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Strengths and limitations of this study

►► This study provides the first overview of current 
global patterns and long-term trends in breast 
cancer burdens stratified according to sociodemo-
graphic development.

►► The Gini coefficient and concentration index were 
used to evaluate the extent, trend and concentration 
of health inequalities caused by breast cancer.

►► The study was limited by the use of secondary 
estimated data from the Global Burden of Disease 
database, as the estimates for some countries with 
poor-quality raw data may have been biased.

Abstract
Objectives  Disparities in the global burden of breast 
cancer have been identified. We aimed to investigate 
recent patterns and trends in the breast cancer incidence 
and associated mortality. We also assessed breast cancer-
related health inequalities according to socioeconomic 
development factors.
Design  An observational study based on the Global 
Burden of Diseases.
Methods  Estimates of breast cancer incidence and 
mortality during 1990–2016 were obtained from the 
Global Health Data Exchange database. Subsequently, 
data obtained in 2016 were described using the age-
standardised and age-specific incidence, mortality 
and mortality-to-incidence (MI) ratios according to 
sociodemographic index (SDI) levels. Trends were 
assessed by measuring the annual percent change 
using the joinpoint regression. The Gini coefficients and 
concentration indices were used to identify between-
country inequalities.
Results  Countries with higher SDI levels had worse 
disease incidence burdens in 2016, whereas inequalities 
in the breast cancer incidence had decreased since 1990. 
Opposite trends were observed in the mortality rates of 
high and low SDI countries. Moreover, the decreasing 
concentration indices, some of which became negative, 
among women aged 15–49 and 50–69 years suggested 
an increase in the mortality burdens in undeveloped 
regions. Conversely, inequality related to the MI ratio 
increased. In 2016, the MI ratios exhibited distinct 
gradients from high to low SDI regions across all age 
groups.
Conclusions  The patterns and trends in breast cancer 
incidence and mortality closely correlated with the SDI 
levels. Our findings highlighted the primary prevention of 
breast cancer in high SDI countries with a high disease 
incidence and the development of cost-effective diagnostic 
and treatment interventions for low SDI countries with poor 
MI ratios as the two pressing needs in the next decades.

Introduction
Breast cancer is the most common type of 
cancer worldwide and the leading cause of 
cancer-related deaths among women, with an 

estimated 2.4 million new cases and 523 000 
deaths reported in 2015.1 A woman’s place 
of residence and socioeconomic status are 
significant determinants of the odds of devel-
oping breast cancer and the ultimate survival 
outcome.1 The breast cancer incidence rate 
is higher in high-income countries than in 
low-income and middle-income countries 
(LMICs).1–3 In many high-income countries, 
a better awareness of the risk factors, regular 
mammography screening and sufficient and 
effective medical services have led to signif-
icant decrease in breast cancer mortality 
rates in recent decades and stable or even 
decreasing incidence rates since 2000. 
However, breast cancer is not restricted to 
high-income countries. The low cancer inci-
dence rates in LMICs have not necessarily 
translated to lower cancer-related mortality 
rates.3–5 Both the breast cancer incidence 
and related mortality have increased in many 
resource-poor settings or countries, partially 
due to changes in reproductive patterns and 
delays in diagnosis and treatment, which are 
independent of an increase in breast cancer 
awareness.6 7
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Disparities in the global burden of breast cancer have 
been identified, especially among counties with different 
levels of development. Global health policy makers rely 
on understanding of the exact correlations between the 
disease burden and socioeconomic status to formulate 
appropriate measures according to local conditions. The 
Institute for Health Metrics and Evaluation first intro-
duced the sociodemographic index (SDI) in the Global 
Burden of Disease Study 2015 (GBD 2015) as a quanti-
tative measure of development in a country or region.8 
This study aimed to describe current patterns and trends 
in breast cancer incidence and mortality among countries 
according to national-level well-being by combining the 
latest SDI data with breast cancer incidence and mortality 
data collected between 1990 and 2016. This approach 
would enable a comprehensive investigation of the distri-
bution of breast cancer-associated health inequalities 
and related changes according to the level of national 
development.

Materials and Methods
Breast cancer was defined using code C50 from the Inter-
national Classification of Disease-Revision, 10th edition. 
Incidence and mortality data from 195 individual coun-
tries across five predefined SDI groups during 1990–2016 
were collected from the Global Health Data Exchange 
database.5 The annual incidence and mortality rates for 
subjects aged 15 to 95+ years were extracted for each 
involved country and stratified into 5-year age brackets. 
Detailed methods for estimating the age-standardised inci-
dence and mortality rates (ASIR and ASMR, respectively) 
per 100 000 women in a population were described in the 
GBD 2016 reports.3 4 Women aged 50–69 years comprised 
the largest population participating in regular screening 
programmes. We further calculated the age-specific inci-
dence and mortality rates per 100 000 women into three 
age subgroups: 15–49, 50–69 and 70+ (including 70) 
years, and these rates were adjusted according to the 
new world population age-standard.3 The mortality-to-in-
cidence (MI) ratio was calculated by dividing the breast 
cancer mortality rate for a given year, age group, country 
and SDI group by the corresponding incidence rate.

Patient and public involvement
Neither patients nor the public were involved in the 
recruitment and conduct of this study.

SDI
The SDI, a comparable metric of overall development, 
was calculated using the lag-distributed income per 
capita, average years of education in the population older 
than 15 years and total fertility rate, with equal weighting 
of these variables.9 The SDI is expressed using a scale 
of 0–1, with a greater value indicating a higher level of 
development. SDI data from the 195 countries involved 
in the study during 1990–2016 were obtained from the 
Global Health Data Exchange database.5 Countries were 

classified into the following quintiles based on their SDI 
values in 2016: high, high-middle, middle, low-middle 
and low SDI. Detailed methods describing the calculation 
of SDI and the selection of the quintile cutoffs have been 
previously reported.1 3

Gini coefficient and concentration index
We adopted the Gini coefficient and concentration 
index, which are used in the field of economics, to 
measure breast cancer-associated health inequalities in 
our study.10 11 The Gini coefficient is calculated based 
on the Lorenz curve. The coefficient ranges between 0 
and 1, with 0 and 1 representing perfect equality and 
total inequality, respectively.11 The annual ASIRs, ASMRs, 
age-specific incidence rates, age-specific mortality rates 
and MI ratios of breast cancer from the 195 included 
countries were used to calculate the Gini coefficients 
and describe trends in health inequality between coun-
tries from 1990 to 2016. The concentration index, which 
is derived from the concentration curve, is a common 
measure of socioeconomic-related health inequality.12 
The concentration indices were calculated by correlating 
the above-mentioned breast cancer metrics with the 
corresponding national SDIs. The concentration index 
values range between −1 and +1. A positive or negative 
concentration index value indicated that the breast 
cancer disease burden was more concentrated in coun-
tries with high or low levels of development, respectively, 
as measured by the SDI.12 The absolute index value was 
related to the degree of a ‘pro-developed’ or ‘pro-under-
developed’ distribution of health limitations. A value of 
zero indicated an absence of inequality associated with 
the socioeconomic gradient rather than an absolute 
absence of inequality.

Statistical analyses
We performed one-way analysis of variance (ANOVA), 
followed by pairwise comparisons with the Tamhane T2 
test to compare variables with normal distributions but 
heterogeneous variances, such as the incidence, mortality 
and MI ratio, across five SDI-based country groups.13 A 
linear regression model was used to test the correlations 
between indicators of the breast cancer burden and the 
SDI values. A joinpoint piecewise linear regression analysis 
was performed to identify the time points corresponding 
to significant changes and identify temporal trends in the 
age-standardised and age-specific incidence and mortality 
rates between 1990 and 2016.14 Default parameters were 
used for all analyses except for the minimum number 
of data points between two joints or at either end of the 
data; these two values were set to five. The maximum 
number of joinpoints was set to two to avoid overfitting 
at the truncating points. The best-fit point corresponding 
to a significant change in the rate was assessed using a 
permutation test and the p value for each test was esti-
mated using Monte Carlo methods.14 Statistics relating 
to the annual percent change (APC) for each segment 
and average annual percent change (AAPC) for the 
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Figure 1  Distribution of breast cancer incidence and mortality counts and proportions by age at the global level and SDI 
quintiles in 2016. SDI, sociodemographic index.

Figure 2  Patterns for breast cancer, in terms of age-standardised and age-specific (A) incidence rates, (B) mortality rates and 
(C) MI ratios by SDI group in 2016. Black squares represent the medians of all rates from the countries included in each SDI 
level. Lines denote the IQRs. *P<0.05, ***P<0.001. MI, mortality-to-incidence; SDI, sociodemographic index.

overall period were summarised using the optimal join-
point model. All joinpoint trend analyses were performed 
using joinpoint statistical software (V.4.5.0.1; Surveillance 
Research Program of the United States National Cancer 
Institute, Bethesda, Maryland, USA).15 The Gini coef-
ficient and concentration index values were computed 
using the AINEQUAL16 and CONINDEX modules17 of 
Stata 14.0 software (Stata, College Station, Texas, USA). 
Other statistical analyses were performed using SPSS 20.0 
software (IBM, Armonk, New York, USA).

Results
Current profiles in breast cancer incidence and mortality rates 
according to SDIs
Figure 1 presents the distribution of counts and propor-
tions of new breast cancer cases and related deaths in 
the 5 SDI groups during the year 2016. Approximately 
719 000 new cases were reported in high SDI countries, 
and this value was about 20 times higher than the 37 000 
new cases reported in low SDI countries. Moreover, 
162 000 and 32 000 deaths were reported in these groups, 
respectively. Approximately half of all new breast cancer 
cases occurred in women aged 50–69 years across all SDI 
groups. In middle, low-middle and low SDI countries, 
more than a third of new breast cancer cases were identi-
fied in women aged 15–49 years, and this group also had 
a higher proportion of deaths. In contrast, in high SDI 

countries, women aged 70+ years accounted for 50.9% 
of all reported breast cancer-related deaths. One-way 
ANOVA suggested significant differences in both the 
age-standardised and age-specific incidence rates and MI 
ratios (p<0.01) but not in the mortality rates among coun-
tries belonging to different SDI groups. Pairwise compar-
isons showed the mortality rates were not proportional 
to the corresponding high incidence rates in countries 
with higher level of development indicated by SDI, and 
the lowest MI ratios were observed in high SDI countries 
(figure 2). In all age groups, positive relationships existed 
between the incidence rates and SDI values and negative 
relationships existed between the MI ratios and SDI values 
(figure 3). Moreover, the MI ratios exhibited well-fitting 
linear relationships in all age groups, whereas the inci-
dence and mortality rates in older age groups were more 
scattered among countries with different SDIs.

Temporal trends in breast cancer incidence and mortality 
across SDI groups
According to the joinpoint trend analysis (table 1), the 
ASIRs in high and high-middle SDI groups plateaued 
after rapidly increasing in the early 1990s. In the high SDI 
group, the ASIR even exhibited a declining trend of 0.1% 
per year since 2000. In contrast, significant increases in 
the ASIRs were observed in the middle, low-middle and 
low SDI groups over the whole study period (online 
supplementary figure 1A). The AAPC in ASIR was 2.1% 
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Figure 3  Relationship between the incidence rates, mortality rates, MI ratios and SDI levels by age. The best-fitted line 
according to linear regression analysis was shown. MI, mortality-to-incidence; SDI, sociodemographic index.

for the middle SDI group, and this was the highest 
increase among the SDI groups. The trends in incidence 
rate changes among women aged 15–49, 50–69 and 70+ 
years were comparable with the ASIR values across the 
SDI groups (online supplementary table 1 and online 
supplementary figure 1B).

Changes in the ASMR varied across the SDI groups, as 
shown in table  2 and online supplementary figure 2A. 
In the high SDI group, the ASMR decreased continu-
ously from 24.2 in 1990 to 17.6 in 2016, with an AAPC of 
−1.3%. In the high-middle SDI group, the ASMR began 
to decline in 1994, with an accelerated decrease (APC: 
−1.9%) between 2004 and 2016. In the middle SDI group, 
the ASMR also decreased slightly from 2002 to 2016, with 
an average decrease of 0.5% per year. Opposite trends 
were observed in the low-middle (2002–2016, APC: 0.7%) 
and low SDI groups (2009–2016, APC: 0.8%), especially 
in more recent years. Although the patterns of change 
in the three age groups were similar to the ASMR in 
each SDI group, the degrees of change differed among 
the groups (online supplementary table 2 and online 
supplementary figure 2B). For example, among subjects 
aged 70+ years, we observed lesser decreases and greater 
increases in the mortality rate in more and less developed 
regions, respectively.

Global health inequality related to breast cancer
The Gini coefficients for the incidence of breast cancer 
continuously decreased from 1990 to 2016 (figure  4A). 
The values calculated from the ASIRs and incidence 

rates among women aged 15–49, 50–69 and 70+ years 
decreased to 0.33, 0.30, 0.34 and 0.38 by 2016, respec-
tively, from starting values of 0.38, 0.35, 0.39 and 0.43 
in 1990, respectively. Similarly, the Gini coefficients 
calculated using the mortality rates exhibited markedly 
declining trends over the same period in all age groups, 
except those aged 15–49 years. In contrast, the Gini coef-
ficients calculated using the age-standardised MI ratio 
distributions increased, from 0.23 in 1990 to 0.29 in 2016.

In 1990, all the concentration indices based on the 
breast cancer age-standardised and age-specific incidence 
and mortality rates exceeded zero, suggesting that the 
inequalities associated with socioeconomic development 
were more concentrated in countries with higher levels 
of development (as indicated by SDI). Moreover, the 
concentration indices were higher among subjects aged 
70+ years than in other groups. Both the concentration 
indices for the incidence and mortality rates decreased 
between 1990 and 2016, and the rate of decrease began 
to accelerate in the late 1990s (figure 4B). The concen-
tration indices for mortality rates in the age groups of 
15–49 and 50–69 years decreased below zero and became 
negative in 1998 and 2013, respectively. In contrast, the 
concentration indices based on age-standardised MI 
ratios and age-specific rate ratios for age groups of 15–49, 
50–69 and 70+ years were already below zero in 1990, 
with values of -0.21,–0.22, −0.22 and −0.18, respectively. 
By 2016, these values had decreased to –0.28, –0.31, −0.30 
and −0.25, respectively.
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Figure 4  Trends in (A) the Gini coefficients and (B) concentration indices calculated based on health metrics of breast cancer, 
in terms of age-standardised and age-specific incidence rates, mortality rates and MI ratios, across 195 countries worldwide 
between 1990 and 2016. MI, mortality-to-incidence.

Discussion
Socioeconomic development-associated inequalities in 
the global incidence of breast cancer have continued 
to decrease since 1990. However, countries with higher 
levels of development according to the SDI reported a 
worse burden of breast cancer incidence by 2016. Consis-
tent with the opposite trends in mortality rates between 
countries with high and low SDI values, the mortality 
concentration indices among women aged 15–49 and 
50–69 years have become negative in recent years. This 
phenomenon suggests a shift in the concentration of 
the mortality burden from developed to undeveloped 
countries. Conversely, both the overall inequality and 
inequality associated with socioeconomic development, 
which was calculated using the MI ratio, increased from 
1990 to 2016. In 2016, the MI ratio distribution exhibited 
a distinct gradient from high to low SDI countries across 
all age groups.

The availability of epidemiological data from individual 
countries has led to a prevailing perception that inequali-
ties exist in the global breast cancer incidence, especially 
between high-income countries and LMICs.18–21 However, 
there remains a paucity of quantitative evidence regarding 
the relationship between the global breast cancer burden 
and national levels of socioeconomic development. 
According to the GLOBOCAN 2012 estimates, the breast 
cancer incidence burden was distributed among coun-
tries at different human development index (HDI) levels, 
with obvious disparities.2 The results of that report are 
consistent with our results, which were based on the SDI 
and data from the GBD 2016 study. We observed that the 
overall inequality in the breast cancer incidence had not 
yet been eliminated and remained concentrated in coun-
tries with high SDI levels. This higher prevalence of breast 

cancer is somewhat associated with the so-called western 
lifestyle (ie, specific reproductive patterns and excessive 
body weight),22 23 and thus can be used as a marker of the 
extent of development. Our trend analyses demonstrated 
rapid increases in the breast cancer incidence rates of 
countries classified in the middle SDI group. This result 
suggests that countries with SDI levels near the middle of 
the spectrum were undergoing rapid social and economic 
changes during the study period.24 In many LMICs, the 
burdens of infection-related cancers, including cervical, 
gastric and liver cancer, remained higher than those 
of breast cancer.1 2 Moreover, high-income countries 
have generally implemented mammographic screening 
programmes, especially for women aged 50–69 years.25–27 
Consistently, our age-based subgroup analysis confirmed 
a transient increase in the incidence of breast cancer 
among women aged 50–69 years and a subsequent 
decrease among those aged 70+ years in countries with 
high SDI values.

The mortality rates did not differ significantly between 
low and high SDI countries. Inequalities in breast cancer 
deaths were possibly offset by better clinical outcomes 
in more developed countries due to early diagnosis and 
the development of advanced treatments; in contrast, 
the situation in most LMICs were characterised by a 
low incidence of breast cancer but limited access to 
healthcare services.28 29 Therefore, the mortality rates 
do not represent the exact trends and current statuses 
of the burdens of cancer-related death. Cancer survival 
is another important indicator used to evaluate the 
malignancy-related death burden. According to data 
from 59 countries in the CONCORD-2 study,30 the 
5-year survival rates of patients diagnosed with breast 
cancer during 2005–2009 were ≥85% in North America, 
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Australia, Israel, Brazil and most Northern and Western 
European countries but ≤60% in many LMICs, such as 
India, Mongolia, Algeria and South Africa. However, 
little comprehensive survival data were available from 
most countries, especially those with limited resources. 
Accordingly, the determination of the effects of socio-
economic development-associated inequalities on the 
survival rates of patients with breast cancer and compari-
sons of current survival statuses among various countries 
across the world remained critical issues. In this study, 
we analysed the trends in inequality of the breast cancer 
MI ratio, a marker used to estimate the extent to which 
actual mortality differs from the expected mortality rela-
tive to disease incidence; the marker has been suggested 
as an approximation of cancer survival.31–33 Our results 
suggest increasing disparities according to breast cancer 
MI ratios among countries with different levels of 
development.

The HDI, a metric comprising the life expectancy at 
birth, mean and expected years of education and gross 
national income per capita,34 was used to investigate the 
correlations between macro-socioeconomic determinants 
and national disease burdens.2 28 35 However, this index 
is not ideal for evaluating the effects of socioeconomic 
development on health because the measure relies on 
the overall health (i.e., life expectancy at birth), which 
could introduce bias. The SDI was initially developed in 
the GBD 2015 study, to determine the placement of coun-
tries or geographic areas on the spectrum of social devel-
opment.8 Given the role of reproductive patterns as risk 
factors for breast cancer,22 the SDI, a measure based on 
measures of income, education and fertility rate, might 
be more appropriate than the HDI when assessing the 
degree of influence of the socioeconomic status on global 
patterns and trends in health inequality associated with 
breast cancer.

To our knowledge, this study provides the first overview 
of global patterns and trends in breast cancer incidence 
and mortality according to the SDI. However, our results 
should be interpreted in light of the following limitations. 
First, this study is subject to the limitations of the GBD 
2016 study such as the data sources and statistical assump-
tions, as detailed in the related reports.3 4 For most LMICs, 
the estimates, particularly the MI ratios, might have been 
biased due to poor-quality raw data. Future studies will 
require better primary data from nation-wide observa-
tional studies or cancer registries. Second, the joinpoint 
analysis is particularly sensitive to parameter settings. 
Accordingly, trends in the patterns of incidence and 
mortality may change if the parameters are changed or 
more data are analysed. Third, the GBD 2016 database did 
not provide regional data within each country or informa-
tion about disease stages and histopathological character-
istics. In the USA, for example, nation-wide distributions 
and trends in breast cancer burden can differ by ethnicity, 
state, disease stage and intrinsic subtype.36 37 Therefore, 
more studies are needed to understand the global dispar-
ities more fully and to eliminate biases in the data.

Conclusion
The patterns and trends in breast cancer incidence and 
mortality closely correlated with the SDI levels. The 
health inequality associated with the breast cancer inci-
dence according to the SDI had been decreasing since 
1990. Countries with middle-level SDI values, which may 
have been experiencing shifts in economic and lifestyle 
factors, exhibited increasing incidence rates of breast 
cancer. Nonetheless, the incidence burden in 2016 
remained more concentrated in countries with higher 
SDI levels. These findings emphasise that public health 
clinicians and cancer control specialists should pay more 
attention to the primary prevention of breast cancer, espe-
cially in most developed countries with high incidence. 
In low-middle and low SDI countries, the actual breast 
cancer mortality rates differed greatly from the expected 
mortality rates based on the corresponding low incidence 
rates. Public health planners should implement more 
sensitive and cost-effective detection and treatment inter-
ventions to counteract the premature deaths caused by 
breast cancer, particularly in less developed countries 
with limited healthcare resources.
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