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Abstract 

Background:  To assess the spatiotemporal variation in female breast cancer attributable to low physical activity (LPA) 
at a global scale from 1990 to 2019, which is essential to promote physical activity, as well as prevent and control 
breast cancer.

Methods:  The number of deaths and disability-adjusted life years (DALYs), and the corresponding age-standardized 
rates (ASMR and ASDR) of LPA-related breast cancer in 204 countries and territories from 1990 to 2019 were retrieved 
from the Global Burden of Disease Study 2019 to measure the related breast cancer burden by age and region. The 
estimated annual percentage change (EAPC) was calculated to quantify the secular trend in breast cancer burden 
rates.

Results:  From 1990 to 2019, globally, both breast cancer deaths and DALYs attributable to LPA nearly doubled, 
although the corresponding ASMR and ASDR decreased slightly, with EAPC of -0.46 (95% confidence interval: -0.52, 
-0.40) and -0.44 (95% confidence interval: -0.49, -0.39), respectively. The LPA-related breast cancer burden varied con-
siderably across the world, with the highest-burden rates in Oceania, Tropical Latin America and Caribbean, and the 
fastest growth in North Africa and Middle East. The ASMR and ASDR showed a logarithmic association with the Socio-
demographic Index, and a temporally upward trend in most of 204 countries regardless of the Socio-demographic 
Index or the ASMR in 1990.

Conclusions:  Despite a decline in LPA-related breast cancer burden achieved in many countries during the last 3 
decades like Bermuda, Myanmar, USA and China, an increase still occurred in most of 204 countries and territories, 
such as Solomon Islands, Equatorial Guinea, Japan and India. The findings can bring greater awareness to the impor-
tance of promoting physical activity for the local government to control the attributable breast cancer burden.
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Background
Breast cancer mortality rates have been declining glob-
ally in the last three decades [1], principally owing to 
improvements in treatment and the early detection by 
mammography screening [2, 3], while the number of 
breast cancer deaths and disability-adjusted life years 
(DALYs) have continued to increase [4], which perhaps 
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can be attributed to the population growth and inad-
equacy of prevention strategies [2]. Keeping physically 
active is one of the most important recommendations 
presented by the World Cancer Research Fund, which 
suggests staying at least moderately physically active and 
limiting sedentary habits [5]. However, owing to the ris-
ing trends in insufficient physical activity worldwide [6], 
the improvement of physical activity in healthy policies 
needs to be strengthened, which will not only benefit 
breast cancer control but also reduce the risk of other 
causes of health burden [7].

As new evidence of the association between physical 
activity and risk of breast cancer becomes available and 
high-quality, it is important to monitor and estimate the 
disease burden of breast cancer attributable to low physi-
cal activity (LPA). The Global Burden of Diseases Study 
(GBD) 2019 has not only focused on the health burden 
of 369 diseases and injuries but also incorporated their 
associated risk factors and the relative harm they cause 
[8]. All the GBD data can be publicly available online, 
which allow decision-makers or researchers conveniently 
to compare the changes in effects and risk factors of dif-
ferent diseases. In this study, we aimed to estimate the 
spatiotemporal variation in breast cancer burden attrib-
utable to LPA at the global, regional and national level 
from 1990 to 2019, which would guide sports resource 
allocation and strategies developing to promote physical 
activity, as well as to prevent and control the breast can-
cer burden.

Methods
Study data
Annual data of LPA-related breast cancer deaths, the 
age-standardized mortality rate (ASMR), DALYs and the 
age-standardized DALY rate (ASDR) in 204 countries 
and territories from 1990 to 2019 were retrieved by age 
(5-year age groups from 15 to 94  years, and 95 + years) 
and region from the online Global Health Data Exchange 
website (http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool) [9]. 
They were reported in the estimates with their 95% 
uncertainty intervals (UIs), which were determined using 
the 2.5th and 97.5th centiles of the ordered 1000 draws. 
All countries and territories were classified into the 5 
regions (low, low-middle, middle, high-middle and high) 
according to the quintiles of the Socio-demographic 
Index (SDI), which was the geometric mean of total 
fertility rate under the age of 25  years, average years of 
education, and lag-distributed income per capita [10]. 
In addition, the 204 countries and territories were also 
divided into 21 GBD regions in terms of geography [10]. 
Sex was not included as a covariate in this study as GBD 
2019 focused on breast cancer burden attributable to LPA 
only among females. This GBD-based study complied 

with the Guidelines for Accurate and Transparent Health 
Estimates Reporting recommendations (Additional File 
1) and was exempted by the Ethical Board Review of Qilu 
Hospital, Shandong University because the GBD data 
were de-identified and aggregated.

Estimation of breast cancer burden
In the GBD study, breast cancer was defined as the ICD-
10 code C50-C50.9, D05-D05.9, D24-D24.9, D48.6 and 
D49.3, as well as the ICD-9 code 174–175.9, 217–217.8, 
233.0, 238.3, 239.3, and 610–610.9. First, the mortality-
to-incidence ratios were estimated using matched inci-
dence and mortality data from cancer registries, which 
were used to convert incidence data of cancer registries 
into inputs of mortality estimation, to maximize data 
availability [9]. Then, the mortality data were estimated 
from a Cause of Death Ensemble model approach that 
combined multiple data from vital registration systems, 
cancer registries, and verbal autopsy reports. For each 
cancer, the sex-specific Cause of Death Ensemble models 
generated mortality estimates by age group, geography, 
and year. Finally, the mortality estimates of each cancer 
were scaled to keep consistent with the total mortality for 
all causes of death.

Breast cancer DALYs were calculated as the sum of 
years of life lost and years lived with disability [9]. The 
former was calculated by multiplying the number of esti-
mated breast cancer deaths by the age-specific GBD life 
expectancy by age group. The latter was calculated by 
multiplying the prevalence of each sequela and the dis-
ability weights for the health state associated with this 
sequela, and by adding the complications caused by 
breast cancer treatment. The detailed input sources and 
relevant metadata were available via online data source 
tools (http://​ghdx.​healt​hdata.​org/​gbd-​2019/​data-​input-​
sourc​es).

Estimation of attributable burden
Data on levels of physical activity were mainly retrieved 
from two standardized questionnaires, the Global 
Physical Activity Questionnaire and the International 
Physical Activity Questionnaire, as well as other ques-
tionnaires with intensity, duration and frequency of 
activities, among surveys of the general adult popula-
tion that collected self-reported physical activity where 
random sampling was used [11]. The GBD study meas-
ured physical activity in the frequency, duration and 
intensity of activities lasting at least ten minutes at a 
time for all domains of life (leisure/recreation, work/
household and transport) for adults older than 25. Met-
abolic Equivalent (MET) was introduced as the ratio 
of the working metabolic rate to the resting metabolic 
rate, to quantify the level of physical activity. Physical 
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activity levels were divided into four categories based 
on the quartiles of the global total MET-minutes per 
week, including inactive level (< 600 MET-minutes per 
week), low-active level (600–3999 MET-minutes per 
week), moderately active level (4000–7999 MET-min-
utes per week) and highly active level (≥ 8000 MET-
minutes per week). The proportion of each level for 21 
GBD regions over time was retrieved from the Epi Vis-
ualization tool (https://​vizhub.​healt​hdata.​org/​epi/). The 
theoretical minimum risk exposure level for physical 
inactivity was defined as 3000–4500 MET-minutes per 
week based on a previous dose–response meta-analysis 
[12], and thus LPA was defined as < 3000 MET-minutes 
per week. The detailed input data were also available via 
online data source tools, and the part of input data not 
available in tools could be made available upon request.

The attributable burden was estimated using the 
Comparative Risk Assessment framework established 
previously [11], which included the following steps: 
including risk-outcome pairs with convincing or proba-
ble evidence; summarizing the relative risks of potential 
exposure based on the systematic reviews and meta-
regression; estimating the exposure levels and distribu-
tions; defining the theoretical minimum risk exposure 
level as the exposure level associated with minimum 
risk determined from published trials and cohort stud-
ies; calculating the population attributable fractions 
(PAFs); estimating the PAFs and attributable burden 
for combined risk factors by considering the mediat-
ing effects. In our analysis, PAFs represented the pro-
portion of breast cancer burden that would be reduced 
among a given population and in a given year if the 
level of physical activity in the past were at least 3000 
MET-minutes per week [11]. PAF was calculated as the 
following model:

where PAFasgt was the PAF for breast cancer burden 
due to LPA for age group a , sex s , location g , and year 
t ; RRast was the relative risks between exposure level x 
(from 1 to u ) of LPA and breast cancer for age group a , 
sex s , and year t ; and Pasgt was the proportion of the pop-
ulation exposed to LPA at the level x , for age group a , sex 
s , location g , and year t . The relative risks were derived 
from published and unpublished primary studies or sec-
ondary meta-analysis, and had been adjusted for poten-
tial confounders by the original researchers. Finally, the 
breast cancer burden specifically attributable to LPA was 
calculated by multiplying the total breast cancer burden 
by PAF after considering the mediating effects, for each 
age group, sex, geography, and year [11].

PAFasgt =

∑u
x=1

RRast(x)Pasgt(x)− 1
∑u

x=1
RRas(x)Pasgt(x)

Statistical analysis
The deaths, ASMR, DALYs and ASDR were used to 
quantify the breast cancer burden attributable to LPA 
at global, regional, and national levels, and the esti-
mated annual percentage change (EAPC) was introduced 
to measure the temporal trends of age-standardized 
rates (ASRs) from 1990 to 2019. A regression model, 
ln(ASR) = α + βx + ε , was fitted to the natural loga-
rithm of ASR, where x referred to the calendar year. 
EAPC was calculated as 100 × (exp(β) − 1), and its 95% 
confidence intervals (CIs) could also be calculated from 
the model [13, 14]. The ASR would be upward if the 
EAPC and its 95% CI were > 0, downward if they were < 0, 
and stable if the 95% CI included 0. Finally, Spearman’s 
correlation was used to test the association between ASR, 
SDI values and the EAPC estimates. All statistical analy-
ses were conducted via software R (version 4.0.3, R core 
team), and data were visualized with ggplot2 and Rcolor-
Brewer packages.

Results
Breast cancer deaths and ASMR attributable to LPA
The deaths of LPA-related breast cancer increased by 
nearly 92 percent from 4,412 (95% UI: 2,006, 7,693) to 
8,475 (95% UI: 4,078, 14,305), while the ASMR decreased 
from 0.22 (95% UI: 0.10, 0.38) to 0.19 (95% UI: 0.09, 0.33) 
per 100,000, with EAPC of -0.46 (95% CI: -0.52, -0.40) 
worldwide from 1990 to 2019 (Table 1, Fig. 1A).

At the SDI-regional level, the LPA-related breast can-
cer deaths mainly occurred in high and high-middle SDI 
regions, where the ASMR decreased during this period, 
with EAPC of -1.21 (95% CI: -1.28, -1.14) and -0.28 (95% 
CI: -0.40, -0.16), respectively. The middle, low-middle 
and low SDI regions had significant increases in ASMR, 
with EAPC ranging from 0.59 to 1.14 (Table 1, Fig. 1A).

At the GBD-regional level, the LPA-related breast can-
cer deaths mainly occurred in Western Europe and High-
income North America, which accounted for 50.51% of 
the global deaths in 1990, and Western Europe, South 
Asia and East Asia became the top three countries in 
2019. From 1990 to 2019, there were downward trends in 
ASMR in High-income North America, Western Europe, 
Australasia, Tropical Latin America and East Asia, with 
the EAPC ranging from -1.84 to -0.21, whereas ASMRs 
of the other GBD regions were upward, with the fast-
est growth observed in North Africa and Middle East 
(EAPC, 1.44; 95% UI: 1.34, 1.53; Table 1).

At the national level, the USA had the most breast 
cancer deaths attributable to LPA in 1990 (669; 95% UI: 
236, 1298), while India and China became the largest 
contributions in 2019 (873 and 848, respectively). The 
highest ASMR was observed in Malta in 1990 (0.96 per 

https://vizhub.healthdata.org/epi/
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Fig. 1  The breast cancer burden attributable to low physical activity by SDI region. The global (A) deaths and ASMR, and (B) DALYs and ASDR 
of breast cancer attributable to low physical activity for all ages from 1990 to 2019. The global (C) deaths and age-specific mortality rate, and 
(D) DALYs and age-specific DALY rate of breast cancer attributable to low physical activity by age in 2019. SDI, Socio-demographic Index; ASMR, 
age-standardized mortality rate; DALYs, disability-adjusted life years; ASDR, age-standardized DALY rate
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100,000; 95% UI: 0.33, 1.64) and Qatar in 2019 (1.19 per 
100,000; 95% UI: 0.46, 2.06), whereas Guatemala always 
had the lowest ASMR during this period (0.04 in 1990, 
0.03 in 2019, per 100,000). There were 143 countries and 
territories with upward ASMR, with the fastest increase 
observed in Solomon Islands (EAPC, 5.52; 95% CI: 4.88, 
6.17; Fig. 2, Additional Table 1).

In 2019, the number of LPA-related breast cancer 
deaths showed an inverted V-shaped association with 
age, peaking at the 80–84 age group, but the age-specific 
mortality rate increased exponentially with age globally 
or in all SDI regions. The deaths mainly occurred in indi-
viduals of 65–89  years old, the majority of which were 
in high and high-middle SDI regions (Fig. 1C). Globally, 
the EAPC in mortality rates showed a W-shaped asso-
ciation with age, with the value below 0 in individuals of 
30–89 years and above 0 in 25–29 and 95 + age groups, 

and the fastest decrease in mortality rates occurred in 
45–49 age group, and the fastest increase occurred in 
95 + age group. However, the age-specific mortality 
rates in low-middle and low SDI regions were in upward 
trends for all age groups (Additional Fig. 1).

Breast cancer DALYs and ASDR attributable to LPA
From 1990 to 2019, globally, the number of LPA-related 
breast cancer DALYs increased by about 80 percent from 
109.95 (95% UI: 51.95, 202.20) thousand to 197.80 (95% 
UI: 97.52, 345.14) thousand, but the ASDR decreased 
from 5.14 (95% UI: 2.43, 9.38) to 4.57 (95% UI: 2.26, 7.98) 
per 100,000, with EAPC of -0.44 (95% CI: -0.49, -0.39; 
Table 1, Fig. 1B).

At the SDI-regional level, high and high-middle SDI 
regions always had more than half of the global DALYs, 
although the corresponding ASDR was in a downward 

Fig. 2  The spatial distribution of breast cancer (A) ASMR and (B) the EAPC attributable to low physical activity in 2019. ASMR, age-standardized 
mortality rate; EAPC, estimated annual percentage change
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trend, with EAPC of -1.21 (95% CI: -1.28, -1.14) and -1.17 
(95% CI: -1.25, -1.08), respectively. The DALYs and ASDR 
in middle, low-middle and low SDI regions were all in 
upward trends, with the fastest increase in ASDR occur-
ring in low SDI regions (EAPC = 1.02; 95% CI: 0.94, 1.10; 
Table 1, Fig. 1B).

At the GBD-regional level, the regions with DALYs 
over 20 thousand were Western Europe, South Asia 
and East Asia in 2019 (36.15, 31.60 and 21.83 thousand, 
respectively), but only Western Europe in 1990 (32.02 
thousand). However, the highest ASDR was observed 
in Tropical Latin America in 1990 (12.33 per 100,000; 
95% UI: 4.14, 21.91), and in Oceania in 2019 (15.93 per 
100,000; 95% UI: 6.08, 32.04). The ASDRs were down-
ward in High-income North America, Western Europe, 
Australasia, Tropical Latin America and East Asia, 
with EAPC ranging from -1.85 to -0.24, pretty stable in 

Eastern Europe, Central Europe, Central Asia, Southern 
Latin America and Andean Latin America, and upward 
in the other GBD regions, with EAPC ranging from 0.15 
to 1.34 (Table 1).

At the national level, the USA had the most DALYs 
(15.76 thousand; 95% UI: 5.76, 32.10) in 1990, while 
India and China became the top 2 countries with the 
most DALYs (21.27 and 20.81 thousand, respectively) in 
2019. The highest ASDR was observed in Malta (24.10 
per 100,000; 95% CI: 7.51, 42.50) in 1990 and Solomon 
Islands (26.96 per 100,000; 95% CI: 11.20, 56.56) in 2019, 
and the lowest ASDR was always observed in Guatemala 
during this period (0.88 in 1990 and 1.07 in 2019 per 
100,000). There were 135 countries and territories with 
upward ASDR from 1990 to 2019, and 46 countries and 
territories with downward ASDR (Additional Table  1, 
Fig. 3).

Fig. 3  The spatial distribution of breast cancer (A) ASDR and (B) the EAPC attributable to low physical activity in 2019. ASDR, age-standardized 
disability-adjusted life-years rate; EAPC, estimated annual percentage change
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In 2019, the age-specific numbers of LPA-related 
breast cancer DALYs showed a similar pattern with that 
of deaths, however peaking in individuals of 55–69 years 
old. The age-specific DALY rates had a sustained increase 
with age in high and high-middle SDI regions, however, 
which increased first before 80–84  years old and then 
fluctuated slightly with age in the middle, low-middle 
and low SDI regions (Fig.  1D). Besides, the association 
between EAPC in DALY rate and age was similar to that 
between EAPC in mortality rate and age (Additional 
Fig. 2).

The changes in physical activity levels
Meanwhile, the global proportion of inactive cases 
was essentially flat, and that of low-active cases slightly 
increased from 1990 to 2019. Oceania, High-income Asia 
Pacific, Australasia, Western Europe, Caribbean, Tropical 
Latin America, and North Africa and Middle East had a 
constantly higher proportion of inactive and low-active 
cases than the globe (Additional Fig. 3–4). However, the 
proportion of moderately and highly active cases had a 
slight decline across the world during the last 3 decades, 
which in Western Europe, High-income North America, 
Caribbean, and North Africa and Middle East were lower 
than the global average proportion (Additional Fig. 5).

Association between ASMR, ASDR of breast cancer and SDI 
values
There was a logarithmic association between ASMR 
of LPA-related breast cancer and SDI values by GBD 
region, that the ASMR increased first until SDI value was 
about 0.4, and kept relatively stable for higher SDI values 
(Fig. 4A). The EAPC in ASMR of LPA-related breast can-
cer showed a slightly negative association with SDI values 
in 2019 (ρ = -0.42, P < 0.001) especially within SDI val-
ues greater than 0.5, and with ASMR in 1990 (ρ = -0.30, 
P < 0.001), although the ASMR in Solomon Islands, 
Equatorial Guinea and Lesotho was much higher than 
expected (Fig.  4B-C). The ASMR presented an upward 
trend from 1990 to 2019 mainly in most of 204 coun-
tries (the EAPC with its 95% CI higher than 0), such as 
Solomon Islands, Equatorial Guinea, Japan and India, 
but in downward trends in some countries like Bermuda, 
Myanmar, USA and China, regardless of their SDI status 
or ASMR in 1990 (Additional Table 1, Fig. 4B-C). There 
were similar patterns between ASDR, SDI and EAPC in 
ASDR (Fig. 5).

Discussion
In this study, spatiotemporal trends in deaths and DALYs 
of LPA-related breast cancer were estimated at global, 
regional and national levels. Globally, from 1990 to 
2019, both LPA-related breast cancer deaths and DALYs 

nearly doubled, but the corresponding ASMR and ASDR 
decreased slightly. The LPA-related breast cancer burden 
varied considerably across the world, with the high-bur-
den rates in Oceania, Tropical Latin America and Carib-
bean, and the fastest growth in North Africa and Middle 
East. There was a logarithmic association between LPA-
related breast cancer burden and SDI values, with the 
severest burden observed in high and high-middle SDI 
regions. The ASMR and ASDR increased in most of the 
204 countries and territories from 1990 to 2019, such as 
Solomon Islands, Equatorial Guinea, Japan and India, but 
the declines were achieved in some countries like Ber-
muda, Myanmar, USA and China.

Since the 1980s, it has been generally assumed that 
physical activity is associated with decreased risk of 
breast cancer, with many studies conducted to dem-
onstrate this assumption during the past 4 decades [15, 
16]. The 2018 US Physical Activity Guidelines concluded 
strong evidence that more physical activity reduced 
not only the risk of breast cancer but also the risk of 
mortality from breast cancer [17]. Wu et  al. reported a 
dose–response association that the risk of breast cancer 
decreased by 2% with the increase in non-occupational 
physical activity of every 25 MET-hours per week [16]. 
Nevertheless, the exact pathophysiological mechanisms 
for physical activity against the breast cancer risk have 
not been known clearly. Several reviews, on one hand, 
indicated that obesity was an identified risk factor of 
breast cancer, and physical inactivity usually contrib-
uted to obesity [18, 19], but Moore et  al. conducted a 
meta-analysis and found that the hazard ratio for breast 
cancer risk in individuals with high vs low levels of physi-
cal activity was 0.90 (95% CI, 0.80–0.95), and remained 
the same trend after body mass index adjustment [20]. 
On the other hand, the efficacy of physical activity to 
decrease sex hormone levels [21], lower insulin levels and 
insulin resistance [22], and reduce systemic inflammation 
[23], has been demonstrated to prevent the development 
of breast cancer [24], which may help to explain why 
physical activity reduces the risk of breast cancer, regard-
less of the body weight.

In our study, the age-specific rates of mortality and 
DALYs increased with age, and the LPA-related breast 
cancer burden was heavier in the elderly than the young, 
which could mostly represent a high level of LPA in the 
elderly. In General, keeping physically active is benefi-
cial to physical capability and counteracting the effects 
of ageing for the elderly [25]. A prospective cohort study 
conducted in individuals from midlife to old age indi-
cated that the moderate-increasing pattern of physi-
cal activity during this period could provide significant 
protection against cardiovascular diseases, as well as the 
all-cause mortality [26], which might be due to the direct 
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Fig. 4  The relationship between breast cancer (A) ASMR and SDI in 2019 by GBD region, (B) EAPC in ASMR and SDI in 2019 by Super GBD region, 
and (C) EAPC in ASMR and ASMR in 1990 by SDI region. ASMR, age-standardized mortality rate; SDI, Socio-demographic Index; GBD, Global Burden 
of Disease Study; EAPC, estimated annual percentage change
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Fig. 5  The relationship between breast cancer (A) ASDR and SDI in 2019, (B) EAPC in ASDR and SDI in 2019, and (C) EAPC in ASDR and ASDR in 
1990. ASDR, age-standardized disability-adjusted life-years rate; SDI, Socio-demographic Index; EAPC, estimated annual percentage change
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amelioration of immune aging [27]. However, there was 
a dramatic fall of physical activity with age [27], and the 
hormone replacement therapy among postmenopausal 
women could nullify the protection of physical activity 
[15]. In recent years, the survival rates and life expec-
tancy in the elderly continue to increase, furthering the 
global ageing trends [28], and the LPA-related breast 
cancer burden in the elderly. Therefore, facilitating physi-
cal activity is particularly essential for the elderly, which 
needs strengthened efforts and policy support.

LPA-related breast cancer burden varied across the world, 
which indicated the global changes in physical activity lev-
els. From 1990 to 2019, the global levels of physical activity, 
especially the level of moderate and high physical activity, 
were in slightly downward trends, and it was the same when 
analyzed by GBD regions. And this was consistent with our 
results of the temporal increase of LPA-related breast can-
cer burden from 1990 to 2019 observed in the lower SDI 
regions. With the industrialization and development of the 
economy, individuals in lower SDI regions would take up 
jobs with fewer demands on physical activity, and engage in 
less leisure-time physical activity, due to changes in trans-
port patterns, entertainment and cultural values [29, 30], 
which meant that the total physical activity in lower SDI 
regions shifted towards a low level. On the other hand, it 
was noteworthy that the current values in some lower- and 
middle-income countries were possibly underestimated, 
where the cancer surveillance systems started relatively late. 
The National Central Cancer Registry of China, for instance, 
was established in 2002, and the number of local registries 
increased to 501 by August 2018, which covered 387 million 
population [31]. Published studies estimated the breast can-
cer burden in China based on the high-quality parts of total 
registries, which could only involve about 10% of the total 
population [31, 32]. Besides, it was worth noting that the 
individuals in high socioeconomic regions, such as Western 
Europe and High-income North America, were significantly 
less physically active than the global average levels, which 
might be the reason for the heaviest burden occurring in 
these higher SDI regions. Similarly, a previous systematic 
review also reported the association between high socioeco-
nomic status and low physical activity levels [33]. Neverthe-
less, the LPA-related breast cancer burden declined in high 
and high-middle SDI regions from 1990 to 2019, probably 
owing to the earlier focus on physical activity surveillance 
and intervention to promote physical activity in high-
income countries [34]. It illustrated that local government 
especially in the lower-SDI countries, should take examples 
from the higher-SDI countries and put more efforts into 
promoting physical activity, and breast cancer surveillance 
and control.

Despite the significant epidemiological and clini-
cal research progress achieved which promotes a better 

understanding of the protective effects of physical activity, 
the LPA-related breast cancer burden, far from showing 
a downward trend, has been increasing during the last 3 
decades. This analysis measures the effectiveness of previ-
ous interventions in such a way and indicates that there 
is an urgent need for strengthening the surveillance of 
physical activity and implementing the appropriate pub-
lic health strategies, to mobilize populations for keeping 
physically active, especially for the countries with increas-
ing LPA-related breast cancer burden. For example, China 
is one of the countries with the most LPA-related breast 
cancer burden, and the Chinese government recently 
starts to invest heavily in the supply of community fitness 
facilities, and motivate their people to take part in physi-
cal exercises or competitions, which could truly promote 
the national level of physical activity, to control the breast 
cancer burden. Currently, WHO guidelines suggest at 
least 150–300 min per week of moderate-intensity aerobic 
physical activity for adults and an average of 60 min per 
day of moderate- to vigorous-intensity physical activity 
for children and adolescents [35], which seems to be gen-
erally realizable at the populational level. However, there 
is still a long way to go to achieve this goal, which means 
the stakeholders should develop suitable strategies to pro-
mote physical activity levels for their countries.

However, this analysis does have some limitations. First, the 
GBD study measured physical activity based on the previous 
epidemiological studies and national health-survey databases 
[11], which might lead to insufficient available data in low- 
and middle-income countries. The whole data were ecologi-
cal and cross-sectional, and could not provide the exposure 
levels of physical activity and our study outcomes on the same 
people, which might have little impact on the reliability of 
our results, for the comparative risk assessment framework 
included the causal attribution steps based on the previous 
primary studies or secondary meta-analysis. Second, the 
GBD study identified a total of six risk factors for breast can-
cer, including high fasting plasma glucose, alcohol use, high 
BMI, diet high in red meat, low physical activity, and tobacco 
(smoking, chewing tobacco and secondhand smoke), but 
didn’t include the pathological data of breast cancer, and only 
provided data on LPA-related breast cancer burden among 
females, and thus we didn’t include subtypes of breast cancer 
and sex into the analysis. Finally, there might be some uncer-
tainty about the estimates of physical activity and changes 
in MET-minutes per week over time, because the data were 
derived from self-reported questionnaires and there was no 
supplementary data to verify the truthful levels.

Conclusions
In summary, although the LPA-related breast cancer bur-
den rates decreased globally from 1990 to 2019, there 
was still an increase occurring in most countries or 
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territories, such as Solomon Islands, Equatorial Guinea, 
Japan and India, which, to a certain extent, was owing to 
the increasing levels of physical inactivity. Our findings 
can bring greater awareness to the importance of pro-
moting physical activity in the public for breast cancer 
burden control, and urge the policymakers to develop 
strategies that are easy to implement and allocate sports 
resources equitably.
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