5 per 100,000 population).
The fastest ASDR declines were seen in countries with relatively high
SDIs, such as Denmark and Greenland, with EAPCs ranging from as
low as —3.64 to —2.12 (Figure 1C). Over the past few decades, the
Solomon Islands exhibited a high ASDR and the sharpest increase in
ASDR, which may indicate that healthcare is a significant challenge.
Uzbekistan not only had the highest ASDR in the world but also
exhibited the sharpest increase in ASDR.

4.2. Age-wise distribution of breast cancer in
developing regions

As shown in Figure 2A, an increasing trend in the global breast
cancer burden was observed with age. Remarkably, most breast
cancer deaths occurred in the 35-54-year age group. In addition, all
age groups showed a marked increase in deaths in the low-to-mid SDI
regions, whereas they remained stable between 1990 and 2019 in the
high SDI and high-middle SDI regions.

The population was divided into four age groups: 15-44 (youth),
45-59 (middle-aged), 60-74 (middle-old), and 75-94 years (elderly).
Our analysis and comparison of a percentage change in deaths by the
group in different SDI regions from 1990 to 2019 were performed
(Figure 2B). Overall, the elderly had the highest increase in deaths,
followed by middle-aged people. The change in deaths in the 15-44-
year age group was highest in the high-middle SDI region. Values
in the high SDI region were in the negative range. As a result,

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1078191
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

UYIEaH 211aNd Ul S191UOI4

0

640" UISISIUOIY

TABLE 1 The incidence and death cases and their age-standardized rates of breast cancer in 1990 and 2019, and its temporal trends from 1990 to 2019.

Characteristics 1990 2019 1990-2019
Incidence ASIR Deaths ASDR Incidencev ASIR Deaths ASDR EAPC EAPC
No.x 103 per No.x 103 per No.x 103 per No.x 10° per of ASIR of ASDR
(95% UI) 100,000 (95% UI) 100,000 (95% UI) 100,000 (95% UI) 100,000 (95% UI) (95% UI)
(95% UI) (95% UI) (95% UI) (95% UI)
Global 876.99 21.44 380.91 9.80 2,002.35 24.17 700.66 8.62 0.33 —0.56
(849.69-903.82) (20.65-22.10) (364.81-396.71) (9.30-10.21) (1,832.15- (22.11-26.24) (647.38-751.56) (7.95-9.25) (0.28100.38) (—0.60 to —0.51)
2,172.54)
Sex
Male 9.37 0.539 5.89 037 25.14 0.65 12.10 0.33 0.91 —023
(8.81-9.97) (0.50-0.57) (5.43-6.37) (0.34-0.40) (22.23-27.79) (0.58-0.72) (10.69-13.32) (0.29-0.36) (0.76 t0 1.06) (—0.36 to —0.10)
Female 867.62 40.12 375.02 17.76 1,977.21 45.86 688.56 15.88 0.36 —0.51
(840.40-894.76) (38.78-41.33) (358.98-390.82) (16.93-18.51) (1,807.61~ (41.91-49.76) (635.32-739.57) (17.07-14.66) (0.31100.42) (—0.56 to —0.46)
2,145.21)
SDI
High 431.08 43.20 137.44 13.55 678.94 41.22 167.55 9.05 —027 -1.52
(416.85-440.22) (41.83-44.11) (130.74-140.80) (12.90-13.88) (606.88-753.70) (36.88-45.65) (151.81-176.81) (8.36-9.47) (~037t0—0.18) | (—156to —1.47)
High middle 228.48 20.93 104.54 9.98 516.51 26.00 165.93 831 0.68 —0.83
(220.96-236.31) (20.23-21.63) (100.73-108.32) (9.58-10.35) (464.37-574.12) (23.34-28.88) (152.74-179.59) (7.63-9.00) (0.77 10 0.59) (—0.95 to —0.71)
Middle 125.97 10.66 72,639.6 6.67 493.15 18.52 184.79 7.30 1.95 0.29
(116.28-136.06) (9.87-11.48) (67,619.4~ (620-7.17) (437.20-552.90) (16.43-20.76) (166.33-205.34) (6.60-8.12) (19210 1.98) (026 10 0.32)
78,672.4)
Low middle 66.10 9.58 46.52 7.23 230.77 15.38 127.41 8.94 1.54 0.63
(58.24-74.33) (8.39-10.74) (40.56-52.30) (6.24-8.14) (202.83-259.30) (13.54038- (110.48-144.92) (10.16-7.77) (144 t0 1.64) (05410 0.72)
17.27)
Low 24.85 9.24 19.51 7.79 81.72 13.51 54.46 9.83 1.28 0.75
(20.72-28.76) (7.66-10.79) (16.31-22.90) (6.47-9.30) (71.26-93.26) (11.93-15.22) (47.49-620.57) (8.59-11.12) (12210 1.34) (0.71 t0 0.80)
World bank income 876.46 2144 380.65 9.80 2,001.08 24.16 700.15 8.61 —0.56 0.32
level (849.17-903.28) (20.65-22.10) (364.57-396.46) (9.30-10.21) (1,831.00~ (22.1069- (646.95-750.98) (7.95-9.25) (—0.60 to —0.51) (02810 0.37)
2,171.13) 26.24)
World bank high 515.08 4224 169.90 13.68 807.38 41.13 208.02 9.35 ~145 -0.21
income (498.02-525.51) (40.89-43.09) (161.99-173.85) (13.05-14.01) (719.03-892.04) (36.84-45.46) (188.86-219.55) (8.66-9.80) (~150t0 —1.40) | (—032to —0.11)
World bank upper 205.71 12.46 104.23 6.78 706.36 2057 219.87 6.59 —0.18 1.78
middle income (190.77-221.83) (11.61-13.40) (96.58-112.32) (6.30-7.28) (618.57-807.16) (18.03-23.50) (197.74-244.69) (5.91-7.33) (—0.28 to —0.08) (171 t0 1.84)
World bank lower 137.99 11.56 93.10 8.38 437.28 16.45 238.60 9.56 0.29 1.09
middle income (126.21-150.04) (10.52-12.60) (84.51-102.40) (7.53-9.29) (388.68-486.73) (14.64-18.28) (210.29-267.15) (8.40-10.68) (02010 0.37) (1.00 t0 1.17)
World bank low 17.68 10.58 13.42 8.63 50.06 13.96 33.66 10.29 0.59 0.94
income (15.13-20.67) (9.03-12.22) (11.57-15.52) (7.41-9.95) (41.60-60.45) (11.75-16.66) (28.45-39.95) (8.77-12.07) (0.53 10 0.65) (0.86 t0 1.02)

ASIR, age-standardized incidence rate; ASDR, age-standardized death rate; CI, confidence interval; EAPC, estimated annual percentage change; UI, uncertainty interval.
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TABLE 2 The case numbers of disability-adjusted life years and age-standardized rates disability-adjusted life years of breast cancer in 1990 and 2019, and its temporal trends from 1990 to 2019.

Characteristics 1990-2019
DAVRES ASDALR DALYs ASDALR EAPC
No. x 103 per 100,000(95% Ul) No. x 103 per 100,000(95% Ul) of ASDALR
(95% UlI) (95% UI) (95% UI)
Global 11,681.06 275.32 20,625.31 247.63 —0.50
(11,169.25-12,261.81) (263.24- 288.77) (19,043.05-22,174.40) (228.68-266.08) (—0.56 to —0.45)
Sex
Male 154.37 8.18 315.13 7.96 0.14
(142.70-166.95) (7.54-8.82) (278.55-349.29) (7.03-8.80) (—0.01 to 0.29)
Female 11,526.68 524.87 20,310.19 473.83 —0.51
(11,021.13 —12,107.83) (501.78-551.15) (18,744.80-21,866.65) (437.30-510.51) (—0.57 to —0.45)
SDI
High 3,713.79 377.54 4,083.85 252.69 —153
(3,586.31-3,845.10) (364.84-390.67) (3,816.26-4,354.65) (237.71-269.32) (—1.58 to —1.48)
High middle 3,169.42 286.35 4,570.25 230.43 —0.99
(3,050.87-3,304.08) (275.39-298.36 (4,209.33-4,954.00) (212.17-249.87) (~1.10 to —0.87)
Middle 2,506.04 202.41 5,923.36 219.85 0.25
(2,334.45-2,721.72) (188.65-218.93) (5,318.52-6,558.62) (197.35-243.15) (0.2210 0.28)
Low middle 1,617.52 220.23 4,194.85 271.67 0.60
(1,427.99-1,826.03) (193.29-247.91) (3,622.48-4,785.99) (235.41-309.31 (0.49 t0 0.70)
Low 666.43 228.74 1,837.38 283.77 0.67

(563.64-771.96)

(192.186-266.75)

(1,599.79-2,101.74)

(248.2383-323.37)

(0.61t0 0.72)

World Bank Income level

11,673.11
(11,161.52-12,253.41)

275.27
(288.72-263.20)

20,609.55
(19,027.32-22,156.41)

247.58
(228.63-266.02)

—0.51
(—0.56 to —0.45)

World Bank High Income

4,604.68
(4,450.10-4,761.15)

383.00
(370.68-395.90)

4,998.86
(4,669.79-5,336.89)

259.14
(244.55-275.84)

—1.50
(=1.55to —1.45)

(3,146.73-3,696.76)

(185.74-217.02)

(5,880.50-7,289.31)

(171.33-212.11)

World Bank Lower Middle Income 3,212.41 253.93 7,951.67 290.00 0.31
(2,934.61-3,522.53) (232.08-279.24) (6,978.48-8,885.18) (255.10-323.87) (0.22 t0 0.39)
World bank upper middle income 3,405.14 200.48 6,556.36 190.77 —0.30

(=0.39to —0.21)

World bank low income

450.88
(385.34-529.88)

250.92
(216.00-293.06)

1,102.66
(917.42-1,330.13)

285.27 (240.23-341.13)

0.41 (0.33 to 0.49)

DALYs, disability-adjusted life years; ASR-DALYs, age-standardized rate of disability-adjusted life years; EAPC, estimated annual percentage change; UT, uncertainty interval; CI, confidence interval.
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TABLE 3 The cases number of years of life lost years lived with disability and their age-standardized rates of breast cancer in 1990 and 2019, and its temporal trends from 1990 to 2019.

Characteristics 1990 2019 1990-2019
YLL ASR-YLL YLD ASR-YLD YLL ASR-YLL YLD ASR-YLD EAPC EAPC
No.x 103 per 100,000  No.x 103 per No.x 103 per 100,000 No.x 103 per of ASR-YLL of
(95% UI) (©5%U)  (95%U) 100000  (95% Ul (95% Ul) (95%U) 100000  (95%Ul)  ASR-YLD
(95% UI) (95% UI) (95% Ul)
Global 11,067.66 260.26 613.40 15.06 19,240.05 23091 1,385.27 1672 —0.56 0.3
(10,628.42- (249.82-272.07) (431.91- (10.63-20.28) (17,814.22- (213.83-249.12) (971.37- (1174-22.56) | (=062 to —0.50) (0.28 10 0.35)
11,579.86) 830.18) 20,770.36) 1,873.27)
Sex
Male 147.80 7.81 6.58 0.37 296.60 7.48 18.53 0.48 0.09 11
(136.61-160.16) (7.22-8.44) (4.63-8.75) (0.26-0.49) (261.48-328.53) (6.60-8.26) (13.23-25.06) (0.34-0.64) (~0.06t0 0.23) (0.99 t0 1.27)
Female 10,919.86 496.80 606.82 28.07 18,943 45 442.14 1,366.74 31.69 —0.56 0.3
(10,484.22- (476.86-520.17) (427.20- (19.80-37.92) (17,533.33- (409.03-477.52) (956.85- (2217-42.81) | (=063 to —0.50) (0.32 10 0.40)
11,440.52) 821.21) 20,455.08) 1,845.10)
SDI
High 3,392.75 34551 321.05 32.03 3,569.30 221.63 514,55 31.06 —1.69 —02
(3,293.84- (335.91-351.15) (226.07- (22.51-43.38) (3,370.81- (211.80-230.03) (357.98-693.88) | (2139-41.97) | (—174to—163)  (—0.29to—0.11)
3,447.99) 433.57) 3,711.62)
High middle 3,009.69 27172 159.73 14.63 420903 21227 361.22 18.16 ~1.10 0.7
(2,898.29- (261.56-282.82) (112.87- (10.36-19.65) (3,887.63- (196.22-230.84) (248.88-490.41) (1251-246) | (~1.22t0—0.98) (0.68 10 0.83)
3,133.70) 215.24) 4,580.01)
Middle 2,426.28 195.72 79.76 6.69 5,601.21 207.80 32215 12.047 0.17 21
(2,252.95- (18193-212.19) (55.70- (4.70-8.93) (5,039.74- (187.11-230.73) (225.48-441.35) (8.45-16.45) (0.1310.0.20) (2.10102.19)
2,631.89) 106.84) 6,230.67)
Low middle 1,578.92 21471 38.60 5.52 4,055.58 262.48 139.27 9.18 0.56 17
(1,396.79- (188.56-241.79) (27.08-51.42) (3.89-7.37) (3,497.02- (227.39-299.51) (100.01-187.97) (6.60-12.30) (0.46 t0 0.67) (1.62t01.81)
1,780.26) 4,633.46)
Low 65251 223.67 13.92 5.06 1,790.13 276.19 4725 7.58 0.65 13
(550.78-754.61) (187.98-261.25) (9.79-18.84) (3.57-6.80) (1,555.49~ (240.76-315.95) (33.43-63.96) (5.43-10.12) (0.60 10 0.71) (13210 1.45)
2,051.60)
World Bank 11,060.06 26021 613.05 15.06 19,225.11 230.86 1,384.44 16.72 —0.56 0.31
Income level (1,0621.27- (249.78-272.03) (431.66- (10.63-20.28) (17,801.60- (213.78-249.06) (970.77- (2256-11.74) | (=062 to —0.50) (0.28 10 0.35)
11,572.22) 829.69) 20,754.39) 1,872.13)
World bank high 422088 3516 383.80 31.33 4,387.03 22815 611.84 30.99 ~1.66 —0.13
income (4,099.68- (342.19-356.77) (269.93- (22.02-42.62) (4,146.70~ (218.01-237.17) (42833-828.73) | (2150-41.99) | (—171to—160)  (—0.23to —0.03)
4284.12) 520.57) 4,567.73)
World bank lower 3,12937 247.03 83.04 6.90 7,682.18 279.98 269.48 10.02 0.28 121
middle income (2,860.47- (225.66-271.38) (58.57- (4.90-9.21) (6,726.70~ (245.95-313.22) (190-362.20) (7.07-13.37) (01910 037) (113 10 1.29)
3,431.47) 111.08) 8,614.87)
World bank upper 3,268.96 192.26 136.18 822 6,082.16 176.98 47420 13.787 —0.43 191
middle income (3,008.66- (177.38-208.22) (95.83- (5.80-11.09) (5,460.54- (158.97-197.61) (326.66-648.66) (9.49-18.80) | (—0.53 to —0.33) (1.85t0 1.98)
3,555.23) 184.25) 6,795.06)
World bank low 440,85 245.05 10.03 5.87 1,073.74 277.46 28.92 7.81 0.39 0.97
income (377.38-516.22) (210.81-284.57) (7.02-13.62) (4.12-7.89) (893.29-1,205.41) | (233.99-331.63) (19.99-39.63) (5.47-10.54) (0.32t00.47) (0.89 t0 1.06)
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FIGURE 1

in ASDRs in 204 countries and territories from 1990 to 2019.

Global death and incidence cases and death rates of breast cancer from 1990 to 2019. (A) Age-standardized death rates (ASDRs) in 204 countries and
territories in 2019. (B) Age-standardized incidence rates (ASIRs) in 204 countries and territories in 2019. (C) Estimated annual percentage changes (EAPCs)
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compared with the population in developed areas, mortality rates in
developing regions increased faster and significantly in the middle-
aged and elderly groups. Meanwhile, the long-term burden of breast
cancer was increasing. We also observed the same trend at the WB
income level, and the younger group showed negative values in high-
income regions. Low-income regions had the most significant change
in mortality among the elderly.

From 1990 to 2019, the proportion of breast cancer deaths among
the elderly was higher in the high SDI region than in the low
SDI region (Figure 2C). Among all GBD regions, Oceania had the
youngest age distribution; young and middle-aged groups accounted
for 69% of deaths in 1990 and 72% in 2019. Conversely, Western
Europe had the oldest distribution, accounting for 37% of deaths
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in 1990 and 52% of deaths in 2019. Additionally, only Western
Sub-Saharan Africa experienced a decline in the age of death.

4.3. Risk factors contribute to the majority of
breast cancer-related deaths in developing
countries

The burden of breast cancer is primarily due to metabolic
and behavioral risk factors in the global disease burden database.
ASDRs and DALY are attributable to seven risk factors, namely
alcohol consumption, high BMI, high FPG, a diet high in red
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FIGURE 2
Death cases of breast cancer and their changes by age groups in different regions. (A) The contribution of each age group (15-94 years) to the total
number of deaths between 1990 and 2019 globally and in territories with a low to high sociodemographic index (SDI). (B) Percentage changes in deaths
in the four age groups (15-44 years, 45-59 years, 60-74 years, and 75-94 years) between 1990 and 2019 globally and in territories with a low to high
SDI. (C) The four age groups as percentages of the total number of deaths globally and in territories with a low to high SDI and in 21 global burdens of
disease (GBD) regions in 1990 and 2019.
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meat, low physical activity, smoking, and secondhand smoke.
Compared with the risk factors for ASDR in 1990, smoking
and alcohol consumption decreased. In contrast, high FPG and
high BMI were ranked as significant contributors to increased
ASDR in 2019 (Figure 3A). These two risk factors have increased
rapidly in low SDI, low-middle SDI, and middle SDI regions
over the past three decades. Significantly, high BMI became
the top ASDR risk factor in 2019 in middle and high-middle
SDI regions. Although alcohol consumption, which contributes to
ASDRs, decreased in high SDI regions, it was the leading cause
of death in 2019. Furthermore, other factors are relatively stable,
and changes are not clear. Deaths attributed to DALYs followed
the same pattern as risk factors (Figure 3B). Death rates attributable
to high FPG increased considerably in low and low-middle SDI
regions but tended to remain flat in high-middle and high SDI
regions. Furthermore, between 1990 and 2019, the number of
DALYs due to alcohol consumption in breast cancer decreased
globally, and this trend is consistent in high and high-middle
SDI regions.

In the global level, there was a tremendous increase in breast
cancer mortality rate among the populations with high FPG and
high BMI in the middle-aged to elderly groups (Figure 3A). The
percentage changes in deaths due to the seven risk factors in low to
middle SDI regions increased significantly over time across all age
groups. Moreover, a diet high in red meat and a high BMI are the
largest increases in magnitude. Meanwhile, in the 15-44-year age
group, smoking exhibited nearly negative trends in the high-middle
and high SDI regions. Similarly, alcohol consumption and high BMI
exhibited negative trends in the high SDI region in the youngest
group (Figure 3C).

In 2019, ASDRs attributable to behavioral risk factors were
declining globally (Figures 4A-E). However, at the geographical
level, smoking increased in Eastern Sub-Saharan Africa, Eastern
Europe, Oceania, North Africa, and the Middle East regions.
On the other hand, developed regions, such as Western Europe,
Southern and Tropical Latin America, Australasia, and high-
income North America experienced significant reductions in ASDR
attributable to secondhand smoke; nevertheless, Oceania experienced
an increase during this time. ASDR attributable to a diet high in
red meat increased in most developing regions, such as Africa,
Latin America, and Asia. ASDR trends attributable to alcohol
consumption have increased similar to a diet high in red meat;
however, it is worth noting that South Latin America has declined
in 2019.

Globally and in major GBD regions, metabolic risk factors
contributed to increased deaths (Figures 4F, G). Notably, Oceania
had the highest ASDRs attributable to high FPG and high BMI in
2019. The GBD regions in Southeast Asia and Southern Sub-Saharan
Africa had the highest burden of high BMI. Southern Sub-Saharan
Africa also increased rapidly, resulting in high FPG.

5. Discussion

According to the 2019 GBD Study dataset, which compares
mortality, sex, and age groups across regions, countries, ages, and
timelines, this study offers an updated analysis of the global burden
and risk factors for breast cancer. Globally, the number of breast
cancer incidents increased from 0.88 million in 1990 to 2 million in

Frontiersin Public Health

10.3389/fpubh.2022.1078191

2019. Furthermore, ASIR changes increased by 12%. Globally, deaths
from breast cancer increased from 0.38 million in 1990 to 0.7 million
in 2019. However, global ASDR has been declining continuously
since 1990, suggesting that aging and population growth may have
contributed to this increase.

Our results showed that EAPC was positively associated with
ASIR and ASDR in low to middle SDI regions. It indicates that
some areas showed rapid growth. From the WB income level,
EAPC was positively associated with ASIR and ASDR in the WB’s
low- and lower- and middle-income levels in the period between
1990 and 2019. The results of this study suggest that breast cancer
prevention and treatment programs should not be ranked below
other public health problems in those countries. For example, The
Solomon Islands experienced high ASDRs for decades and a sharp
increase, indicating a significant healthcare concern. The situation
was especially perilous in Uzbekistan, where ASDR increased rapidly
and was the highest in the world.

In terms of the overall age distribution, most breast cancer deaths
were among people between the ages of 35-54. Compared with
developed areas, deaths in developing regions increased faster and
significantly in the middle-aged to elderly population. Meanwhile,
the long-term burden for breast cancer had been growing. A
similar trend was observed for the WB income level. The younger
group showed negative values in high-income regions. Low-income
regions experience the most significant change in deaths among the
elderly, while breast cancer awareness among the general public and
healthcare workers was poor in low-income countries (17). However,
according to a recent microsimulation study, raising awareness
and improving breast cancer treatment in low- and middle-income
countries can reduce mortality rates and improve survival rates
(18). Mammographic screening is also a major contributor (19). In
some Asian countries, women below 50 years are at a particularly
high risk of breast cancer. Due to an increasing number of
behavioral risk factors, such as late marriage, low equality rates, and
short breastfeeding periods, the mortality rate from the disease is
increasing in transition countries (20-22). Among of all GBD regions,
Oceania had the youngest proportion of breast cancer-related deaths.
Additionally, there was a downward trend of the age at death only
in Western Sub-Saharan Africa. Nevertheless, there is no change
in the age of the middle and middle-old population. Breast cancer
global burden is affected by a variety of adjustable factors including
parity, alcohol consumption, BMI, and contraceptive use, as well as
non-adjustable factors, including family history, age, and menopause
(23-25). This study presents an analysis of seven major risk factors
for breast cancer death and DALYs, including alcohol consumption,
high FGB, high BMI, a diet high in red meat, low physical activity,
secondhand smoke, and smoking.

Meanwhile, high BMI and high FGB were both found to be
potential risk factors for breast cancer deaths and DALYs. Globally,
these two risk factors showed an increasing contribution trend, with
rapid increases from 1990 to 2019 in low, low-middle, and middle
SDI regions. Irregular menstruation or fewer ovulatory cycles may
contribute to breast cancer risk and may be inversely associated with
BMI (26). In addition, premenopausal women with a high BMI have
lower estrogen levels because estradiol is substantially absorbed into
fat, and estrogen is cleared from the liver more rapidly (27). As a
result, controlling weight improves overall health (28). In addition
to the abovementioned risks, dense breast tissues in obese women
increases the risk of breast cancer in postmenopausal women (29).
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FIGURE 4
A predominant contribution of risk factors to breast cancer-related deaths in different regions and territories with a low to high SDI and in 21 GBD regions
in 1990 and 2019. (A—G) ASDRs attributable to smoking, secondhand smoke, alcohol consumption, a diet high in red meat, low physical activity, high
fasting plasma glucose (FPG), and high body mass index (BMI).

According to the study (30), high-income Western countries, Central
Asia, the Middle East, and North Africa suffered the most significant
increase in obesity. The reason for the increase may be due to changes
in body systems around the globe that promote high-calorie, low-
nutrient foods and reduced physical activity. As the BMI increases,
breast cancer risk increases, and Asians have a higher risk than
North Americans and Europeans. According to the research, older
women and those born more recently had high incidence rates in
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China. There may be a connection between these trends and lifestyle
patterns, such as changes in diet, decreased physical activity, and
increased obesity (9). For example, the prevalence of obesity in
Chinese adults tripled between 2004 and 2014, according to National
Chronic Disease and Risk Factor Surveillance data (31).

It has been demonstrated that alcohol consumption may
contribute to the risk of breast cancer (32-34). In addition,
breast cancer may be associated with alcohol consumption on a
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dose-response basis (35). Furthermore, alcohol consumption has
been linked to increased breast density (36). Although daily alcohol
consumption has declined significantly worldwide in the past three
decades, alcohol consumption is increasing in most developing
countries, such as Africa and Asia. In addition, we used the GBD data
to examine the influence of diets with high red meat on breast cancer
mortality. It has been observed that the ASDR trend associated with a
diet high in red meat is similar to alcohol consumption. However,
a low-fat diet significantly reduces the risk of death from breast
cancer (37). Therefore, the westernization of lifestyle contributed to
an increased risk of breast cancer-related deaths among women in
lower-SDI quintiles through a diet high in red meat. In another study,
healthy lifestyles were shown to lower the risk of breast cancer (38).

Current and former smokers both have a higher risk of breast
cancer than non-smokers, according to a meta-analysis study (39).
Furthermore, in 2019, developing regions such as Eastern Sub-
Saharan Africa, Eastern Europe, Oceania, North Africa, and the
Middle East regions experienced an increase in ASDRs attributable
to smoking. Moreover, during the same period, Oceania experienced
a significant increase in ASDRs attributable to secondhand smoke.

In recent years, higher SDI regions experience a reduction in
disease burden, while lower SDI regions experience an increase
in breast cancer burden. Over time, disparities could widen.
Furthermore, it is particularly important to prevent the acceleration
of these disparities. In addition, income levels, education, and health
insurance status need to be improved, which may affect healthcare
access and breast cancer stage at diagnosis. Changes in reproductive
patterns, such as having the first baby at a younger age, having
increased parity, using less hormone replacement therapy (HRT)
during menopause, and extending breastfeeding for a longer period,
are also measures that need to be taken. People should also reduce
smoking and drinking, exercise regularly, eat healthy food, stay in
shape, and have a healthy lifestyle (40). Non-genetic, modifiable risk
factors should be emphasized in countries with lower SDIs, and steps
should be taken to address attributable risk factors to reduce the
prevalence of breast cancer.

This study examined and revealed the latest trends and patterns
in global breast cancer incidence, mortality, DALYs, and the most
relevant risk factors, particularly in developing countries, over the
period of 1990-2019. Unlike other previous studies, this study
updated the global burden data of breast cancer. The results analyzed
the changes in trends in disease burden not only from a global scale
but also from different social development index regions, different
WB income levels, and 21 GBD countries over the past three decades.
Furthermore, four different age groups were analyzed in detail. Seven
risk factors attributable to breast cancer disease burden were also
analyzed in depth from the perspectives of age stratification and
geographic regions. This study summarizes breast cancer trends
in developing countries and provides more targeted guidance for
formulating public health policies.

6. Conclusion

In low- and medium-income regions (41), breast cancer
awareness and breast cancer misperceptions must be addressed
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in public health policies. The development and adoption of
cost-effective screening and therapeutic solutions, mitigation
of risk factors, and establishment of a cancer infrastructure
In addition, countries should their
burden and establish strategic priorities
reduce mortality and morbidity based on specific data on

are essential. assess

breast cancer to

local prevalence. Regular updates on disease conditions

within the GBD framework can be very helpful in providing

timely assessment and guidance to address these serious
disease problems.
6.1. Limitations

However, the 2019 GBD Study’s detailed and high-

quality analysis of GBD and risk factors for death has several
limitations. Data collected by various regions and countries
may vary in quality, comparability, accuracy, and degree of
omission. Some deviations inevitably occur in the estimated
values, even with many statistical methods. Furthermore,
variations in mortality and incidence may be partly explained
by changes in screening protocols rather than changes in

age-specific rates.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

LL and BZ: data curation (Equal). JK: writing-review and
(Supporting).  SL: (Supporting). HW:
conceptualization, supervision, and writing-review and editing

editing supervision
(Lead). All authors contributed to the article and approved the
submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers.
Any product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by the
publisher.

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1078191
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Lv et al.

References

1. Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi M, Abbasifard M, et al. Global
burden of 369 diseases and injuries in 204 countries and territories, 1990-2019: a
systematic analysis for the Global Burden of Disease Study 2019. Lancet. (2020) 396:1204—
22. doi: 10.1016/S0140-6736(20)30925-9

2. World Health Organization. Global Health Observatory. Geneva: WHO. (2020).

3. Naghavi M, Abajobir AA, Abbafati C, Abbas KM, Abd-Allah F, Abera SE et al.
Global, regional, and national age-sex specific mortality for 264 causes of death, 1980-
2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet. (2017)
390:1151-210. doi: 10.1016/S0140-6736(17)32152-9

4. Cao W, Chen HD, Yu YW, Li N, Chen WQ. Changing profiles of cancer burden
worldwide and in China: a secondary analysis of the global cancer statistics 2020. Chin
Med J. (2021) 134:783-91. doi: 10.1097/CM9.0000000000001474

5. Fitzmaurice C, Akinyemiju TE, Al Lami FH, Alam T, Alizadeh-Navaei R, Allen C,
et al. Global regional and national cancer incidence, mortality, years of life lost, years
lived with disability, and disability-adjusted life-years for 29 cancer groups, 1990 to
2016: a systematic analysis for the global burden of disease study. JAMA Oncol. (2018)
4:1553-68. doi: 10.1200/JC0O.2018.36.15_suppl.1568

6. LiY, Zheng J, Deng Y, Deng X, Lou W, Wei B, et al. Global burden of female breast
cancer: age-period-cohort analysis of incidence trends from 1990 to 2019 and forecasts
for 2035. Front Oncol. (2022) 12:2035. doi: 10.3389/fonc.2022.891824

7.Lin L, Yan L, Liu Y, Yuan E Li H, Ni J. Incidence and death in 29 cancer groups in
2017 and trend analysis from 1990 to 2017 from the Global Burden of Disease Study. J
Hematol Oncol. (2019) 12:96. doi: 10.1186/513045-019-0783-9

8. Ginsburg O, Bray F, Coleman MP, Vanderpuye V, Eniu A, Kotha SR, et al. The
global burden of women’s cancers: a grand challenge in global health. Lancet. (2017)
389:847-60. doi: 10.1016/S0140-6736(16)31392-7

9. Porter P. “Westernizing” women’s risks? Breast cancer in lower-income countries.
New England ]. Med. (2008) 358:213-6. doi: 10.1056/NEJMp0708307

10. Murray CJ, Aravkin AY, Zheng P, Abbafati C, Abbas KM, Abbasi-Kangevari M,
et al. Global burden of 87 risk factors in 204 countries and territories, 1990-2019:
a systematic analysis for the Global Burden of Disease Study 2019. Lancet. (2020)
396:1223-49. doi: 10.1016/S0140-6736(20)30752-2

11. Hung GY, Horng JL, Yen HJ, Lee CY, Lin LY. Changing incidence patterns of
hepatocellular carcinoma among age groups in Taiwan. J Hepatol. (2015) 63:1390-
6. doi: 10.1016/j.jhep.2015.07.032

12. Li NA, Deng Y, Zhou L, Tian T, Yang S, Wu Y, et al. Global
burden of breast cancer and attributable risk factors in 195 countries and

territories, from 1990 to 2017: results from the Global Burden of Disease
Study 2017. ] Hematol Oncol. (2019) 12:140. doi: 10.1186/s13045-019-
0828-0

13. Liu Z, Jiang Y, Yuan H, Fang Q, Cai N, Suo C, et al. The trends in incidence
of primary liver cancer caused by specific etiologies: results from the global burden
of disease study 2016 and implications for liver cancer prevention. J Hepatol. (2019)
70:674-83. doi: 10.1016/j.jhep.2018.12.001

14. Gao S, Yang WS, Bray E, Va P, Zhang W, Gao J, et al. Declining rates of hepatocellular
carcinoma in urban Shanghai: incidence trends in 1976-2005. Eur J Epidemiol. (2012)
27:39-46. doi: 10.1007/s10654-011-9636-8

15. Hankey BE Ries LA, Kosary CL, Feuer EJ, Merrill RM, Clegg LX, et al.
Partitioning linear trends in age-adjusted rates. Cancer Causes Control. (2000) 11:31-
5. doi: 10.1023/A:1008953201688

16. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour
LM, et al. Global burden of cardiovascular diseases and risk factors, 1990-
2019: update from the GBD 2019 study. ] Am College Cardiol. (2020) 76:2982—
3021. doi: 10.1016/j.jacc.2020.11.010

17. El Saghir NS, Adebamowo CA, Anderson BO, Carlson RW, Bird PA, Corbex
M, et al. Breast cancer management in low resource countries (LRCs): consensus
statement from the Breast Health Global Initiative. Breast. (2011) 20 (2011): S3-
11. doi: 10.1016/j.breast.2011.02.006

18. Birnbaum JK, Duggan C, Anderson BO, Etzioni R. Early detection
and treatment strategies for breast cancer in low-income and upper
middle-income countries: a modelling study. Lancet Global Health. (2018)
6:¢885-¢93. doi: 10.1016/52214-109X(18)30257-2

19. Devesa SS, Silverman DT, Young JL Jr, Pollack ES, Brown CC, Horm JW, et al.
Cancer incidence and mortality trends among whites in the United States, 1947-84. J
Natl Cancer Inst. (1987) 79:701-70.

20. Heer E, Harper A, Escandor N, Sung H, McCormack V, Fidler-Benaoudia
MM. Global burden and trends in premenopausal and postmenopausal

Frontiersin Public Health

13

10.3389/fpubh.2022.1078191

breast cancer: a population-based study. Lancet Glob  Health.

8:¢1027-e37. doi: 10.1016/52214-109X(20)30215-1

21. Sharma, R. Breast cancer burden in Africa: evidence from GLOBOCAN 2018. |
Public Health. (2021) 43:763-71. doi: 10.1093/pubmed/fdaa099

22. Sharma R. Global regional, national burden of breast cancer in 185 countries:
evidence from GLOBOCAN 2018. Breast Cancer Res Treat. (2021) 187:557-
67. doi: 10.1007/s10549-020-06083-6

23. Alegre MM, Knowles MH, Robison RA, O’Neill KL. Mechanics behind breast cancer
prevention - focus on obesity, exercise and dietary fat. Asian Pac J Cancer Prev. (2013)
14:2207-12. doi: 10.7314/APJCP.2013.14.4.2207

24. McPherson K, Steel CM, Dixon JM. ABC of breast diseases, breast
cancer-epidemiology, risk factors, and genetics. BMJ. (2000) 321:624-
8. doi: 10.1136/bm;j.321.7261.624

(2020)

25. Nindrea RD, Aryandono L, Fau-Lazuardi T, Lazuardi L. Breast cancer
risk from modifiable and non-modifiable risk factors among women in
Southeast Asia: a meta-analysis. Asian Pac ] Cancer Prev. (2017) 18:3201-
6. doi: 10.22034/APJCP.2017.18.12.3201

26. Key TJ, Pike MC. The role of oestrogens and progestagens in the
epidemiology and prevention of breast cancer. Eur J Cancer Clin Oncol. (1988)
24:29-43. doi: 10.1016/0277-5379(88)90173-3

27. Potischman N, Swanson P, Fau-Siiteri C, Siiteri RN, Fau-Hoover P, Hoover RN.
Reversal of relation between body mass and endogenous estrogen concentrations with
menopausal status. J Natl Cancer Inst. (1996) 88:756-8. doi: 10.1093/jnci/88.11.756

28. Rose DP, Vona-Davis L.
and obesity in affecting breast
8. doi: 10.1016/j.maturitas.2010.01.019

status
22:33-

Interaction between menopausal
cancer risk. Maturitas. (2010)

29. McTiernan A, Rajan B, Tworoger SS, Irwin M, Bernstein L, Baumgartner R, et al.
Adiposity and sex hormones in postmenopausal breast cancer survivors. J Clin Oncol.
(2003) 21:1961-6. doi: 10.1200/JC0O.2003.07.057

30. Sung H, Siegel RL, Torre LA, Pearson-Stuttard J, Islami E Fedewa SA, et al. Global
patterns in excess body weight and the associated cancer burden. CA Cancer J Clin. (2019)
69:88-112. doi: 10.3322/caac.21499

31. Sun D, Li H, Cao M, He S, Lei L, Peng J, Chen W. Cancer burden
in China: trends, risk factors and prevention. Cancer Biol Med. (2020) 17:879-
95. doi: 10.20892/j.issn.2095-3941.2020.0387

32. Singletary KW, Gapstur SM. Alcohol and breast cancer: review of epidemiologic
and experimental evidence and potential mechanisms. JAMA. (2001) 286:2143-
51. doi: 10.1001/jama.286.17.2143

33. Tjenneland A, Christensen ], Olsen A, Stripp C, Thomsen BL, Overvad
K, et al. Alcohol intake and breast cancer risk: the European Prospective
Investigation into Cancer and Nutrition (EPIC). Cancer Causes Control. (2007)
18:361-73. doi: 10.3390/nu13103582

34. Terry MB, Zhang FF, Kabat G, Britton JA, Teitelbaum SL, Neugut Al, et al.
Lifetime alcohol intake and breast cancer risk. Am ] Epidemiol. (2017) 186:541-
9. doi: 10.1093/aje/kwx118

35. Seitz HK, Pelucchi C, Bagnardi V, Vecchia CL. Epidemiology and pathophysiology
of alcohol and breast cancer: Update 2012. Alcohol Alcoholism. (2012) 47:204-
12. doi: 10.1093/alcalc/ags011

36. Park JW, Han K, Shin DW, Yeo Y, Chang JW, Yoo JE, et al. Obesity and breast
cancer risk for pre- and postmenopausal women among over 6 million Korean women.
Breast Cancer Res Treat. (2021) 185:495-506. doi: 10.1007/s10549-020-05952-4

37.Park JW, Han K, Shin DW, Yeo Y, Chang JW, Yoo JE, et al. Dietary modification and
breast cancer mortality: long-term follow-up of the women’s health initiative randomized
trial. J Clin Oncol. (2020) 38:1419-28. doi: 10.1200/JC0O.19.00435

38. Arthur RS, Wang T, Xue X, Kamensky V, Rohan TE. Genetic factors, adherence
to healthy lifestyle behavior, and risk of invasive breast cancer among women in the UK
biobank. J Natl Cancer Inst. 112:893-901. doi: 10.1093/jnci/djz241

39. Gaudet MM, Gapstur SM, Sun J, Diver WR, Hannan LM, Thun M], et al. Active
smoking and breast cancer risk: original cohort data and meta-analysis. ] Natl Cancer
Inst. (2013) 105:515-25. doi: 10.1093/jnci/djt023

40. Winters S, Martin C, Murphy D,
epidemiology prevention and screening. Prog Mol
151:1-32. doi: 10.1016/bs.pmbts.2017.07.002

41. Bank TW. Country and Lending Groups. (2015). Available online at: http://data.
worldbank.org/about/country-and-lending_groups#Lower_middle_income  (accessed
March 16, 2017).

Shokar NK. Breast
Biol Transl Sci.

Cancer
(2017)

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1078191
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(17)32152-9
https://doi.org/10.1097/CM9.0000000000001474
https://doi.org/10.1200/JCO.2018.36.15_suppl.1568
https://doi.org/10.3389/fonc.2022.891824
https://doi.org/10.1186/s13045-019-0783-9
https://doi.org/10.1016/S0140-6736(16)31392-7
https://doi.org/10.1056/NEJMp0708307
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1016/j.jhep.2015.07.032
https://doi.org/10.1186/s13045-019-0828-0
https://doi.org/10.1016/j.jhep.2018.12.001
https://doi.org/10.1007/s10654-011-9636-8
https://doi.org/10.1023/A:1008953201688
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1016/j.breast.2011.02.006
https://doi.org/10.1016/S2214-109X(18)30257-2
https://doi.org/10.1016/S2214-109X(20)30215-1
https://doi.org/10.1093/pubmed/fdaa099
https://doi.org/10.1007/s10549-020-06083-6
https://doi.org/10.7314/APJCP.2013.14.4.2207
https://doi.org/10.1136/bmj.321.7261.624
https://doi.org/10.22034/APJCP.2017.18.12.3201
https://doi.org/10.1016/0277-5379(88)90173-3
https://doi.org/10.1093/jnci/88.11.756
https://doi.org/10.1016/j.maturitas.2010.01.019
https://doi.org/10.1200/JCO.2003.07.057
https://doi.org/10.3322/caac.21499
https://doi.org/10.20892/j.issn.2095-3941.2020.0387
https://doi.org/10.1001/jama.286.17.2143
https://doi.org/10.3390/nu13103582
https://doi.org/10.1093/aje/kwx118
https://doi.org/10.1093/alcalc/ags011
https://doi.org/10.1007/s10549-020-05952-4
https://doi.org/10.1200/JCO.19.00435
https://doi.org/10.1093/jnci/djz241
https://doi.org/10.1093/jnci/djt023
https://doi.org/10.1016/bs.pmbts.2017.07.002
http://data.worldbank.org/about/country-and-lending_groups#Lower_middle_income
http://data.worldbank.org/about/country-and-lending_groups#Lower_middle_income
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Trend of disease burden and risk factors of breast cancer in developing countries and territories, from 1990 to 2019: Results from the Global Burden of Disease Study 2019
	1. Introduction
	2. Objectives
	3. Methods
	3.1. Data source
	3.2. Estimation methods
	3.3. Attributable burden and statistical analysis

	4. Results
	4.1. Breast cancer-related incidence cases and mortality in developing regions
	4.2. Age-wise distribution of breast cancer in developing regions
	4.3. Risk factors contribute to the majority of breast cancer-related deaths in developing countries

	5. Discussion
	6. Conclusion
	6.1. Limitations

	Data availability statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


