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Brazil, Russia, India, China and South Africa (BRICS) 
account for nearly half of the world’s population. We 
aimed to analyse mortality trends of breast cancer 
across the BRICS countries from 1990 to 2019. Breast 
cancer mortality estimates were obtained from the Global 
Burden of Disease Study 2019. An age–period–cohort 
model was adopted to estimate age, period and cohort 
effects on breast cancer mortality between 1990 and 
2019. Results showed that breast cancer caused 0.23 
million deaths across the BRICS countries in 2019, ac-
counting for 32.7% of the total death caused by breast 
cancer worldwide. China had the largest number of 
deaths, followed by India. All five BRICS countries 
showed positive percentage changes in deaths from 1990 
to 2019. The age-standardized mortality rates (ASMRs) 
in India, South Africa and China presented increased 
trends. South Africa presented the fastest increased rate 
with age. Downward period trends were observed in 
China, South Africa, Brazil and Russia, while an upward 
trend was seen in India, with the period rate ratio in-
creasing from 0.95 to 1.17. In conclusion, the disease 
burden of breast cancer is still heavy across the BRICS 
countries. It is important to pay more attention to elderly 
patients. The increasing disease burden must be addres-
sed multidimensionally, incorporating screening and early 
detection, timely and sufficient treatment and appro-
priate prevention. 
 
Keywords: Age–period–cohort model, breast cancer, 
BRICS, disease burden, mortality. 
 
BREAST cancer is the most commonly diagnosed cancer and 
the leading cause of cancer deaths among females world-
wide, which claimed about 6.9% of cancer-related deaths 
in 2020 globally1. Although the survival rate of breast 
cancer has improved in recent decades, its mortality is still 

increasing and varies from country to country2,3. The dis-
ease is usually detected at an advanced stage due to a lack 
of early symptoms, and the outcomes are even poorer for 
breast cancer with metastasis4. A review and analysis of the 
disease burden trend would be beneficial in understanding 
the impact of this disease on public health. 
 Brazil, Russia, India, China and South Africa (BRICS) 
constitute the political and economic coalition of countries, 
accounting for nearly half of the world’s population5. 
Global health is significantly affected by these five countries, 
which represent approximately 25% of global gross national 
income and account for around 40% of global disease 
burden6. Each country has its own culture, lifestyle and 
medical care system but shows huge inequities in healthcare 
delivery despite rapid economic growth. The lack of public 
spending on health has hindered progress towards universal 
health coverage, which hampered achievements in quality 
healthcare7. 
 These countries’ efforts to reform their health systems 
were undermined by the growing burden of non-commu-
nicable diseases (NCDs)8. Previously there were studies 
conducted using data from the global burden of disease 
(GBD) database to illustrate and compare burdens of some 
diseases across the BRICS, including type-II diabetes melli-
tus9, cardiovascular diseases10, chronic respiratory diseases11 
and infectious diseases12, showing different trend patterns 
over a certain period in individual BRICS countries. For 
breast cancer, the incidence and mortality were projected 
to continue to increase in China13. The rising breast cancer 
burden in other BRICS countries was also noticed14. How-
ever, research comparing the disease burden in these five 
countries is lacking. 
 Furthermore, several of these countries are experiencing 
an ageing population, which may lead to increased mortality 
of breast cancer due to age-related physical changes or 
symptoms15. Analysing epidemiological data of diseases 
in these five countries is of significance to understanding 
the global disease burden and regional disparity with respect 
to their great contributions to the global population and 
public health. 
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 The GBD study provides epidemiological data on the 
prevalence, incidence, mortality, years lived with disability 
(YLD), disability-adjusted life years (DALYs) and years of 
life lost (YLLs) for 286 causes of death, 369 diseases and 
injuries, and 87 risk factors from specific groups, in 204 
countries and territories by sex, age and year. In this study, 
we analyse the data from the GBD 2019 study with age–
period–cohort (APC) model web tool16 which is based on 
retrospective repeated measurement of cross-sectional data, 
systematically presenting the time trends of breast cancer 
mortality as well as their associations with age, period and 
birth cohort in the BRICS countries between 1990 and 2019. 

Methods 

Data sources 

The population data, mortality and age-standardized mor-
tality rates (ASMRs) data for age-standardized groups across 
BRICS were obtained from GBD 2019 study results, which 
systematically provided an estimation of the burden of 
359 diseases and injuries and 87 risk factors across ages, 
sexes, regions, and 204 countries and territories, from 1990 
to 2019 (refs 17, 18). All the estimated data were extracted 
from the website Global Health Data Exchange (GHDx) 
(http://ghdx.healthdata.org/gbd-results-tool), which was com-
pletely accessible online. The methodological details of 
GBD 2019 were described in previous studies17–19. In our 
study, ‘breast cancer’ was selected as the ‘cause’ with 
‘deaths’ chosen as the ‘measure’. For ‘years’, data for every 
year between 1990 and 2019 were determined to precisely 
track the secular trends. As for ‘location’, data were extract-
ed at the national level for each component of the BRICS 
countries respectively. Regarding ‘metrics’, the ‘number’ 
and ‘rate’ were selected for mortality data. For ‘age’, data for 
all ages and age-standardized rates were extracted, and 
both sexes were included for data analysis. 

Statistical analysis 

ASMR and estimated annual percentage change (EAPC) 
were adopted to quantify the breast cancer mortality trends. 
The EAPC was calculated to estimate the ASMR trend 
over a specific period. A regression line, y = α + βx + ε, 
was fitted to the natural logarithm of the mortality rates by 
taking ln(ASMR) and calendar year as dependent and in-
dependent variables respectively. The EAPC was calculated 
as 100 × (exp(β) – 1) with its 95% confidence interval (CI) 
obtained from the linear regression model20. The ASMR 
was regarded to be in an increasing trend if the EAPC esti-
mation and the lower boundary of its 95% CI were both 
larger than 0, while a decreasing trend was considered if 
the EAPC estimation and the upper boundary of its 95% 
CI were both smaller than 0. Otherwise, stable ASMR trends 
over time were considered. 

 APC model was adopted to evaluate the effect of age, 
period and birth control on breast cancer mortality16. Age 
effects refer to physiological changes and accumulated social 
experiences associated with ageing. Period effects describe 
changes in screening methods, medical technology appli-
cations, or disease classification standards over time. Cohort 
effects indicate the long-term trend of disease mortality 
among individuals born around the same time, which may 
be influenced by lifestyle, external factors and environmental 
exposure11,16. As an important parameter of the APC model, 
net drift represents the overall log-linear trend by period 
and birth cohort, presenting the overall annual percentage 
change of the ASMR over time, while local drift refers to 
the log-linear trend by period and birth cohort for specific 
age groups. The longitudinal age curve illustrates the ex-
pected age-specific rate in a reference cohort adjusted for 
period effects. The period rate ratios (RRs) are defined as 
the ratio of age-specific rates within a specific period relative 
to the reference period, while the cohort rate ratios (RRs) 
refer to the ratio of age-specific rates in each cohort rela-
tive to the reference cohort10,16. 
 For APC analysis, the population and mortality data were 
arranged into successive 5-year intervals from 1990 to 
2019, forming consecutive 5-year age groups from 15 to 
19 years, 80 to 84 years, and the corresponding successive 
19 birth cohorts (1905–1909, 1910–1914, … , 1995–1999), 
with 2000–2004 period and 1950–1954 cohort taken as 
reference. The age-period-cohort web tool provided by the 
National Cancer Institute was used to estimate the parameters 
(http://analy-sistools.nci.nih.gov/apc/)16, with Wald chi-
square tests employed to test the statistical significance. A 
two-sided p value lower than 0.05 was considered statisti-
cally significant. Furthermore, the 95% uncertainty intervals 
(UIs), determined by the 2.5th and 97.5th percentiles, 
were calculated to quantify the effects of uncertainty on the 
estimated mortality, which primarily resulted from varia-
tions of data accessibility and sample size, as well as specifi-
cations of the cause-specific model21. 

Results 

Time trends of breast cancer mortality 

According to the GBD 2019, breast cancer caused 0.23 
million deaths across the BRICS countries in 2019, which 
accounted for 32.7% of the total deaths caused by breast 
cancer worldwide (0.70 (0.65 to 0.95) million). Table 1 
presents the trends of breast cancer mortality in BRICS 
countries. The deaths from breast cancer varied among the 
BRICS. China had the largest number of deaths (96.3 (77.3 
to 118.0) thousand), followed by India with a number of 
83.5 (95% UI (64.6 to 106.0)) thousand in 2019. All five 
BRICS countries showed positive percentage changes of 
deaths from 1990 to 2019. The highest percentage change 
in deaths was observed in India which had increased by 

http://ghdx.healthdata.org/gbd-results-tool
http://analy-sistools.nci.nih.gov/apc/
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Table 1. Mortality and ASMR with percentage changes of breast cancer in BRICS between 1990 and 2019 

 Number of deaths ASMR (per 100,000) 
 

 1990 (95% UI) 2019 (95% UI) Change (95% CI) 1990 (95% UI) 2019 (95% UI) EAPC (95% CI) 
 

Brazil 8,883 
(8,554–9,203) 

20,121  
(18,758–21,373) 

1.27  
(1.12–1.42) 

9.66  
(9.21–10.02) 

8.43  
(7.83–8.97) 

–0.52  
(–0.68–0.36) 

China 41,804 
(34,550–49,509) 

96,306  
(77,323–118,090) 

1.3  
(0.76–2.02) 

4.74  
(3.96–5.57) 

4.85  
(3.91–5.92) 

0.06  
(0–0.12) 

India 26,924  
(22,338–31,252) 

83,510  
(64,550–105,994) 

2.1  
(1.33–3.06) 

5.56  
(4.6–6.47) 

7.12  
(5.53–9.01) 

0.75  
(0.59–0.91) 

Russia 16,692  
(16,236–17,297) 

23,778  
(19,601–28,319) 

0.42  
(0.18–0.68) 

9.46  
(9.17–9.8) 

10.4  
(8.55–12.41) 

–0.02  
(–0.39–0.35) 

South Africa 2,370  
(2,078–2,744) 

5,309  
(4,671–6,033) 

1.24  
(0.98–1.58) 

11.07  
(9.61–13.06) 

12.44  
(11.05–14.02) 

0.57  
(0.3–0.84) 

ASMR, Age-standardized morality rate; EAPC, Estimated annual percentage change. 
 
 
210%, followed by Brazil, with a percentage change of 
127%. 
 However, the highest ASMR was seen in South Africa 
(12.44 per 100,000 people) in 2019. Russia also had a rela-
tively high ASMR (10.40 per 100,000), but the EAPC of 
ASMR was slightly decreased (–0.02, 95% CI (–0.39 to 
0.35)). Additionally, Brazil showed a decrease in ASMR 
from 9.66 per 100,000 in 1990 to 8.43 per 100,000 in 2019 
with an EAPC of –0.52 (95% CI (–0.68 to –0.36)). In com-
parison, the ASMRs of breast cancer in India, South Afri-
ca and China presented increased trends, with India from 
5.56 per 100,000 in 1990 to 7.12 per 100,000 in 2019, 
South Africa from 11.07 per 100,000 in 1990 to 12.44 per 
100,000 in 2019 and China from 4.74 per 100,000 in 1990 
to 4.85 per 100,000 in 2019 respectively. 

Net drift and local drift in different age groups 

Net drift represents the overall APC of ASMR over time 
across the whole study period (Figure 1). Similar overall net 
drift values were observed in China (–0.47%, 95% CI (–0.75 
to –0.19)), Brazil (–0.45%, 95% CI (–0.58 to –0.31)), and 
South Africa (–0.42%, 95% (–0.91 to 0.06)), revealing the 
decline of breast cancer mortality during the study period. 
Additionally, Russia also presented a decreased mortality 
(–0.56%, 95% CI (–0.79 to –0.32)), whereas, India showed 
an elevated mortality rate (0.68%, 95% CI (0.52 to 0.85)). 
For females, the overall annual changes were similar to those 
shown in both sex groups (Figure 1 b), while the changes 
differed in males (Figure 1 c). 
 Local drift refers to the log-linear trend by period and 
birth cohort for specific age groups, presenting additional 
age variations in trends of breast cancer mortality. As illus-
trated in Figure 1, local drift values were below 0 for both 
sexes aged 15 to 44 in China, Russia and South Africa. 
However, for patients over 60 years of age, the local drift 
values were above 0, indicating worsened situations of 
breast cancer mortality for patients of older ages in these 
three countries. With regard to India, positive values were 

seen in all age groups from 15 to 84 for both sexes, but the 
corresponding values for specific age groups were all nega-
tive among Indian males, which demonstrated that the mor-
tality rates for Indian females predominantly contributed 
to the overall age variations in the mortality trend. The 
discouraging thing was that Chinese males aged 35 to 69 
rapidly increased mortality among the BRICS countries, 
especially for those aged 60 to 64 years (7.65%, 95% CI 
(7.12 to 8.18)). 

Age–period–cohort effects on breast cancer  
incidence and mortality 

Figure 2 illustrates parameter estimates of age, period and 
cohort effects on breast cancer mortality in BRICS from 
1990 to 2019. An expected exponential distribution for 
age effects across BRICS is shown in Figure 2 a. South 
Africa presented a rapid increase with age (0.10 to 284.56 
per 100,000 person-years), followed by Russia. 
 By contrast, China and India showed similar and gentle 
increases in mortality trends, from 0.07 to 55.62 per 100,000 
and from 0.07 to 56.35 per 100,000 person-years respecti-
vely. 
 Figure 2 b shows the estimated period effects on breast 
cancer mortality. Downward trends of period RRs could be 
observed in China, South Africa, Brazil and Russia. Parti-
cularly, more favourable trends were observed after 2005 
in Russia (0.95 to 0.82), Brazil (0.96 to 0.87) and South 
Africa (0.96 to 0.87). In comparison, an upward trend was 
seen in India, with period RR increasing from 0.95 to 1.17, 
showing the unfavourable mortality trends in recent decades. 
For cohort effects (Figure 2 c), flat trends were observed in 
the five individual countries. Brazil showed improvements 
in mortality across birth cohorts from a RR of 1.19 in 
1905 to 0.90 in 2000. On the contrary, India presented an 
increased RR from 0.83 in 1905 to 1.25 in 2000, suggest-
ing the deterioration of mortality trends. For China, Russia 
and South Africa, improvements in breast cancer risk were 
not so obvious. 
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Figure 1. Local drift with net drift values for breast cancer mortality (a) and sex differences (b and c) in BRICS from 1990 to 2019. 
 
 

 
 

Figure 2. Parameter estimates of age (a), period (b) and cohort (c) effects on breast cancer mortality in BRICS from 1990 to 2019. 
 
 
 To provide a more complete picture of the breast cancer 
burden in each population and help better interpret mortality 
rates, parameter estimates of age, period and cohort effects 
on breast cancer incidence in BRICS from 1990 to 2019 

were also presented in Figure 3. As illustrated in Figure 
3 a, breast cancer incidence in India gradually increased 
with age. South Africa presented the steepest increase for 
the 75–85 age group. Figure 3 b presents the estimated period
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Figure 3. Parameter estimates of age (a), period (b) and cohort (c) effects on breast cancer incidence in BRICS from 1990 to 2019. 
 
 
effects on breast cancer incidence. Prominent upward trends 
of period RRs were seen in China, India and Russia. For 
cohort effects (Figure 3 c), China, India and Brazil presented 
increased cohort RRs across the whole study cohort. 

Discussion 

To our knowledge, this was the first study to identify and 
compare the secular trends of breast cancer mortality in 
the BRICS countries. According to GBD 2019, the BRICS 
accounted for approximately one-third of breast cancer 
deaths worldwide. The large proportion that the BRICS 
contributed to was partly due to BRICS comprising nearly 
half of the global population. Especially for the developing 
world’s two giants, China and India, they gave rise to a large 
number of deaths across the BRICS. Since breast cancer 
incidence was much higher in females than males, the 
secular trends were predominantly determined by females, 
as shown in the local drifts in Figure 1. 
 Individual countries across the BRICS presented different 
mortality rates and time trends. All five BRICS countries 
showed positive percentage changes in deaths from 1990 
to 2019. The highest ASMR of breast cancer was seen in 

South Africa in 2019, and the ASMRs in India, South Africa 
and China presented increased trends. The APC model 
adopted to investigate the age, period and cohort effects 
on breast cancer mortality allows us to comprehensively 
detect the contributions of particular time period and series 
of birth cohorts exposed to risks. Results revealed similar 
net drift values in China, Brazil and South Africa. South 
Africa presented the fastest increased rate with age. Down-
ward period trends were observed in China, South Africa, 
Brazil and Russia, while an upward trend was seen in India, 
with period RR increasing from 0.95 to 1.17. 
 According to a study on cancer survival in Africa, Central 
and South America and Asia (SURVCAN-3) published in 
Lancet Oncology22, negligible differences were shown in 
countries in Central and South America, while evident dif-
ferences were observed in Asian countries. India had a lower 
median 3-year net survival rate of breast cancer than China 
and Brazil based on the diagnosis from 2008 to 2012 (ref. 
22). To provide a complete picture of breast cancer out-
comes, cancer mortality is discussed below. 
 China had the most breast cancer deaths, but its ASMR 
was the lowest among the BRICS. Additionally, China 
showed period improvements from 1990 to 2019. A previous 
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study also showed that the ASMR and DALYs decreased 
for Chinese females with breast cancer during 1990–2019 
(ref. 13). The improvements in mortality might be accounted 
for by increased investment in health. During the study 
period, the development of screening techniques and early 
diagnosis, enhanced medical treatment technology, better 
availability to basic public health services, and access to 
cancer care were likely to have served their roles in the 
mortality improvements23. The use of mammography in 
diagnostic practices has enabled early detection of breast 
cancer, leading to timely treatment and better survival rates24. 
As more people underwent mammography screening, the 
number of breast cancer cases detected at earlier stages 
increased. 
 This shift towards an earlier stage at diagnosis has resulted 
in a decrease in breast cancer mortality rates over time. 
Additionally, increased awareness of breast cancer symp-
toms and risk factors led to quickly seeking medical atten-
tion and screening, which contributed to earlier detection 
of breast cancer and improved survival rates. However, it 
is important to note that the impact of changes in diagnostic 
practices and awareness of breast cancer mortality trends 
may vary across different countries and populations25,26. 
For example, in low-income countries, where access to 
mammography and other screening tools may be limited, 
changes in diagnostic practices may have a smaller impact 
on breast cancer mortality trends compared to high-income 
countries where mammography screening is more widely 
available. Further, though breast cancer occurrence in 
males is rare, attention should also be paid to this issue. 
Male breast cancer in different age groups in China was 
rather distinct from females. Chinese males aged 35 to 69 
years had an extremely rapid increase in mortality among 
the BRICS countries. In a study conducted by Liu et al.13, 
it was found that China presented dramatically increasing 
incidence and mortality trends in male breast cancer in the 
past three decades, and it was predicted that the trends 
would continue to increase in the next 15 years. The higher 
mortality of male breast cancer compared with females 
was consistent with the poorer survival of breast cancer 
occurrence in males than females27. Therefore, enough atten-
tion should also be paid to Chinese male breast cancer 
cases in spite of their low incidence rate. 
 India had the highest percentage change of breast cancer 
deaths and the largest EAPC of ASMR from 1990 to 2019. 
Compared to females, gradual downward local drift values 
for Indian men indicated improvements in mortality among 
males in India. However, as illustrated in the result section, 
the overall age variations in the mortality were predominantly 
determined by Indian females, which showed a less opti-
mistic trend than that for Indian males. One of the earlier 
studies presented a broader picture of breast cancer epide-
miology and anticipated the disease burden to continue in-
creasing in Indian women28. Furthermore, the period trend 
was in an upward direction, which to some extent reflected 
the insufficiency in the pathways to breast cancer care. A 

possible factor might be the delayed diagnosis and treat-
ment of breast cancer in India29. In some regions, illiteracy, 
lack of awareness and financial constraints might contribute 
to the late diagnosis of breast cancer, thus increasing the 
mortality rate28. 
 Improvements in ASMR were observed in Brazil from 
1990 to 2019. It had the biggest reduction in EAPC among 
the BRICS. In the past decade, Brazil has shown a favour-
able period trend, which might be due to Brazil’s investment 
in health as well as the reform of primary health care. A 
previous study has shown that the level of access to the 
health care system for cancer patients may, to some extent, 
determine breast cancer mortality in Brazil30. 
 Therefore, adequate and timely treatment is significant 
in reducing the disease burden. Although certain efforts have 
paid off, some challenges still exist, like the rapidly ageing 
population, decline in healthy diet and physical activity 
and so on31. In the future, policies should be developed to 
optimize age structure, and specific needs and priorities 
should be evaluated to tackle challenges that may occur in 
the path of reducing the growing burden of breast cancer32. 
 In 2019, Russia ranked second in ASMR of breast cancer 
among the BRICS countries. Breast cancer mortality increa-
sed with age for Russian patients aged over 60 years, with 
the second fastest increase across the BRICS. However, 
what was encouraging was that the period RRs were lower 
than 0 over the whole study period. Especially in recent 
decades, a promising downward trend has been observed. 
Meanwhile, although the trend for birth cohorts was flat, it 
was favourable. The downward mortality trend for breast 
cancer in our findings was consistent with previous studies 
based on available and reconstructed data33,34. Russia’s re-
form in health care that had resulted in improving access 
and equality to health care was likely to have contributed 
to the encouraging trend7,35. 
 South Africa had the highest breast cancer mortality 
among the BRICS. Between 1990 and 2019, the EAPC of 
mortality was 0.57 (95% CI (0.30 to 0.84)), showing increa-
sed mortality trend. A previous study also reported increased 
ASMRs between 1997 and 2004 (ref. 36). An important 
factor for the discouraging mortality burden might be associ-
ated with a poor healthcare system. The quality of breast 
cancer care in sub-Saharan Africa should be promoted to 
help address the dismal cancer mortality37. With regard to 
the period trend, similar to the downward trend patterns in 
Brazil and Russia, South Africa, too has shown an impres-
sive result in the past decade. Additionally, the rapid increase 
with age in South Africa was noted, which raised the con-
cern of ageing situations that might result in significant 
changes in the patterns of disease burden in South Africa. 
 There are some limitations in our study. First, we only pre-
sent an analysis of data and show the time trends of breast 
cancer mortality from 1990 to 2019 since there is a lack of 
GBD data prior to 1990, and data after 2019 have not yet 
been released. Second, the data that GBD studies provide 
are systematic, standardized estimates of the global burden of 
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breast cancer without taking the data on the primary cause 
of death identification into account. As illustrated in previous 
studies5,38, this may cause inconsistencies between preva-
lence data for selected causes and primary cause of death. 
Additionally, the estimates for breast cancer mortality in 
individual countries largely rely on the quality and quantity 
of data used during the GBD modelling process. Some 
missing and unusable data for some countries might affect 
the estimates of mortality. Third, the effects of migration 
on estimates will not able to be considered. Fourth, the APC 
analysis is a method based on the population level, so it is 
possible for an ecological fallacy to occur. 
 Therefore, the study's interpretation should be cautiously 
handled while applying the analytical method at the indi-
vidual level. Future research can include data before 1990, 
thus presenting mortality trends over a longer period. The 
primary cause of death should also be considered and 
identified to avoid potential inconsistencies. 

Conclusion 

The BRICS countries accounted for approximately one-third 
of breast cancer deaths worldwide. All five BRICS coun-
tries showed positive percentage changes in deaths from 
1990 to 2019. The disease burden of breast cancer was still 
heavy across the BRICS countries, although a decline in 
breast cancer mortality during the study period was observed 
in BRICS, except in India. The age effects indicated that 
more attention should be paid to elderly patients. Meanwhile, 
the period trends suggested that developing screening tech-
niques and early diagnosis, enhanced medical treatment 
technology, better availability of basic public health services 
and access to cancer care are of great significance. Individual 
countries in the BRICS ought to appropriately learn from 
the experiences of effective efforts other countries have made, 
thus improving domestic disease management. The increa-
sing disease burden requires to be addressed in a multi-
dimensional manner incorporating screening and early 
detection, timely and sufficient treatment and appropriate 
prevention. 
 
Conflict of interest: The authors declare that they have no 
conflict of interest. 
 
Funding: This work was supported by the Special Fund Pro-
ject of Guangdong Science and Technology (2107281569- 
01524, 210728156901519), Medical Scientific Research 
Foundation of Guangdong Province, China (grant number 
A2021432), Shantou Medical Science and Technology 
Planning Project (grant number 21052126491457, 21062- 
5106490696, 220518116490772, 220518116490933), and 
the Administration of Traditional Chinese Medicine of 
Guangdong Province project (202205092315428030). 
 
Data availability statement: The database Global Burden of 
Disease (GBD) analysed for this study can be accessed at 
http://ghdx.healthdata.org/gbd-results-tool. 

 

1. Sung, H. et al., Global cancer statistics 2020: Globocan estimates 
of incidence and mortality worldwide for 36 cancers in 185 coun-
tries. CA Cancer J. Clin., 2021, 71, 209–249. 

2. Fitzmaurice, 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 2017: a systematic 
analysis for the global burden of disease study. JAMA Oncol., 
2019, 5, 1749–1768. 

3. Lin, L., Li, Z., Yan, L., Liu, Y., Yang, H. and Li, H., Global, re-
gional, and national cancer incidence and death for 29 cancer 
groups in 2019 and trends analysis of the global cancer burden, 
1990–2019. J. Hematol. Oncol., 2021, 14, 197. 

4. Milosevic, M., Jankovic, D., Milenkovic, A. and Stojanov, D., Early 
diagnosis and detection of breast cancer. Technol. Health Care, 
2018, 26, 729–759. 

5. GBD 2017 Causes of Death Collaborators, Global, regional, and 
national age-sex-specific mortality for 282 causes of death in 195 
countries and territories, 1980–2017: a systematic analysis for the 
global burden of disease study 2017. Lancet, 2018, 392, 1736–1788. 

6. Acharya, S. et al., Brics and global health. Bull. World Health  
Organ., 2014, 92, 386–386a. 

7. Marten, R. et al., An assessment of progress towards universal 
health coverage in Brazil, Russia, India, China and South Africa 
(BRICS). Lancet, 2014, 384, 2164–2171. 

8. Jakovljevic, M. B. and Milovanovic, O., Growing burden of non-
communicable diseases in the emerging health markets: the case of 
BRICS. Front. Publ. Health, 2015, 3, 65. 

9. Sun, P., Wen, H., Liu, X., Ma, Y., Jang, J. and Yu, C., Time trends in 
type-2 diabetes mellitus incidence across the BRICS from 1990 to 
2019: an age-period-cohort analysis. BMC Publ. Health, 2022, 22, 
65. 

10. Zou, Z. et al., Time trends in cardiovascular disease mortality 
across the BRICS: an age-period-cohort analysis of key nations 
with emerging economies using the global burden of disease study 
2017. Circulation, 2020, 141, 790–799. 

11. Bai, J., Zhao, Y., Yang, D., Ma, Y. and Yu, C., Secular trends in 
chronic respiratory diseases mortality in Brazil, Russia, China and 
South Africa: a comparative study across main brics countries from 
1990 to 2019. BMC Publ. Health, 2022, 22, 91. 

12. Liu, Q., Jing, W., Liu, M. and Liu, J., Health disparity and mortality 
trends of infectious diseases in BRICS from 1990 to 2019. J. Glob. 
Health, 2022, 12, 04028. 

13. Liu, N. et al., Burden, trends, and risk factors for breast cancer in 
china from 1990 to 2019 and its predictions until 2034: an up-to-
date overview and comparison with those in Japan and South Korea. 
BMC Cancer, 2022, 22, 826. 

14. Basu, P., Zhang, L., Hariprasad, R., Carvalho, A. L. and Barchuk, 
A., A pragmatic approach to tackle the rising burden of breast cancer 
through prevention and early detection in countries ‘in transition’. 
Indian J. Med. Res., 2020, 152, 343–355. 

15. Zhu, J. et al., Accelerated aging in breast cancer survivors and its 
association with mortality and cancer recurrence. Breast Cancer 
Res. Treat., 2020, 180, 449–459. 

16. Rosenberg, P. S., Check, D. P. and Anderson, W. F., A web tool for 
age–period–cohort analysis of cancer incidence and mortality rates. 
Cancer Epidemiol., Biomarkers Prevent., 2014, 23, 2296–2302. 

17. Murray, C. J. L. 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, 1223–1249. 

18. Vos, T. 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, 1204–1222. 

19. GBD 2019 Demographics Collaborators, Global age-sex-specific 
fertility, mortality, healthy life expectancy (hale), and population 
estimates in 204 countries and territories, 1950–2019: a compre-
hensive demographic analysis for the global burden of disease 
study 2019. Lancet, 2020, 396, 1160–1203. 

http://ghdx.healthdata.org/gbd-results-tool


RESEARCH ARTICLES 
 

CURRENT SCIENCE, VOL. 125, NO. 2, 25 JULY 2023 155 

20. Liu, Z. 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, 674–683. 

21. Ji, P., Gong, Y., Jin, M. L., Hu, X., Di, G. H. and Shao, Z. M., The 
burden and trends of breast cancer from 1990 to 2017 at the global, 
regional, and national levels: results from the global burden of dis-
ease study 2017. Front. Oncol., 2020, 10, 650. 

22. Soerjomataram, I. et al., Cancer survival in Africa, Central and 
South America and Asia (Survcan-3): a population-based bench-
marking study in 32 countries. Lancet Oncol., 2023, 24, 22–32. 

23. Goss, P. E. et al., Challenges to effective cancer control in China, 
India, and Russia. Lancet Oncol., 2014, 15, 489–538. 

24. Løberg, M., Lousdal, M. L., Bretthauer, M. and Kalager, M., Benefits 
and harms of mammography screening. Breast Cancer Res., 2015, 
17, 63. 

25. Solikhah, S., Promthet, S. and Hurst, C., Awareness level about 
breast cancer risk factors, barriers, attitude and breast cancer screening 
among Indonesian women. Asian Pac. J. Cancer Prevent., 2019, 
20, 877–884. 

26. Deandrea, S. et al., Presence, characteristics and equity of access to 
breast cancer screening programmes in 27 European countries in 
2010 and 2014. Results from an international survey. Prevent. 
Med., 2016, 91, 250–263. 

27. Chen, X., Liu, X., Zhang, L., Li, S., Shi, Y. and Tong, Z., Poorer 
survival of male breast cancer compared with female breast cancer 
patients may be due to biological differences. Jpn. J. Clin. Oncol., 
2013, 43, 954–963. 

28. Malvia, S., Bagadi, S. A., Dubey, U. S. and Saxena, S., Epidemio-
logy of breast cancer in Indian women. Asia-Pac. J. Clin. Oncol., 
2017, 13, 289–295. 

29. Kumar, A., Bhagabaty, S. M., Tripathy, J. P., Selvaraj, K., Pur-
kayastha, J. and Singh, R., Delays in diagnosis and treatment of 
breast cancer and the pathways of care: a mixed methods study 
from a tertiary cancer centre in north east india. Asian Pac. J. Can-
cer Preven., 2019, 20, 3711–3721. 

30. Caleffi, M. et al., Breast cancer survival in brazil: how much health 
care access impact on cancer outcomes? Breast, 2020, 54, 155–159. 

31. Schmidt, M. I. et al., Chronic non-communicable diseases in Brazil: 
burden and current challenges. Lancet, 2011, 377, 1949–1961. 

32. Anderson, B. O. et al., Optimisation of breast cancer management 
in low-resource and middle-resource countries: executive summary 
of the breast health global initiative consensus, 2010. Lancet Oncol., 
2011, 12, 387–398. 

33. Barchuk, A. et al., Breast and cervical cancer incidence and mortality 
trends in Russia 1980–2013. Cancer Epidemiol., 2018, 55, 73–80. 

34. Hirte, L., Nolte, E., Bain, C. and McKee, M., Breast cancer mortality 
in Russia and Ukraine 1963–2002: an age–period–cohort analysis. 
Int. J. Epidemiol., 2007, 36, 900–906. 

35. Rao, K. D., Petrosyan, V., Araujo, E. C. and McIntyre, D., Progress 
towards universal health coverage in BRICS: translating economic 
growth into better health. Bull. World Health Organ., 2014, 92, 
429–435. 

36. Singh, E., Joffe, M., Cubasch, H., Ruff, P., Norris, S. A. and Pisa, 
P. T., Breast cancer trends differ by ethnicity: a report from the 
South African National Cancer Registry (1994–2009). Eur. J. Publ. 
Health, 2017, 27, 173–178. 

37. O’Neil, D. S. et al., Breast cancer care quality in South Africa’s 
public health system: an evaluation using American society of clini-
cal oncology/national quality forum measures. J. Glob. Oncol., 2019, 
5, 1–16. 

38. Piffaretti, C., Moreno-Betancur, M., Lamarche-Vadel, A. and Rey, 
G., Quantifying cause-related mortality by weighting multiple causes 
of death. Bull. World Health Organ., 2016, 94, 870–879. 

 
 
 
ACKNOWLEDGEMENT. We thank the Global Burden of Disease (GBD) 
Study 2019 collaborators and GBD for providing open access to the data-
base. 
 
 
Received 23 October 2022; revised accepted 17 April 2023 
 
 
doi: 10.18520/cs/v125/i2/148-155 

 

 
 
 
 


	Methods
	Data sources
	Statistical analysis

	Results
	Time trends of breast cancer mortality
	Net drift and local drift in different age groups
	Age–period–cohort effects on breast cancer  incidence and mortality

	Discussion
	Conclusion

