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Abstract 

Objective  Tobacco has been identified as a significant contributory element to the development of breast cancer. 
Our objective was to evaluate the spatiotemporal trends of tobacco-related breast cancer at the global, regional, 
and national scales during 1990–2019.

Methods  We extracted data on mortality, disability adjusted of life years (DALYs), age-standardized mortality rate 
(ASMR), and age-standardized DALYs rate (ASDR) from the Global Burden of Disease (GBD) study 2019. Estimated 
annual percentage change (EAPC) was computed to assess the temporal change in ASDR and ASMR.

Results  In 2019, the deaths and DALYs attributed to tobacco-related breast cancer were estimated to be 35,439 (95% 
UI: 22,179–48,119) and 1,060,590 (95% UI: 622,550–1,462,580), respectively. These figures accounted for 5.1% and 5.2% 
of the total burden of breast cancer. ASMR and ASDR increased in low SDI regions, remained stable in low-middle 
and middle SDI regions and declined in high and high-middle SDI regions. The burden of breast cancer attribut-
able to tobacco varied notably among regions and nations. Oceania, Southern Latin America, and Central Europe 
were the GBD regions with the highest number of ASMR and DALYs. There was a positive relationship between age-
standardized rate and SDI value in 2019 across 204 nations or territories. A negative association was observed 
between the EAPC in ASMR or ASDR and the human development index (HDI) in 2019 (R = -0.55, p < 0.01 for ASMR; 
R = -0.56, p < 0.01 for ASDR).

Conclusion  Tobacco is one important and modifiable risk factor for breast cancer. The heterogeneity in both the spa-
tial and temporal distribution can be attributed to factors such as aging, population growth, and SDI. These findings 
substantiate the necessity of expediting the enforcement of tobacco-free legislation in order to safeguard popula-
tions from the detrimental effects of tobacco.
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Introduction
Breast cancer is the most frequently diagnosed can-
cer, accounting for 24.2% of all cancer cases worldwide 
among females [1]. It is recognized as the primary factor 
for cancer-related mortality among women [2, 3]. Vari-
ous lifestyle risk factors contribute to the development 
of breast cancer, including consumption of alcohol and 
tobacco, obesity, and low physical activity [4]. Tobacco 
is acknowledged as a prominent risk factor contribut-
ing to approximately 200 million deaths and imposing 
economic costs amounting to $1 trillion over the three 
decades [5, 6]. Tobacco could also consistently release a 
substantial number of carcinogens, leading to millions 
of annual cancer-related deaths [7]. It has been reported 
that tobacco is closely linked to a modest yet significantly 
higher risk of breast cancer [8].

Thus far, numerous studies have been conducted to 
examine the global trends of breast cancer [9, 10]. There 
is a positive association between long-term smoking and 
the breast cancer risk [11, 12]. However, the epidemio-
logical patterns and trends of tobacco-associated breast 
cancer remain unknown on a national, regional, and 
global scale. To enhance the formulation of health poli-
cies and lifestyle guidelines, it is worthwhile to consoli-
date and compare various metrics and trends pertaining 
to tobacco-related breast cancer from multiple perspec-
tives. In this study, we assess the spatial and temporal 
progression of female breast cancer attributed to tobacco 
using data from the Global Burden of Disease (GBD) 
2019 study.

Methods
Data sources
The GBD 2019 study, a collaborative multinational 
research effort, provided estimations of the burden of 329 
diseases across 204 countries or territories, 21 regions, 
and 7 super-regions for the period of 1990–2019 [13]. 
The risk factors encompassed metabolic, occupational, 
environmental, and behavioral factors, including tobacco 
use. The data regarding the numbers and age-standard-
ized rates (ASR) of tobacco-related breast cancer death 
and disability adjusted of life years (DALYs) from 1990 to 
2019, categorized by age, region, country, were extracted 
from the GBD 2019 study using the online Global Health 
Data Exchange query tool (GHDx, http://​ghdx.​healt​
hdata.​org/​gbd-​resul​ts-​tool). The information on human 
development index (HDI) among nations was obtained 
from the United Nations Human Development Report 
(http://​hdr.​undp.​org/​en/​data).

Estimated breast cancer burden due to tobacco
In GBD 2019 study, tobacco use encompassed multi-
ple modalities, including current or past usage of any 

smoked tobacco product, current use of any chewing 
tobacco product, and the average daily exposure to air 
particulate matter from second-hand smoke [14].

Mortality data were estimated using a combination of 
high-quality cancer registered incidence and modeled 
mortality-to-incidence ratio. This estimation involved the 
application of spatiotemporal Gaussian process modeling 
techniques. DALYs were represented by the sum of years 
lived with disability (YLDs) and years of life lost (YLLs). 
One DALY was equivalent to one healthy year lost. ASRs, 
such as age-standardized mortality rate (ASMR) and age-
standardized DALYs rate (ASDR), were utilized usually to 
compare the disease burden while accounting for varia-
tions in age structures, which were more accurate epide-
miological assessments.

The individuals were classified into four distinct age 
groups (25–40, 40–55, 55–70, and 70 +) to assess the dis-
tribution of the disease across different age ranges. The 
socio-demographic index (SDI) was calculated according 
to national income per capita, total fertility rate among 
individuals younger than 25, and average schooling years 
among persons older than 15 [13]. Countries and ter-
ritories were categorized into five subgroups based on 
SDI values, namely: low, low-medium, medium, high-
medium, and high SDI groups.

Statistical analyses
We calculated the estimated annual percentage change 
(EAPC) to assess the temporal trends of ASMR and 
ASDR over the past 30 years. The equation was set as 
follows: Y = α + βX + ε. In this linear regression model, 
X represents the calendar year, Y refers to the natural 
logarithm of ASDR or ASMR, ε indicates the error term. 
EAPCs were evaluated as 100 × (exp(β) – 1). We also cal-
culated relevant 95% confidence interval (CI) by linear 
regression model mentioned earlier [15]. If the 95% CI is 
below 0, it suggests a declining trend. Conversely, if the 
95% CI is above 0, it indicates an upward trend in the 
ASR. A stable trend is indicated when the 95% CI encom-
passes zero. Pearson’s correlation analysis was conducted 
to examine the association between the EAPC estimates 
and SDI in the year 2019. R program (Version 4.12) was 
used for statistical analysis and visualization.

Results
Global breast cancer burden attributable to tobacco
Out of the total breast cancer burden, the proportion of 
deaths and DALYs attributable to tobacco were estimated 
to be 5.1% and 5.2% respectively in 2019 (Fig.  1). The 
number of breast cancer deaths associated with tobacco 
witnessed an approximate increase of 35% during the 
past three decades, rising from 25,857 (95% UI: 17,283–
34,333) to 35,439 (95% UI: 22,179–48,119) (Table  1). 

http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://hdr.undp.org/en/data
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Concurrently, there was a significant increase in the cor-
responding DALYs, with a surge of approximately 30%, 
escalating from 805,990 (95% UI: 515,630–1,087,750) 
to 1,060,590 (95% UI: 622,550–1,462,580). By con-
trast, ASMR and ASDR were recorded as 0.82 (95% UI: 
0.51–1.11) and 24.60 (95% UI: 14.37–34.04) per 100,000 
population in 2019, indicating a declining trend, as evi-
denced by the negative EAPC (-1.55 for ASMR; -1.59 for 
ASDR) (Table 1, Fig. 2A and B). The deaths and DALYs in 
the regions with low, low-middle and middle SDI expe-
rienced an annual increase (Fig.  2C and D), while the 
relevant ASMR and ASDR in high-middle and high SDI 
regions exhibited a continuous decrease from 1990 to 
2019 (Fig. 2E and F). The percentage of deaths and DALYs 
among these patients aged younger than 40 showed a 
slight decrease over the 30-year period. Conversely, there 
was a slight increase in these figures for individuals aged 
70 and above (Figure S1).

Regional breast cancer burden attributable to tobacco
At the SDI-regional level, both the number of deaths 
and DALYs across five SDI regions in 2019 exceeded the 
corresponding values recorded in 1990 (Table 1). Quan-
titatively, there was a noticeable increase in the number 
of deaths and DALYs, as well as an increase in ASMR 
and ASDR, with the progressive rise in regional SDI in 
2019. A noticeable decline in both ASMR and ASDR 
was observed in regions with high and high-middle SDI, 
with an EAPC of less than -1. By contrast, in low-mid-
dle and middle SDI regions, the improvement in ASMR 
and ASDR was less notable, as indicated by the EAPC 
approaching zero. It was important that low SDI region 

had a slight increase of ASMR (EAPC: 0.62, 95% UI: 
0.55–0.68) and ASDR (EAPC: 0.49, 95% UI: 0.42–0.57).

In 2019, the GBD regions with the highest estimated 
death and DALYs due to tobacco-related breast can-
cer were Western Europe, recording 6,654 deaths and 
17,7650 DALYs, East Asia with 4,880 deaths and 150,580 
DALYs, and South Asia with 4,744 deaths and 153,470 
DALYs (Table  1). Oceania was estimated to have the 
highest ASMR (3.03 per 100,000) and ASDR (97.48 
per 100,000) attributed to tobacco-related breast can-
cer, followed closely by Southern Latin America (2.07 
per 100,000 for ASMR, 57.03 per 100,000 for ASDR) 
and Central Europe (1.72 per 100,000 for ASMR, 51.51 
per 100,000 for ASDR). From 1990 to 2019, ASMR and 
ASDR of tobacco-related breast cancer exhibited a down-
ward trend in most regions worldwide. However, a slight 
upward trend of ASMR and ASDR with a positive EAPC 
was observed in North Africa and Middle East, Oceania, 
Central Sub-Saharan Africa, Eastern Sub-Saharan Africa, 
and Western Sub-Saharan Africa.

Based on Fig.  1, the death and DALYs proportion 
attributable to tobacco exhibited a similar regional dis-
tribution in 1990 and 2019. The contribution of tobacco 
to breast cancer death and DALYs declined in all GBD 
regions from 1990 to 2019, except for Eastern Europe and 
Eastern Sub-Saharan Africa.

Countries and territories trends of breast cancer 
attributable to tobacco
At the national level, the burden of tobacco-related breast 
cancer varied significantly across 204 countries or terri-
tories in 2019 (Table S1). An upward trend in ASMR was 
documented in 88 countries or territories, a downward 
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trend was observed in 95 countries or territories, and a 
stable status was recorded in 21 countries or territories. 
Furthermore, we noted an increase in ASDR in 76 coun-
tries or territories, a decrease in ASDR in 96 countries 
or territories, and a stable ASDR in the remaining 32 
countries or territories. China had the highest number of 
deaths (4,671, 95% UI: 2,024–7,572) and DALYs (143,660, 
95% UI: 56,490–233,810), followed by United States of 
America and India (Tables S2 and S3). The highest esti-
mated national-level ASMR and ASDR in 2019 were 
documented in specific countries within Oceania (such 
as Solomon Islands, Nauru, Tuvalu, and Papua New 

Guinea) as well as Central Europe (including Montenegro 
and Serbia) (Fig. 3A and B, Tables S4 and S5). Solomon 
Islands, Lesotho, and Zimbabwe displayed the highest 
EAPC of ASMR and ASDR. Conversely, Israel, Denmark, 
Norway, Iceland, and Israel had the lowest EAPC of 
ASMR and ASDR, with the values lower than -3. (Fig. 3C 
and D, Tables S6 and S7).

Global breast cancer burden attributable to tobacco 
by age, SDI, and HDI
The death rate of tobacco-related breast cancer exhibited 
a gradual global increase in correlation with advancing 

Fig. 2  Change of tobacco-related breast cancer ASMR (A) and ASDR (B) during 1990–2019. The count of breast cancer deaths (C) and DALYs 
(D) linked to tobacco usage categorized by SDI levels between 1990 and 2019. ASMR (E) and ASDR (F) of breast cancer linked to tobacco 
usage categorized by SDI levels between 1990 and 2019. ASMR, age-standardized mortality rate; ASDR, age-standardized DALY rate; DALYs, 
disability-adjusted life-years
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Fig. 3  Tobacco-related breast cancer ASMR (A) and ASDR (B), and their corresponding EAPC (C and D) across 204 countries and territories in 2019. 
ASMR, age-standardized mortality rate; ASDR, age-standardized DALY rate; EAPC, estimated annual percentage change
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age in 2019 (Fig. 4A). The highest rate of DALYs occurred 
in the individuals aged 55–59 (Fig. 4B). A similar pattern 
was evident in Fig. 4E and F, with approximately half of 
the deaths and DALYs occurring in the High-middle SDI 
and High SDI regions. Corresponding, there was a nota-
ble increase in the number of deaths and DALYs as age 
advanced, reaching their highest point within the 55–59 
age group (Fig. 4C and D).

The age-specific death rate experienced an obvious 
decrease in High SDI region, particularly among indi-
viduals aged 45–90. It declined slightly in Low-middle 
SDI, Middle SDI, and High-middle SDI regions, while 

showing a moderate increase in Low SDI region (Figure 
S2A). Irrespective of SDI, the mortality rate increased 
among patients aged above 95. The patterns observed in 
the EAPCs of age-specific DALY rates mirrored those of 
age-specific mortality rates (Figure S2B).

A double hump curve was depicted to illustrate the 
relationship between SDI and the regional ASMR or 
ASDR (Fig. 5A and B). Among the 21 GBD regions, the 
observed patterns in ASRs varied widely based on the 
year. Some regions showed minimal change in ASRs, 
while others exhibited decreasing or fluctuating rates. 
Additionally, North Africa and Middle East experienced 

Fig. 4  The distribution of deaths (A) and DALYs (B) rate attributed to tobacco-related breast cancer by age. Breast cancer deaths (number, C; rate, 
D) and DALYs (number, E; rate, F) attributable to tobacco by SDI and age. The shaded area represents the 95% uncertainty interval for the rate. 
DALYs, disability-adjusted life-years; SDI, socio-demographic index
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a progressive rise in ASMR and ASDR over time. There 
was a positive relationship between ASRs and SDI value 
in 2019 across 204 nations or territories (R = 0.29, p < 0.01 
for both ASMR and ASDR, Figure S3). However, a nega-
tive association was observed between the EAPC in 
ASMR and the HDI in 2019 (R = -0.55, p < 0.01), which 
was particularly pronounced in nations with very high 
HDI, but not in nations with HDI less than 0.8 (Fig. 5C). 
We also observed a comparable association between 
EAPC in ASDR and HDI in 2019 (Figure S4).

Discussion
This study represents the most current and comprehen-
sive investigation examining the spatial and temporal 
trends of tobacco-associated breast cancer on a global 
scale. Our analysis unveiled that the global ASMR and 
ASDR of tobacco-related breast cancer decreased mod-
estly over the last three decades, but the death and 
DALYs cases increased by about 30%, which may be par-
tially attributed to population aging and growth [16]. In 
parallel, we observed both death and DALYs number 
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were highest in the 55–59 age group. Moreover, the spa-
tial distribution of this disease was heterogeneous, imply-
ing a potential correlation with disparities in various 
factors, including breast cancer screening policies and 
tobacco control initiatives.

Tobacco smoke is recognized to contain more than 
7,000 chemicals, with about 20 of them being identified 
as breast carcinogens [17]. They may have an impact 
on the development, recurrence, metastasis, and treat-
ment of breast cancer through various potential bio-
logical mechanisms. Firstly, nicotine, the principal 
component of tobacco, contributes to breast cancer by 
promoting proliferation, inhibiting apoptosis, and cre-
ating a microenvironment conducive to tumor growth 
[18]. Secondly, tobacco smoke can increase the risk 
of metastasis from breast cancer, which is attributed 
mainly to phenotypic transition to a mesenchymal phe-
notype, acquisition of self-renewing stem-like traits, 
chronic inflammation, and inhibition of host immune 
defenses [19, 20]. Thirdly, several population-based 
studies revealed that tobacco increased both breast-
specific mortality and overall mortality [21, 22]. In 
comparison to men, women displayed a higher suscep-
tibility to genetic and biologic aberrations caused by 
tobacco, thereby increasing their vulnerability to cancer 
development [23–25]. Women exposed to second-hand 
smoke in both the workplace and home had a signifi-
cantly higher risk of developing breast cancer [26]. The 
absence of second-hand smoke exposure in women 
who have never smoked was suggested to potentially 
prevent 1 out of every 14 cases of breast cancer [27]. 
In addition, the cessation of smoking following disease 
diagnosis significantly improved breast cancer spe-
cific survival and overall survival [28]. However, the 
cessation rate after breast cancer diagnosis was lower 
compared to other cancers such as colorectal and lung 
cancer [29–31]. It is imperative to urgently propose 
feasible policy measures for comprehensive smoke con-
trol worldwide, particularly in regions grappling with 
a substantial disease burden of tobacco-related breast 
cancer.

We demonstrated that the burden of breast cancer 
attributable to tobacco varied notably among regions 
and nations in this study. Australasia, High-income 
North America, West Europe, and Tropical Latin Amer-
ica experienced a substantial reduction in both ASMR 
and ASDR. These declines may be partly ascribed to the 
widespread implementation of mammogram screening 
programs and evidence-based tobacco control policies 
in these regions [32, 33]. On the contrary, our findings 
indicated a slight upward trend of ASMR and ASDR in 

North Africa and Middle East, Oceania, Central Sub-
Saharan Africa, and Eastern Sub-Saharan Africa. Both 
ASMR and ASDR increased in Low SDI region, but not 
in other SDI regions. These frustrating trends could be 
explained by factors such as limited availability of treat-
ment, inadequate implementation of health policies, 
and challenging living conditions [34–36]. The enforce-
ment of cigarette advertisement bans, tobacco tax 
policies, and warning labels has been correlated with 
a reduction in tobacco consumption and a decrease 
in overall cancer mortality [33, 37, 38]. Hence, recom-
mendations for screening initiation ages can be tailored 
to specific risk factors, including national risk profiles 
and ethnicity [39]. The governments should concen-
trate their efforts on levying higher taxes on tobacco 
products and deploying smoke-free legislation, individ-
uals should strive earnestly to quit smoke and cultivate 
healthy habits in the countries and regions with high 
tobacco-related breast cancer burden.

In our analysis, we conducted comprehensive estima-
tions of the disease burden and trends associated with 
tobacco-related female breast cancer at global, regional, 
and national levels based on multiple metrics, includ-
ing mortality, DALYs, ASMR, and ASDR. Neverthe-
less, it is important to acknowledge and address several 
limitations. First, variations in data collection methods 
and mammogram screening practices among different 
nations inevitably impact the dependability of our find-
ings. Second, molecular subtyping and grade are signif-
icant clinicopathological parameters for breast cancer. 
Given the scarcity of data, we did not include these 
characteristics in our analysis. Third, the GBD 2019 
study offers valuable and reliable estimates of disease 
burden, yet the data regarding the prevalence and inci-
dence of tobacco-related breast cancer are unavailable. 
Fourth, Pham et al. indicated that electronic cigarettes 
can potentially facilitate the growth and metastasis of 
breast cancer [40]. Regrettably, our study lacks expo-
sure estimates for the use of electronic cigarettes, 
vaporizers, and heated tobacco products due to inad-
equate data availability in the GBD 2019 dataset.

In conclusion, tobacco is one important and modifi-
able risk factor for breast cancer. A number of regions 
(namely North Africa and Middle East, and Oceania) 
and countries or territories (namely Solomon Islands, 
Lesotho, and Zimbabwe) exhibited a notable upward 
trajectory. In addition, the populations in Low SDI 
regions would suffer a substantial burden of tobacco-
related breast cancer, leading to a persistent challenge 
to both healthcare and economic sectors in the foresee-
able future. These findings substantiate the necessity 
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of expediting the enforcement of tobacco-free legisla-
tion in order to safeguard populations from the adverse 
effects of tobacco.
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