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Background: Multiple studies over the past 4 decades have shown the significant benefit of breast cancer screening
(BCS) in reducing mortality rates from breast cancer (BC). However, significant debate exists about the role of BCS
in this regard, with some studies also showing no benefit in terms of mortality along with issues such as
overdiagnosis, health care utilisation costs, psychological distress or overtreatment. To date, no BCS study has
focused on disability. Hence the aim of this study is to evaluate the relative contribution of BCS approaches to age-
standardized mortality and disability-adjusted life years (DALYs) rates along with other related risk factors, from a
country-level perspective.
Patients and methods: This study created a country-dataset by merging information from the Global Burden of Disease
study regarding female age-standardized BC mortality, DALYs rates and other risk factors with the BCS programme
availability at the national or regional level (versus no or only pilot such programme), BCS type (mammography,
digital screening, breast self-examination and clinical breast examination) and other BCS-related information among
130 countries. Mixed-effect multilevel regression models were run to examine the associations of interest.
Results: The most important factor predictive of lower mortality was the more advanced type of BCS programme
availability [mammography: �4.16, 95% CI �6.76 to �1.55; digital mammography/ultrasound: �3.64, 95% CI �6.59
to �0.70] when compared with self- or clinical breast examinations. High levels of low-density lipoprotein
cholesterol (LDL-c) and smoking were also related to higher mortality and DALYs from BC. In terms of BC DALYs,
BCS had a 21.9 to 22.3-fold increase in the magnitude of effect compared with that in terms of mortality. Data on
mortality and DALYs in relation to BCS programmes were also calculated for high-, middle- and low-income countries.
Conclusions: These data further support the positive effects of BCS in relation to age-standardized BC mortality rates,
and for the first time show the impact of BCS on DALYs too. Additional factors, such as diabetes, high levels of LDL-c or
smoking seemed to be related to BC mortality and disability, and could be considered as additional components of
possible interventions to be used alongside BCS to optimize the BCS benefit on patients.
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INTRODUCTION

Breast cancer (BC) carries a significant disease burden. In
2017, the incident rate of BC was reported to be 1.9
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million. In the same period, BC was also the leading cause
of cancer deaths and disability-adjusted life years (DALYs)
in females with 601 000 deaths and 17.4 million life years,
respectively.1 Positive evidence on the effectiveness of
breast cancer screening (BCS) has been reported for nearly
4 decades. A 2020 systematic review of 60 cohort and
caseecontrol studies from Europe reaffirmed that BC
mortality is reduced in all regions where formal screening
programmes exist, and reductions between attenders and
nonattenders of BCS programmes varied from 12% to 58%
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in different regions.2 A meta-analysis of 27 cohort studies
also concluded that BCS programme invitations were
linked to a 22% reduction in BC mortality.3 In a UK study,
nearly 1 million women aged 49-64 were followed up for
15 years; invitation to the national screening programme
was associated with a 21% reduction in BC mortality after
adjustment for age, socioeconomic status and lead time.4

In the UK Age randomized trial, which involves screening
women from the age of 40 or 41, yearly mammography
before the age of 50 was associated with a 25% reduction
in mortality at the 10-year follow-up.5 BCS can have an
impact on other clinical outcomes as well. One study
showed that mammographic screening was associated
with higher chances of receiving less invasive surgery and
shorter hospital stay.6 Another review of 17 trend studies
in Europe also showed a 25%-31% reduction in BC mor-
tality in those invited to screening, with a higher value
(38%-48%) in those that were actually screened.7 Cost-
effectiveness of BCS programmes has also been demon-
strated.8,9 It is estimated that if all countries in Europe
achieve full screening coverage, an additional 12 434 BC
deaths could be prevented, translating to an additional
23% benefit.10

However, there remains significant and ongoing con-
troversy surrounding the role of BCS in reducing BC mor-
tality. A Cochrane systematic review of trials that included
some 600 000 women showed that BCS was not effective
in reducing all cancer mortality after 10 years and all-cause
mortality after 13 years, although there was more breast
surgery carried out and more use of radiotherapy in those
screened.11 Overdiagnosis, anxiety, financial hardship,
health care costs and a small risk of morbidity and mor-
tality in those overdiagnosed, methodological shortcom-
ings and limitations are observed in the early randomized
trials and in caseecontrol or cohort population studies;
overtreatment, psychological distress from false-positive
findings, problems with the criteria decided for evalu-
ating screening effectiveness or unverified statistical
assumptions in modelling work have been discussed else-
where.11-13

Most data on BCS effectiveness are derived from the
assessment of national screening programmes conducted
in individual countries. Data from a global perspective
would allow for a stronger argument beyond country
differences. Finally, BCS effectiveness data have tradi-
tionally focused on mortality as an outcome. So far, there
are no studies linking BCS to any impact on disability,
which is also an important outcome to consider. Hence,
this paper aims to evaluate the relative contribution of
BCS approaches to age-standardized mortality and DALY
rates alongside other related risk factors, from a country-
level perspective. To contextualize the effect of risk fac-
tors, morbidity and BCS programme-related information
with BC mortality and DALYs, we performed mixed-effect
multilevel regression analyses of female age-standardized
BC mortality and DALYs, while we also explored
country-level income differences (high, middle and low
income).
2 https://doi.org/10.1016/j.esmoop.2021.100111
METHODS

Breast cancer mortality and Global Burden of Disease
measures

We used the results of Global Burden of Disease (GBD) 2017
to evaluate temporal and regional trends in age-
standardized female BC mortality and DALY rates, to
assess temporal patterns of risk factors in a country's in-
come on a global and regional scale and also their relation
to risk factors and comorbidities.14 Additional details on
methods used to estimate mortality rates, years of life lost
(YLLs), years lived with disability (YLDs) and DALYs including
all other analytical approaches for assessment of relative
morbidity and mortality from individual diseases and in-
juries are available in the GBD 2017 publications.14,15

Specifically, in the GBD, death due to BC is defined based
on the International Classification of Disease (ICD) coding
system (ICD-9 and ICD-10 codes)16 and BC-specific mortality
is estimated using standardized modelling processes.16

DALYs are a summary measure of health that GBD study
has calculated for each ageesexeyearestateecause strata
by summing up the fatal (YLL) and nonfatal (YLD)
components.15

The GBD study uses epidemiological data from systematic
literature reviews, health surveys, and various other sources
to generate cause- and each sequelae prevalence and
incidence estimates. The study generated these estimates
using a variety of modelling approaches, among which the
Bayesian meta-regression compartmental modelling in
DisMod-MR 2.1 was the most common.17 In addition, the
GBD study derived and applied disability weights for each
unique health state, as reported in previous publica-
tions.18,19 The study used a microsimulation framework for
adjustment of comorbidities and calculated YLDs for each
cause by multiplying prevalence and corresponding
disability weights for each sequela of each cause.15 For the
current study, the aforementioned methodology was used
for the extraction of YLDs and DALYs causes, such as, car-
diovascular diseases, diabetes and kidney diseases, and
neoplasms.
Socioeconomic indicators, risk factors estimation and
uncertainty levels

Each country's income level (classified as high, middle and
low) was based on the World Bank's classification in 2018-
19.20

The GBD 2017 comparative risk assessment classified all
the risk factors and their respective risk factor clusters into
one of three categories: behavioural, environmental/occu-
pational or metabolic. Risk factor exposure levels data
were assessed, and modelled using approaches similar to
nonfatal models, with added emphasis on accurately fitting
distributions of exposure among continuous and polyto-
mous risk factors. Quantitative relative risk was estimated
for each riskeoutcome pair, and population-attributable
fraction statistics calculated using standard GBD compara-
tive risk assessment methods.21 Risk factors were expressed
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as summary exposure values (SEVs), which reflect the
measure of a population's exposure to a risk factor taking
into account the extent of exposure by risk level as well as
the severity of that risk's contribution to disease burden.
The SEV score varies from 0 to 1. A SEV score of ‘0’ indicates
that no excess risk for a population exists, whereas a score
of ‘1’ reflects the highest risk level. SEV is expressed on a
scale from 0% to 100% to reflect the risk-weighted preva-
lence. We focused our risk factor analysis (see analysis
below) on specific BC risk factors,22-26 including high low-
density lipoprotein-cholesterol (LDL-c), smoking habits and
high body mass index (BMI), as defined by the latest GBD
2017 methodology. Regarding uncertainty levels, the GBD
study reports 95% uncertainty intervals that are derived
from 1000 draws from the posterior distribution of each
step in the estimation process.

Breast cancer screening information

BCS information, including among others the type of
screening method applied [only breast self-examination (BSE)
and/or clinical breast examination (CBE) versus BSE/CBE
with mammographic screening availability versus BSE/CBE/
mammographic with digital mammographic and/or ultra-
sound (US) breast screening availability] and whether there is
no or only pilot or opportunistic BCS programme, or regional
and national programme, was collected and cross-checked
from a number of sources including the Global Health
Observatory of the World Health Organization (WHO),27 the
WHO cancer country profiles (https://www.who.int/cancer/
country-profiles/en/), OECD Health Statistics 2020 data on
BCS (http://www.oecd.org/health/health-data.htm), Interna-
tional Agency for Research on Cancer/WHO IARC Hand-
books of Cancer Prevention,28 literature29-31 and internet
searches on BCS for each country. Where information was
incomplete or not available, WHO collaborating centres in
a country were approached to clarify the data. Of the 194
countries that information was collected, 130 had com-
plete data. The complete list is available in Supplementary
File S1, available at https://doi.org/10.1016/j.esmoop.
2021.100111.

Primary analysis

Descriptive statistics (boxplots) were used to show the
trends of age-standardized BC mortality rates across coun-
tries, by country income level and by BCS type of screening,
between 1990 and 2017.

Secondary analysis and trends assessment

Linear regression mixed-model analysis. Mixed-effect
multilevel regression models based on the literature32

were carried out to assess whether female age-adjusted
BC mortality and DALYs rates (as outcomes) were associ-
ated with the presence of BCS screening programmes at
regional and national levels and the type of BCS tests
applied in each country (independent variables), after
adjustment for various confounders (i.e., smoking habits
and others). The analysis was also repeated by country-
Volume 6 - Issue 3 - 2021
income level. Maximum likelihood estimation was used in
the multilevel analysis, where country-year data were
considered the first level of analysis, and the repeated
measures of countries as aggregated data were considered
as the second level. Linear mixed-model analyses were
performed with the R package lme4.

Ethical approval and consent to participate were not
required as this is an analysis of a secondary publicly
available data.
RESULTS

Mortality from breast cancer

Among all variables assessed as potentially predictive of
mortality, by far the most important factor was breast
screening examination, where the availability of mammog-
raphy in addition to SBE/CBE (as opposed to only SBE or
CBE examination) was linked to a lower mortality rate
[�4.16, 95% confidence interval (CI) �6.76 to �1.55].
Active smoking was also linked to BC mortality as well as
high LDL-c, diabetes and cardiovascular diseases. Interest-
ingly, BMI was inversely related to age-standardized BC
mortality. Details on the predictor variables in relation to
age-standardized BC mortality are presented in Table 1.

The addition of digital mammography and/or the use of
US on top of the rest of screening tests in comparison with
only SBE and/or CBE examinations was related to a similar
reduction in age-standardized mortality (�3.64, 95%
CI �6.59 to �0.70). Furthermore, only the presence of a
national screening programme in comparison with no or
pilot/opportunistic programme was related to less BC
mortality rates (�4.41, 95% CI �8.14 to �0.68; Table 1).
This BCS impact on mortality (BSE/CBE versus mammog-
raphy and/or BSE/CBE versus digital screening tests and/or
the previous tests) is further illustrated by country,
among high-income countries, middle-income countries
and low-income countries, showing also some variability in
the mortality outcomes from one country to another
(Figures 1-3).
Breast cancer disability adjusted life years

When the analysis was conducted on the same variables in
relation to age-standardized BC disability, the findings,
although overall similar with the mortality ones, changed in
magnitude. The availability of BCS examinations with
mammography as well as with digital mammography and
US (when compared with only SBE/CBE tests) decreased
DALYs by 21.9- to 22.3-fold, compared with the mortality
data. However, availability of national or regional BCS pro-
grammes was not linked to age-standardized BC disability.
In addition, other factors positively predicting age-
standardized BC DALYs were actual smoking habits, high
LDL-c, high BMI and diabetes, whereas secondary smoking
appeared to be inversely related with DALYs. Details on the
predictor variables in relation to BC DALYs are presented in
Table 2.
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Table 1. Age-standardized female breast cancer mortality in relation to
bioclinical factors and breast cancer screening programmes

Coefficient 95% CI

Cardiovascular diseases 0.025 0.02 to 0.03
Diabetes and kidney diseases 0.013 0.01 to 0.02
Neoplasms 0.04 0.02 to 0.05
High LDL-c 0.63 0.48 to 0.78
Smoking 1.55 1.34 to 1.75
Secondary smoke �0.02 �0.05 to 0.01
High BMI �0.13 �0.21 to �0.06
Only SBE/CBE tests Reference
MM and/or SBE/CBE tests �4.16 �6.76 to �1.55
DMM/US and/or the previous tests �3.64 �6.59 to �0.70
No country/pilot screening programmea Reference
Regional-wise screening programme �1.36 �4.89 to 2.18
National-wise screening programme �4.41 �8.14 to �0.68

Cardiovascular diseases, diabetes and kidney disease, and neoplasms are expressed
as age-standardized years lived with disability. Neoplasms estimates exclude breast
cancer. High LDL-c, smoking, secondary smoke and high BMI are expressed as age-
standardized summary exposure values (SEVs; range 0-100).
95 CIs, 95% confidence intervals; BMI, body mass index; CBE, clinical breast exam-
ination; DMM, digital mammography; DMM/US, digital mammography and/or ul-
trasound; LDL-c, low-density lipoprotein-cholesterol; MM, mammography; SBE,
self-breast examination; SBE/CBE tests, self-breast and/or clinical breast examina-
tion; SEV, summary exposure value; US, ultrasound.
a No country programme or existence of an opportunistic or pilot screening
programme.
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The aforementioned analysis was further stratified by
country income level to explore different patterns among
the BCS cancer programmes. A significant effect between
the implementation of national programmes in compar-
ison with no or only pilot/opportunistic programmes
was noted only among high-income regions in terms of
age-standardized BC mortality and DALYs rates. The
relationship between age-standardized female breast
cancer mortality and disability and breast cancer
screening programmes by country-income levels is shown
in Table 3.
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DISCUSSION

This study reaffirms the role of availability of mammo-
graphic (digital or conventional) and US BCS tests in relation
to mortality from BC, also highlighting the effect of risk
factors and morbidities such as smoking, diabetes and high
LDL-c in shaping mortality and disability in BC. Areas with
established national BCS programmes reported lower age-
standardized BC mortality. Furthermore, this study shows
for the first time the immense impact of types of BCS tests
in relation to age-standardized disability.

This study examined BC mortality in relation to BCS
programs availability providing stronger evidence of its ef-
fect from an international perspective compared with
single-country and specific health care system-based data as
per most of the related studies published previously.
Despite the acknowledged shortcomings of various BCS
studies in the past,11,13 our data further support the notion
that BCS (either through mammography or digital
mammography and US when added to self- and clinical
examinations) does have a strong contribution to decreases
in BC mortality. Digital mammography and/or US examina-
tions when available with other BCS examinations showed
also reductions in BC mortality. It was also shown that the
implementation of national-only BCS examination pro-
grammes was related to reductions in BC mortality when
compared with no or pilot BCS programmes. The current
country-based data showed also the association of other
risk factors and comorbidities with BC mortality, such as of
diabetes (possibly through the pathway of fasting plasma
glucose), cardiovascular diseases and high LDL-c, in line with
previous studies.33-35 As expected, active smoking was
related to increased BC mortality. Interestingly, high BMI
levels were inversely related to BC mortality, a result that is
supported by a recent study on the role of the adipose
tissue in premenopausal BC,36 along other studies showing
no significance of high BMI in BC.37 Considering the role of
B
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lifestyle factors in BC mortality, it may be an opportune
moment during BCS to focus also on interventions to
decrease smoking as well as to control diabetes and
cholesterol levels. With significant improvements in treat-
ments for BC, it is further argued that a combination of BCS
and more effective treatments is the ‘winning weapon’ in
decreasing BC mortality.38
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The data we present on disability are new. Some of the
factors that are linked to mortality and disease burden in
previous studies, such as active smoking or high LDL-c,34,39

were also associated with significant impact on age-
adjusted DALYs in this study. Although not expected,
secondary smoking was inversely related to BC disability.
However, mixed results have been reported in the
CD

HT

PS

M/US and/or previous tests

country
Afghanistan

Democratic Republic of the Congo

Ethiopia

Haiti

Mozambique

Palestine

Somalia

Sudan

Uganda

Yemen

st and among low-income countries/regions, 1990-2017.
mography and/or ultrasound; MM, mammography; SBE, self-breast examination;

https://doi.org/10.1016/j.esmoop.2021.100111 5

https://doi.org/10.1016/j.esmoop.2021.100111
https://doi.org/10.1016/j.esmoop.2021.100111


Table 2. Age-standardized female breast cancer disability (DALYs) in
relation to bioclinical factors and breast cancer screening programmes

Coefficient 95% CI

Cardiovascular diseases 0.004 �0.00 to 0.01
Diabetes and kidney diseases 0.07 0.06 to 0.08
Neoplasms 0.08 0.06 to 0.10
High LDL-c 23.72 19.58 to 27.87
Smoking 42.94 37.22 to 48.67
Secondary smoke �0.89 �1.71 to �0.07
High BMI 2.81 0.62 to 5.00
Only SBE/CBE tests Reference
MM and/or SBE/CBE tests �91.27 �158.17 to �24.37
DMM/US and/or the previous tests �81.31 �156.06 to �6.56
No country/pilot screening programmea Reference
Regional-wise screening programme �51.37 �141.65 to 38.92
National-wise screening programme �91.15 �186.32 to 4.02

Cardiovascular diseases, diabetes and kidney disease, and neoplasms are expressed
as age-standardized disability adjusted years of life. Neoplasms estimates exclude
breast cancer. High LDL-c, smoking, secondary smoke and high BMI are expressed as
age-standardized summary exposure values (SEVs; range 0-100).
95 CIs, 95% confidence intervals; BMI, body mass index; CBE, clinical breast exam-
ination; DMM, digital mammography; DMM/US, digital mammography and/or
ultrasound; LDL-c, low-density lipoprotein-cholesterol; MM, mammography; SBE,
self-breast examination; SBE/CBE tests, self-breast and/or clinical breast examina-
tion; SEV, summary exposure value; US, ultrasound.
a No country programme or existence of an opportunistic or pilot screening
programme.
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literature regarding secondary smoking and BC, indicating
the necessity for further research on this topic.40 Besides
these factors, the more advanced BCS tests available in a
country, the more the benefit related to age-standardized
BC disability. The impact of BCS availability on disability is
~22 times higher than in relation to mortality rates. This
signifies another dimension that has not been usually
focused on in BSC outcomes, acknowledging that mortality
and disability are not easily comparable outcomes. Un-
fortunately there is no similar previous research to
compare our results with but data obtained are striking.
Traditionally the effectiveness of screening programmes is
based on mortality statistics, but as people live longer
with improved treatments after the diagnosis of cancer,
DALYs should be considered as a significant outcome in
such evaluations. Furthermore, the identified factors that
impact on disability and morbidity need to be incorpo-
rated in preventative efforts, and again the BCS
Table 3. Mixed-effect multilevel regression to assess the relationship between
cancer screening (BCS) programmes, by country-income levels (high-, middle-, lo

Coefficient 95% CI

HICs

Mortality
No country/pilot screening programmea Reference
Regional-wise screening programme �7.81 �13.39 to �2.23
National-wise screening programme �9.71 �14.70 to �4.72

Disability (DALYs)
No country/pilot screening programmea Reference
Regional-wise screening programme �184.50 �315.47 to �53.54
National-wise screening programme �245.12 �362.28 to �127.9

Models are equally adjusted as previous tables.
95 CIs, 95% confidence intervals; DALYs, disability-adjusted life years; HICs, high-income co
a No country programme or existence of an opportunistic or pilot screening programme.
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programme may be an opportune moment to start
introducing such interventions.

It is also interesting to observe that when we added data
on availability of digital screening and US tests to BCS
programmes, the results for both mortality and disability
were also favourable. This result indicates the beneficial
effect of advanced BCS examinations as adds-on to
mammography and other BCS examinations (SBE and/or
CBE). However, until today mixed evidence has been re-
ported about screening examinations that practice shift
from film-screen mammography to digital mammography
and their relations to intervals and detection of cancer rates
as well as their impact on health benefits in women who
were screened.41

Low-income countries and lower-middle-income coun-
tries often lack the infrastructure for providing population-
based mammography. Our stratified analysis by country
income level did not show significant results among low- to
middle-income countries but only in high-income countries.
Despite our findings, BSE and CBE should be offered in such
countries with weak health care systems, as on some oc-
casions the results may be comparable with that of
mammography, low and middle income countries are pre-
sented in Figures 2 and 3. In such a case, breast self-
examination and CBE should be the more cost-effective
option to screen for BC, although issues around low
health literacy, raising awareness through health education
and minimizing stigma need to be considered.42,43 However,
we have no concrete data on the effectiveness of such
screening approaches, and these are urgently needed to
maximize the impact of BCS practices where it is needed the
most.

This analysis raises several new questions. What is the
added value of using digital screening methods and film-
screen mammography compared with only self- and CBE?
Can a risk-based breast screening44,45 (with lifestyle and
health data as shown in this analysis) lead to improved BC-
related mortality and disability outcomes, particularly in
countries where a population-based screening programme
cannot be offered? Better head-to-head data on the
effectiveness of different breast screening approaches are
further needed. Furthermore, BCS programmes can be used
age-standardized female breast cancer mortality and disability and breast
w-)

Coefficient 95% CI Coefficient 95% CI

MICs LICs

�1.49 �5.86 to 2.88 3.85 �2.48 to 10.17
�2.90 �7.77 to 1.97 �0.66 �7.52 to 6.20

�55.72 �184.06 to 72.62 78.07 �55.04 to 211.17
6 �53.76 �195.55 to 88.03 49.58 �94.56 to 193.73

untries; LICs, low-income countries; MICs, middle-income countries.
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as an opportunity to provide health and lifestyle improve-
ment messages and interventions, alongside social media-
based and mobile health (mHealth)/electronic health
(eHealth) interventions.

Limitations of this study are a lack of comprehensive
information on availability of BCS programmes in some
countries, which we tried to resolve by asking personal
contacts in these countries. However, some of these data
may be inaccurate, as we do not know whether an avail-
able BCS programme on paper is actually implemented on
the ground and what is the uptake of BCS in each country/
region. Taking into account the nature of the data, cau-
sality cannot be established. There may also be other risk
factors related to mortality and disability; we have
included a reasonable number of them in the earlier
analysis (such as plasma glucose and others); however, as
their contribution was close to ‘0’ and/or due to model
collinearity, we have excluded them from our final anal-
ysis, to create a stronger outcome model. There were also
significantly improved changes in treatments for BC over
the past 2 decades that have not been captured in the
current analysis and will contribute to the mortality rates
shown. Another limitation is that the data analysis could
not adjust for other factors39 influencing BC population
mortality and disability (due to the GBD study's
population-based nature), such as variance in genetic
factors, adherence to specific treatments and invasive
surgeries, that could also affect the presented estimations.
Any limitations in previous publications of the GBD are
also applicable to this study,16 mostly the challenges in
capturing sources of uncertainty,39 lags in BC and other
related data availability, variation in coding practices and
other biases, and limitations of existing analytical tools,
which may not fully capture temporal trends in BC mor-
tality and disability.
Conclusions

The data from the current cross-country analysis add to the
argument of the positive effects of BCS in the age-
standardized female mortality and DALYs rates in BC. The
proposition from this discussion is to not only have orga-
nized mammographic BCS programmes, implemented at the
national level, but also to introduce the BCS interventions
to address effectively risk factors and comorbidities related
to BC mortality and disability. Besides, BCS needs to opti-
mize benefits, reduce morbidity and balance adequately
false-positive and false-negative rates, as highlighted by the
European guidelines for BCS and diagnosis.46 Finally, data
are presented in simple terms to allow policy makers to set
up their own priorities to improve BC mortality and
disability within the central focus of organized BCS
programmes.
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