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Abstract

Background Breast cancer (BC) is one of the most burdensome cancers worldwide. Despite advancements in diag-
nostic and treatment modalities, developing countries are still dealing with increasing burdens and existing dispari-
ties. This study provides estimates of BC burden and associated risk factors in Iran at the national and subnational
levels over 30 years (1990-2019).

Methods Data on BC burden for Iran were retrieved from the Global Burden of Disease (GBD) study from 1990 to
2019. GBD estimation methods were applied to explore BC incidence, prevalence, deaths, disability-adjusted life years
(DALYs), and attributable burden to risk factors based on the GBD risk factors hierarchy. Moreover, decomposition
analysis was performed to find the contribution of population growth, aging, and cause-specific incidence in the total
incidence change. Age-standardized rates (per 100,000 population) and 95% uncertainty intervals (Ul) were reported
based on sex, age, and socio-demographic index (SDI).

Results Age-standardized incidence rate (ASIR) increased from 18.8 (95% Ul 15.3-24.1)/100,000 in 2019 to 34.0
(30.7-37.9)/100,000 in 2019 among females and from 0.2/100,000 (0.2-0.3) to 0.3/100,000 (0.3-0.4) among males.
Age-standardized deaths rate (ASDR) increased slightly among females from 10.3 (8.2-13.6)/100,000in 1990 to 11.9
(10.8-13.1)/100,000 in 2019 and remained almost the same among males—0.2/100,000 (0.1-0.2). Age-standardized
DALYs rate also increased from 320.2 (265.4-405.4) to 368.7 (336.7-404.3) among females but decreased slightly in
males from 4.5 (3.5-5.8) t0 4.0 (3.5-4.5). Of the 417.6% increase in total incident cases from 1990-2019, 240.7% was
related to cause-specific incidence. In both genders, the BC burden increased by age, including age groups under

50 before routine screening programs, and by SDI levels; the high and high-middle SDI regions had the highest BC
burden in Iran. Based on the GBD risk factors hierarchy, high fasting plasma glucose (FPG) and alcohol were estimated
to have the most and the least attributed DALYs for BC among females, respectively.

Conclusions BC burden increased from 1990 to 2019 in both genders, and considerable discrepancies were found
among different provinces and SDI quintiles in Iran. These increasing trends appeared to be associated with social
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and economic developments and changes in demographic factors. Improvements in registry systems and diagnostic
capacities were also probably responsible for these growing trends. Raising general awareness and improving screen-
ing programs, early detection measures, and equitable access to healthcare systems might be the initial steps to

tackle the increasing trends.
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Background

Cancer is responsible for a majority of deaths due to
non-communicable diseases (NCDs) and is among the
main barriers to increasing life expectancy and declin-
ing mortality rates in numerous nations worldwide [1, 2].
Breast cancer (BC) is one of the most burdensome can-
cers globally, responsible for most cancer deaths glob-
ally. BC is estimated to be the most frequently diagnosed
cancer, considering both sexes, and it is the first leading
cause of cancer death among females [3]. Although BC in
males accounts for approximately 1% of all BCs globally
(diagnosed in 1:1000 of males), its incidence seems to be
increasing [4, 5].

Among all malignancies diagnosed, BC is ranked first
in Iranian females, with an estimated age-standardized
incidence rate (ASIR) of 44.0 (95% uncertainty interval
[UI]: 36.4-52.0) 100,000 population in 2016, based on
the National and Subnational Burden of Diseases (NAS-
BOD) project report on BC [6]. Estimates from prior
studies have revealed increasing trends in BC incidence
and mortality rates in Iran and the globe. Recent studies
predicted an increase of about 63% in the new BC cases
in Iran in the year 2025 compared with 2016, as the lead-
ing cancer among Iranian females [7]. Based on previous
reports, BC seems to involve Iranian males with a higher
frequency than the world’s average (approximately 2.8%
of primary BC cases in the country) [8]. Besides, the
5-year survival rate of BC was estimated to be relatively
lower than in developed countries [9]. As a developing
country, Iran has been in a transitional period and has
faced numerous challenges due to modernization over
recent decades [10]. The World Bank categorized Iran as
a lower-middle-income and upper-middle-income coun-
try in 1990 and 2019, respectively [11]. Economic devel-
opments and demographic changes over recent years are
believed to be the major causes of the growing trends in
the burden of cancers [2, 12-14]. Geographic and climate
diversities, cultural variations, genetic factors, lifestyles,
socioeconomic status, and population aging and growth
might also be potential factors leading to increasing
trends and disparities in burden among provinces in Iran
[2,15].

Accordingly, it is worthwhile to estimate and analyze
BC trends in Iran at national and subnational levels to
have a clearer vision of the burden of BC on the Iranian

population and public health. The most updated esti-
mates around BC in Iran were limited to a recent study
by Ataenia et al. up to 2016. The authors reported inci-
dence, mortality, and years of life lost (YLLs) for females
at the national and subnational levels [16]. In the current
study, we aimed to report the most up-to-date estimates
of BC burden in Iran according to the Global Burden of
Disease (GBD) study 2019 by estimating all measures
related to the burden of disease, including incidence,
prevalence, mortality, YLLs, years lived with disabil-
ity (YLDs), and disability-adjusted life year (DALYs), at
the national and subnational level for both females and
males, based on age groups and socio-demographic index
(SDI) and to report the burden attributable to known risk
factors over thirty years from 1990 to 2019. This analysis
will also provide policymakers and national authorities
with a broader vision and a whole picture, highlight-
ing possible disparities in different regions of Iran as an
upper-middle income country in the middle-east region,
which helps them tailor up-to-date strategies and allocate
resources more efficiently.

Methods

Overview of the GBD study

The GBD study provides comprehensive and comparable
health estimates around the burden of diseases and inju-
ries worldwide. The GBD study 2019 (the most up-to-
date iteration of the GBD study) estimates the burden of
369 causes of death and disability and 87 risk factors and
groups of risk factors at the global and regional levels for
204 countries and territories among females and males
[17]. We obtained publicly available data from the Global
Health Data Exchange (GHDx) query online tool (http://
ghdx.healthdata.org/gbd-results-tool) regarding the bur-
den of BC, including annual all-ages numbers and ASIR,
age-standardized deaths rate (ASDR) and prevalence
rate, YLLs, YLDs, and DALYs over 30 years, from 1990 to
2019, in Iran at the national and subnational levels. (All
the provinces of Iran are shown on the national map in
the Additional file 1: Fig. 1.) The source of data from sci-
entific papers and disease registry systems that have been
used by the GBD study 2019 to estimate the burden of BC
in Iran and subnational districts is provided in Additional
file 2: Table 1. International Classification of Diseases 10
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(ICD-10) codes (C50-C50.629, C50.7, C50.8-C50.929,
D05-D05.92, D24.0-D24.9, D48.6-D48.62, D49.3, Z12.3-
712.39, 780.3, Z85.3, and Z86.000) were utilized to iden-
tify BC, which is defined as the code B.1.14 in the GBD
2019 list of causes of death and disability. This study fol-
lows the Guidelines for Accurate and Transparent Health
Estimates Reporting (GATHER) [18].

Cancer burden estimation

The GBD study employs various estimation and modeling
tools to provide comparable results around the global
burden of diseases and injuries. The detailed process of
burden estimations regarding primary values, including
incidence, prevalence, mortality, YLLs, YLDs, and DALYs
in the GBD 2019 study, has been described in detail
elsewhere [17]. Here, we briefly describe the estimation
methods of these primary values by the GBD study.

In some regions, cancer mortality data are scarce,
while cancer incidence data are more accessible through
population-based cancer registries. So, to maximize data
informing mortality models, the GBD study transforms
incidence data into cancer mortality estimates using
modeled mortality-to-incidence ratios (MIRs). First, inci-
dence and mortality data obtained from cancer registries
(inputs) were processed to generate crude MIRs. Final
cancer cause-specific MIRs were estimated using a spati-
otemporal Gaussian process regression (ST-GPR) by uti-
lizing Healthcare Access and Quality (HAQ) index, age,
and sex as covariates. The MIR estimates using the ST-
GPR model were then multiplied with incidence data to
generate crude mortality estimates. Subsequently, MIR-
transformed mortality data were pooled with mortality
data obtained from vital registries and verbal autopsies
and were used as inputs in cancer-specific Cause of
Death Ensemble models (CODEm) [19-21]. CODEm
produced models of deaths for each cause, sex and age
group, and time point within the GBD study by selecting
models based on out-of-sample predictive validity. Even-
tually, the predicted mortality estimates were adjusted to
align with independently modeled estimates for each sex-
age group-location-year [17].

Incidence estimates were generated from modeled can-
cer mortality estimates using BC MIRs for each sex, age
group, location, and year. Prevalence of BC was modeled
using incidence, mortality background, and estimated
relative survival curves and their correlation with mod-
eled MIRs. For the estimation of YLDs, the estimated

MIR (Mortality —to—Incidence Ratio) =
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prevalence was multiplied by the corresponding BC-
specific disability weight. Disability weight for each
cause describes the severity of health loss with that spe-
cific cause, ranging from O (full health) to 1 (death) [17].
Accordingly, YLLs were calculated by multiplying the
difference between the number of deaths due to BC in a
specific age group by the remaining standard life expec-
tancy at the age of death. DALYs also represent the sum
of YLDs and YLLs [17, 22].

Socio-demographic index (SDI)

We categorized Iranian subnational districts by SDI into
five quintiles (low, low-middle, middle, high-middle,
and high SDI). We calculated this index according to the
previously described methods based on the lag distrib-
uted income per capita, average educational attainment
(schooling years) for individuals over 15 years, and the
fertility rate in females under 25 years, which could be
found elsewhere [23].

Decomposition analysis

We performed decomposition analysis in this study to
find the attribution of population growth, population
aging, and BC incidence rate in the total change of BC
incident cases between 1990 and 2019. We performed
this analysis based on the previously described method,
which could be found elsewhere [24]. Briefly, two steps
were taken to analyze this attribution: in the first step, the
age structure, sex structure, and BC rates of 1990 were
applied to the total population of 2019. The difference
between this step and the total number of new cases in
1990 was attributed to population growth. In the second
step, the BC incidence rate from 1990 was applied to the
age structure, sex structure, and population size of 2019.
The difference between these two steps was attributed
to population aging. Eventually, differences between the
total number of incident cases in 2019 and the second
step were attributed to true changes in the BC-specific
incidence rate.

Mortality-to-incidence ratio (MIR)

To report the age-standardized MIRs in this study, we
divided ASDR by ASIR, obtained from the GBD results
for BC, for each sex-age group-location-year combina-
tion as follows [25]:

Age—standardized deaths rate (ASDR)

Age—standardized incidence rate (ASIR)
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To calculate the MIRs, we used the final estimated val-
ues for incidence and mortality (outputs) after the mod-
eling systems utilized by the original GBD estimation
processes described earlier in the methods section. The
MIR calculation was validated previously for BC in the
country using local data as part of the NASBOD project
and at the global scale using GBD 2019 data [6, 26].

Estimation of the breast cancer burden attributable to risk
factors

The GBD study has incorporated a comparative risk
assessment framework comprising a risk factor hierar-
chy categorized into three main groups (environmental
and occupational, behavioral, and metabolic risks) and
four levels to assess the attributable burden to different
risk factors. Counting all specific risk factors and aggre-
gates, the GBD study 2019 includes 87 risks or clusters of
risks [27]. Risk factors for BC were included in this study
based on the GBD risk factor hierarchy at the 4th level, as
follows: alcohol use, smoking, secondhand smoke, high
fasting plasma glucose (FPG) [28], diet high in red meat,
high body-mass index (BMI), and low physical activity.
These risk factors have been included in the last itera-
tion of the GBD study (2019) as the risk factors known to
be associated with BC; for more details on the inclusion
process of the risk factors, refer to the original GBD 2019
risk factors summary paper [27].

Detailed methods of estimating risk factors attrib-
uted burden could be found elsewhere [27]. Briefly, the
GBD comparative risk assessment framework followed
a six-step approach to compute the fraction of cancer-
specific burden attributable to risk factors in the GBD
study 2019. In the first step, risk factors with convincing
or probable evidence for a causal association were identi-
fied using the World Cancer Research Fund criteria [29].
In the next step, relative risks (RRs) were estimated for
each risk-outcome pair as a function of exposure. The
meta-analytic approach was updated for a selected set
of continuous risk factors in the GBD study 2019, using
the meta-regression-Bayesian, regularized, trimmed
(MR-BRT) mixed-effects model. In the third step, expo-
sure levels and distributions of risk factors were mod-
eled for each sex-age-location-year combination using
existing data from published studies, household surveys,
censuses, administrative data, ground monitor data, or
remote sensing data. The GBD study modeled risk factor
exposure levels using either a Bayesian meta-regression
modeling tool (DisMod-MR 2.1), a flexible approach
incorporating age- and sex-specific data, or ST-GPR,
which was the preferred approach when exposure was
stable across different age groups. In the fourth step,
the theoretical minimum risk exposure level (TMREL)
was identified for each risk factor. In the next step, the
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population attributable fraction (PAF) was computed
for each risk-outcome pair for each sex-age-location-
year based on the RRs, exposure levels, and the TMREL.
Then, correction for PAF overestimation, which might
occur if the independence of certain risk factors was
assumed, was performed using a mediation matrix. In
the last step, to estimate the BC burden attributable to
each risk factor, YLLs, YLDs, and deaths were multiplied
by the corresponding PAF of each risk factor for each
sex-age-location-year combination. The sum of YLLs and
YLDs was used to estimate the DALYs attributable to risk
factors [27, 30, 31].

Statistical analysis

Age groups for BC were defined from 15 to+ 80 years on
a 5-year basis. Crude all age numbers for the primary val-
ues have been reported in this study, and the rates have
been reported per 100,000 population. Age-standardized
rates were estimated using the direct method of stand-
ardization and the GBD world population standard and
were reported per 100,000 population [22]. We calculated
and reported percent changes (PCs) for all the measures
between 1990 and 2019. Annual percent changes (APC)
were also generated to measure the trend of the age-
standardized rates changes over the study period. To this
end, we applied a regression line to the natural logarithm
of the age-standardized rates, and 95% confidence inter-
vals were also reported. Besides, we performed Pearson’s
correlation tests to evaluate the correlation between dif-
ferent burden measures and SDI and between females
and males in different provinces regarding age-standard-
ized rates for each measure. We performed all analyses
and data visualizations using Stata version 13 (StataCorp
LLC, TX, USA) and R version 3.5.0; statistical codes are
publicly available elsewhere [17]. For all estimates, the
95% Ul is reported by obtaining 1000 samples of the
posterior distribution and marking the 25th and 975th
ranked values across all 1000 draws, which covers the
proportion of data point mean values that fall between
the 2.5th and 97.5th percentile of the draws of the fit val-
ues [17].

Results

Breast cancer incidence and prevalence in Iran

Overall, BC incidence case number among females
increased by 5.2-fold from 2,835 (95% UI: 2352-3575)
in 1990 to 14,743 (13,248-16,469) in 2019 in Iran.
Similarly, ASIR for females increased from 18.8 (15.3—
24.1)/100,000 to 34.0 (30.7-37.9)/100,000, with 81.2%
(34.6-130.5) PC and 1.87 (1.69-2.05) APC in the same
period (Table 1 and Additional file 3: Table 2). Among
males, the number of incident cases also increased
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Fig. 1 Time trends of breast cancer age-standardized incidence, prevalence, deaths and disability-adjusted life years (DALYs), rates (per 100,000
population) and numbers and 95% Uls in Iran, from 1990 to 2019 for both sexes

from 36 (27-48) to 120 (98-143) over this period, with
28.6% (— 13.2-80.4) PC and 0.39 (0.05-0.74) APC in
their ASIR. Males comprised approximately 1.2% of the
total incidence in 1990 (36 [27-48]/2871 [2389-3608]),
while approximately 0.8% of all incident cases in 2019
(120 [98-143]/14,863 [13,372—-16,590]) were male BC.
Annual trends illustrated in Fig. 1 show ASIR trends and
the all-ages number of incidence from 1990 to 2019. The
overall age-standardized prevalence rate of BC in Iran
was estimated as 312.el (281.5-345.4)/100,000 in 2019
for females, which was remarkably higher than its rate
in 1990, estimated as 178.6 (149.7-216.4)/100,000. For
males, this rate increased from 2.0 (1.6-2.6)/100,000 to
2.8 (2.3-3.3)/100,000 over this period.

At the subnational level, all provinces in Iran experi-
enced a remarkable increase in ASIR for both females
and males (Fig. 2A, B, and C), and the average ASIR,
considering both sexes, almost doubled over the study
period—Iran’s provinces are illustrated on the national
map in Additional file 1: Fig. 1. In 1990, the high-
est and lowest ASIR for females among all provinces
were 30.3 (21.0-43.0)/100,000 (Tehran) and 10.4 (6.6—
16.2)/100,000 (Kohgiluyeh and Boyer-Ahmad), respec-
tively, while in 2019, the highest and lowest rates were
estimated as 41.8 (33.3-52.6)/100,000 (Alborz) and 20.0
(15.5-25.7)/100,000 (Sistan and Baluchistan), respec-
tively. Taking both sexes into consideration, the maxi-
mum and minimum ASIR were 14.9 (10.4—21.2)/100,000
(Tehran) and 5.1 (3.3-7.9)/100,000 (Kohgiluyeh and
Boyer-Ahmad) in 1990 and 20.8 (16.5-25.8)/100,000
(Mazandaran) and 10.1 (7.8-12.9)/100,000 (Sistan and
Baluchistan) in 2019, respectively, see Additional file 4:

Fig. 2A, Additional file 5: Fig. 2B, and Additional file 6:
Fig. 2C. Almost all provinces experienced this remark-
able increase in ASIR for females and males (Additional
file 7: Table 3).

In order to evaluate changes in ASIR from 1990 to
2019, PCs were assessed in two major periods, based on
the two main periods over the original GBD study 2019
[17]: 1) between 1990 and 2010; 2) between 2010 and
2019 (Fig. 3A and Additional file 8: Table 4). In Tehran,
the capital of Iran, the total (both sexes) PC of ASIR in
the second period was almost sixfold higher than the first
period, with the overall ASIR PC of 35.5% (— 12.9-111.0)
from 1990 to 2019—not statistically significant increase.
Regarding sexes, no province at the subnational level
had a negative ASIR PC in females in both periods, while
some provinces had negative ASIR PCs in males during
the second period, illustrated in Fig. 3A. The highest neg-
ative ASIR PC for males was — 7.1% (— 47.9-75.2; Sistan
and Baluchistan). On the other hand, the highest posi-
tive ASIR PC for females was 131.8% (30.5-310.2; Kohgi-
luyeh and Boyer-Ahmad), and Ilam had the highest APC
in incidence rate of 3.31 (3.11-3.51) among all provinces
between 1990 and 2019 (Additional file 3: Table 2).

Moreover, the highest age-standardized prevalence
rates at the subnational level in 2019 were estimated at
383.7 (311.1-470.1)/100,000 (Alborz) for females and 6.9
(5.0-10.0)/100,000 (Yazd) for males, while the lowest age-
standardized prevalence rates for females and males were
179.6 (146.6-223.7)/100,000 and 1.8 (1.3—-2.4)/100,000,
respectively (both in Sistan and Baluchistan); see Addi-
tional file 7: Table 3.



Page 6 of 26

Aryannejad et al. Breast Cancer Research 2023, 25(1):47

sabe |y,

(000001 42d) 3104 pazIpIepUR)S-36Y
s|eAsa1ul A1Ule1ISDUN 9466 dJe sasayiualed uj eleq

(6'l6€ 6115 (£59'€L (9s0°€1 (6€LT (lLLz
0199¥1) T'LST 0} #'%0€) T LTy (8'9€S 01 G0€) 611 (£€10179) €6 01/889)9166  ©019569) 60001 (8€01/1)9C 0158¢71) €061 01¥0€L) 6261  JoqUINN
(Lecl
(06017€) T8 (SSTLOIF6E) 18 019'Th) [ 78 (€00170)T0 (FlE0IEGL)8CC  (8GL0I08)GLL  (€00110)T0  (#'810358) 9Tl (060 7)) T9 aey SA1A
(6681 (582 (zese (6891 (016'991 03 (205'891 O} (666'65 (0££'09
0}9%S) €611 018%¥l) LSl 0}S¥rl) TrLT 019671) TLGL  €0S'8€1) 0/S'LSL  SZ0'0%1) 780'ESL (S68010GS) C0Z  ©1089'0%) 9L0'8F O} /SE'LY) 8L/'8y  J9qUInN
(6'08¢ @16l (P98 (8881
F8LO16LE) LTl- (OFO19%1) STl (CEr 01Tl ¥SL (cyorce) e 01691€) 6'StE 019651) L'/l (9501¥E) € 01 /'550) 9'/0¢ 016'G21) 8051 ey STIA
(6l (zee6e (£06¢ 0621 (005221 0} (lgg'6L1 03 (02129 (c68'79
017'89) +'0C! 018051) G€CT 01 1'0S1) 7ee 016/€1)S09L  £TT/¥1)98F'L9L  908'8FL) L60'€E9L (976 0} #/G) 8/ ©0180TCH) 616'6F Ol ¥L0'EH) /F9'0S  JaGUINN
Sty (704 (Feo (F'sor (1861
(L0701 1'9¢-) L 0L~ O /L) TSl (G 0167) T8l Sy o159t 0} £'9£€) £'89¢ 01/'691)968L  (8501G€) G 0} ¥'59¢7) T0CE 01 /0€1) 0'/GL ey SAIvd
(ceee (8le (evle (¢618 (0szs (96/1 (€T8lL
01GT/) 8ChlL 01 7'LS1)6CET O t'1S1) G'lET (€9 01 8t) 95 0190¢) ¥OLY 01 79¢Y) 09L% (0g 018l) € 01091L1) €1l 019811) 9¢FL  JoquinN
L1y (661
(97c0o /) v LL- 0} 'Sl 67l 01 7tl-) S9l (C00r10)T0 (L'€EL0I8OL)6'LL (99016609  (Z00¥10)T0 (9€1 03178 €0L (90} 1'p) I'S aey syiesq
(®/L€ Ovls (CLLs (08zlL (90’6171 03 (18%'051 03 (98v'L€ (SL'1€
0} 1'191) T6SC 0} 1'ZLE) 6Ty 016'LLE) LY 01988) 0/0L  SS6'0TL) Z8L'FEL  L10'TTL) LST'SEL (€8€ 0} E€T) 86C O3 H/1'C7) 091'9C O v6%'7¢) 854'9C  1oqUInN
(6801 (rett ('sye (LeL1 #ale (0901
(86£01 /1) €LE 0Y6'0Y) L7/ 0} ¥'t7) S8/ (£€01€7) 8¢ 015'187) L'ClE 0} /1¥1) 6951 (9701 91) 0T 0} /'6%71) 981 0}/€/)6'/8 ey  9dUS[eAdId
(9'89¢ Fers (69%'91 (06591 (S/5¢ (809¢
01G€TL) THET (975016760 OCF 01/T60)9/ly  (EFL0186) 0Tl  OIBKTEL) /Pl 0} TLE'EL) €981 (8 03 £0) 9¢ 0} 75€0) 5€8¢ 0168€7) 1/87 JoquinN
(SoeL
(#08017€l-) 98T 019%E) T'L8 (SEL O}/ /E) 818 #001€0) €0 (6££01206)0FE (L'6LOIFSL) 'Ll (€00170)T0 (L¥C O €GL) 88l 811015/ €6 9y 2duUdpdUY|
sl 9lewsa4 ylog olew 9leway ylog slew 9Jeway ylog
(6L0Z 03 066 1) 3bueyd % 610C 066L JUIBW  dinseal

000001 Jod) sa1e1 Ag (SATA) AUlIGesIP yum pa

S9leW pue ‘S3[RWIR) 'saXas Y10d 10} ‘6107 PUR 066 | UDaMISq Uel| Ul sabueyd 1uadiad yim siaquinu pue (uopejndod

s1eak pue “(STTA) 350] 3jI| JO SieaA ‘(SATVQ) S1eak i) paisnipe-Aljigesip ‘syieap ‘@dusjeraid ‘@duspidul J19dued isealg | ajqeL



Aryannejad et al. Breast Cancer Research 2023, 25(1):47

Regarding SDI quintiles at the subnational level, ASIR
increased with SDI in both 1990 and 2019. The mean
ASIR for high and high-middle SDI was approximately
doubled from 1990 to 2019. Low, low-middle, and mid-
dle SDI quintile regions also experienced this remarkable
increase, while mean ASIRs in these regions were overall
lower than that of high-middle and high-SDI regions in
1990 and 2019 (Fig. 3B).

Decomposition analysis revealed that 133.0% and
44.0% of the total 417.6% change in incident cases from
1990 to 2019 were attributable to age structure change
and population growth, respectively. Thus, it was esti-
mated that 240.7% of the total increase in new cases was
related to the true increase in the BC-specific incidence
over this period. All the decomposition analyses for both
females and males at the national and subnational levels
are presented in Table 2.

The breast cancer burden of deaths and DALYs in Iran

BC led to 4704 (4306-5192) deaths among females in
2019, almost 3.3-fold more than 1990 with 1413 (1160-
1796) deaths at the national level. ASDR for females also
increased slightly over these 30 years from 10.3 (8.2—
13.6)/100,000 to 11.9 (10.8-13.1)/100,000, which had
a PC of 14.9% (— 15.1-47.7) and 0.50 (0.34—0.66) APC.
Moreover, the age-standardized DALYs rate of females
was 368.7 (336.7—-404.3)/100,000 in 2019, 15.2% (— 11.7-
42.5) higher than of 1990 (320.2 [265.4-405.4]/100,000),
0.51 (0.36—0.65) APC; however, the overall PCs in age-
standardized DALYs and ASDR in males decreased over
this period (-10.7% [— 36.1-20.7] and — 11.4% [— 37.0-
22.6], respectively). It is worth mentioning that 93.8% of
the overall age-standardized DALYs rate in both sexes
was related to YLLs in 2019, while this proportion was
96.0% in 1990 (Table 1).

At the subnational level, ASDR and age-standardized
DALYs rate increased remarkably in most provinces
of Iran; these increasing rates were mostly estimated
for central and northern parts of Iran, as illustrated
in Figs. 2A, B, and C. Females had positive ASDR PCs
in most provinces, while males mostly had negative
ASDR PCs in Iran (Fig. 3A). Changes in age-standard-
ized DALYs rate also revealed almost a similar pattern
to ASDR in most provinces for both sexes (Fig. 3A).
Based on Fig. 3A, two provinces (Ilam and Zanjan) had
the most remarkable deviation from the others and the
overall PCs in age-standardized DALYs and ASDRs in
the country and had the highest positive PCs in the first
period; however, they had PCs lower than average in the
second period. Ilam had the highest APCs in age-stand-
ardized DALYs and ASDR between 1990 and 2019, 1.75
(1.63-1.87) and 1.80 (1.63-1.96), respectively (Additional
file 3: Table 2).

Page 7 of 26

All the provinces’ rankings in terms of ASDR for both
sexes and females and males separately are presented in
Additional file 4: Fig. 2A, Additional file 5: Fig. 2B, and
Additional file 6: Fig. 2C. Among females, the highest
estimated ASDR in 1990 was 14.3 (9.9-20.8)/100,000
(Tehran). The first-ranked province in 2019 had, simi-
larly, an ASDR of 14.3 (11.6—17.2)/100,000 (Qom); how-
ever, the lowest ASDR for females was estimated at 7.5
(5.7-9.7)/100,000 (Chahar Mahaal and Bakhtiari) in
2019 compared to 6.4 (4—10.2)/100,000 (Kohgiluyeh and
Boyer-Ahmad) in 1990 (Additional file 5: Fig. 2B). Males
had ASDRs of approximately 0.5/100,000 or lower in
1990 and 2019 (Additional file 6: Fig. 2C). Considering
YLLs and YLDs, both rates increased remarkably in Iran
and almost all provinces; however, only limited prov-
inces experienced decreasing YLLs while having increas-
ing YLDs from 1990 to 2019, such as Tehran and Chahar
Mahaal and Bakhtiari (Fig. 4A).

Based on SDI quintiles, the ASDR and the age-stand-
ardized DALYs rate in all quintiles were higher in 2019
compared to 1990. Overall, high and high-middle SDI
quintiles had slightly higher mean ASDRs and age-stand-
ardized DALYs rate than the others (Fig. 3B).

Age-related breast cancer burden

Based on age groups, both sexes’ incidence and deaths
rates were higher in almost all age groups in 2019 than
in 1990 at the national level. Overall, the incidence rate
increased by age in both 1990 and 2019, and the highest
incidence rate was estimated in the 75-79 age group in
both 1990 and 2019. Females were diagnosed with BC
at younger age groups than males who were diagnosed
with BC, mostly over 40—45 years. Females over 80 also
experienced the highest increase in the incidence rate
over this period (Fig. 4B). Although ASDR among males
did not change remarkably in different age groups, it
increased considerably in females of all age groups over
this period (Fig. 4B). DALYs rate also increased among
Iranian females of all ages from 1990 to 2019, while it
had a reverse U-pattern association with age, reaching a
peak at around 1,144/100,000 in the 55-59 age group in
2019. The highest age-standardized YLDs rate was esti-
mated for the 75-79 age group, followed by 65-69 years
(Fig. 4A). Of note, men had a negative change regard-
ing DALYs rate in most age groups from 1990 to 2019.
We found that the +70-age group had highest ASIR and
ASDR compared to<50 (15-49) and 50-69 age groups,
while the 50-69 age group had the highest age-standard-
ized DALYs rate in both 1990 and 2019. It is worth noting
that the most remarkable increases in the age-stand-
ardized rates were found<50 years (15-49 age group)
compared to age groups 50-69 and+ 70 years since the
15-49 age group had highest PCs between 1990 and
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Fig. 2 Breast cancer age-standardized incidence, prevalence, deaths, and disability-adjusted life years (DALYs) rate
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between 1990 and 2019 in Iran at the subnational level for A both sexes, B females, and C males

2019 despite the relatively lower rates in this age group
(Table 3).

At the subnational level, almost all 31 provinces had a
similar increasing pattern to the national trend of Iran
for ASIR and ASDR by age groups, with the highest
rates estimated for age groups over 70 years. Besides, the

highest ASDR was estimated for the +80-age group in all
provinces. In almost all provinces, DALYs rate followed a
similar pattern to Iran, with the highest rates estimated
for middle-aged groups (Additional file 9: Fig. 3, Addi-
tional file 10: Fig. 4, Additional file 11: Fig. 5 and Addi-
tional file 12: Fig. 6).
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Fig. 2 continued

Correlation between measures of burden and SDI

We found a high positive correlation between age-stand-
ardized rates of all burden measures and SDI in females
(Additional file 13: Table 5), and the highest Pearson’s
correlation coefficients (r) were calculated for incidence,
prevalence, and YLDs (r>0.80). On the contrary, males
had low correlations between the measures and SDI, and
the lowest negative correlation in males was found for
death rates (r=— 0.05).

Correlation between females and males in different
provinces regarding BC burden

We found positive correlations between females and
males with reference to ASIR, ASDR, and age-standard-
ized DALYs rate in different provinces in the year 2019
with r of 0.54, 0.43, and 0.40 respectively. However,
there were no meaningful positive correlations between
females and males for the age-standardized rates in 1990

(Fig. 5).

Mortality-to-incidence ratio (MIR)

Overall, age-standardized MIR for BC revealed a down-
ward trend in Iran and all provinces for both females and
males (Fig. 6). Generally, males had a higher MIR than
females in Iran, but they followed almost a similar pattern
in all provinces. The overall age-standardized MIR for BC
in Iran was 0.35 in 2019 compared to 0.55 in 1990. At the
subnational level, the highest and the lowest MIR in 2019
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were estimated as 0.48 and 0.30, respectively (Sistan and
Baluchestan and Mazandaran). In 1990, the highest and
the lowest MIR were also recorded in the same provinces
(0.73 and 0.48, respectively).

The breast cancer burden attributable to risk factors

Due to the scarce data around risk factors attributed
burden in males, we have only provided the attribut-
able burden to risk factors in females. Overall, deaths
and DALYs rate attributable to each risk factor had
upward trends in Iran and all SDI quintiles from 1990
to 2019; high and high-middle SDI quintiles gener-
ally had the highest deaths and DALYs rate attribut-
able to risk factors, except for high BMI (Fig. 7A and
B). High FPG exerted the highest burden among risk
factors, followed by secondhand smoke, low physical
activity, diet high in red meat, smoking, and alcohol
use (Table 4). High FPG-related ASDR for females was
1.1 (0.2-2.4)/100,000 in 2019 with 117.1% (52.0-210.1)
increment compared to 1990, and its age-standard-
ized DALYs rate was 28.1 (5.5-61.0)/100,000 in 2019
(PC of 117.1% [60.6—194.2] from 1990 to 2019). Alco-
hol use, on the other hand, had the least attributable
burden, with the age-standardized DALYs rate of 1.3
(0.9-1.8)/100,000 among Iranian females, followed by
high-BMI with the attributed age-standardized DALYs
rate of 3.2 (-11.3-16.5)/100,000 (Table 4). BC burden
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Fig. 3 A Breast cancer age-standardized incidence, prevalence, deaths, and disability-adjusted life years (DALYs) rates percent changes (%) over
two major periods (X-axis: the first period, from 1990 to 2010; Y-axis: the second period, from 2010 to 2019) in Iran and its 31 provinces for both
sexes, females, and males. The oblique line in each graph shows the equal percent change in the second period as the first period. B Breast cancer
age-standardized incidence, prevalence, deaths, and disability-adjusted life years (DALYs) rates (per 100,000 population) based on the subnational
socio-demographic index (SDI) quintiles in 1990 and 2019 for both sexes. The dotted line shows the mean rate within each SDI quintile

attributable to each risk factor at the subnational level
can be found in Additional file 14: Table 6.

A total DALYs (all-ages numbers) of 5563 were attrib-
utable to all the risk factors mentioned above in 1990,
with a fraction of about 11.0% of the total DALYs.
The fraction of attributable burden to all the included
risk factors was 13.8% in 2019 (22,593/163,091); see
Tables 1 and 4.

Discussion

This study revealed that BC incidence, deaths, and
DALYs generally had upward trends in Iran from 1990
to 2019. Although ASIR for males was increasing almost
constantly over the study period, their ASDR and age-
standardized DALYs had negative PCs from 1990 to 2019
in most age groups. In contrast, these trends increased
for females of all ages during this period. Decomposition
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Fig.4 A Breast cancer age-standardized years of life lost (YLLs) and years lived with disability (YLDs) rates (per 100,000 population), in 1990
and 2019 for both sexes. (left: for Iran and its 31 provinces; right: based on age groups). B Breast cancer incidence, prevalence, deaths, and
disability-adjusted life years (DALYs) rates (per 100,000 population) in 1990 and 2019 based on age groups by sex (red: females; blue: males) in Iran

analyses revealed that 133.0% and 44.0% of the total
417.6% change in incident cases from 1990 to 2019 were
attributable to age structure change and population
growth, respectively, and 240.7% of the total increase
in new cases was related to the true increase in the BC-
specific incidence over this period. Besides, females faced
BC at a younger age than males; however, the incidence
of BC increased remarkably with aging in both sexes.
Age-standardized MIRs had a downward trend from

1990 to 2019 in Iran and all provinces, while men had
higher MIRs than females over the study period. Regard-
ing associated risk factors, high FPG was found to exert
the most attributed burden in Iran, contrary to alcohol as
the least.

Concerning age and sexes, our study found that the
incidence rate in females increased by age, and the high-
est incidence rate was estimated for the 75-79 age group.
Despite the less significant estimates on the burden of
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Fig.5 Pearson’s correlation coefficient (1) between males and females of all provinces of Iran regarding measures of BC burden
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Fig. 7 Time trend of all-ages breast cancer A deaths and B disability-adjusted life years (DALYs) rates (per 100,000) attributable to risk factors are
shown for Iran and its subnational socio-demographic index (SDI) quintiles from 1990 to 2019 in females

BC in younger age groups, previous studies estimated
that BC still affects 4—6% of females under 40 years [32].
We also found that the chance of BC accelerates with
aging. Also, we found that the younger population under
50 years experienced the sharpest increase in the inci-
dence rate of BC compared to older age groups, specifi-
cally women under 50 years had the highest magnitude in
ASIR increase over the study period. This finding was in
line with previous studies on female and male BC at the
global level. Z Chen et al. found in a recent study that the
magnitude of the increase in ASIR decrease by age, and
females under 50 years had the highest increase in their
rates despite the relatively lower ASIR among the popula-
tion [33]. So, special attention should be paid to younger

age groups focusing on improving general awareness,
developing screening programs and sticking to them, and
modulating preventable risk factors, which might help
control the increasing burden of BC among younger pop-
ulation as well as advanced ages. Concerning the remark-
able increase in BC incidence among younger age groups,
special attention should also be paid to other possible
risk factors in the nation, such as stress, socioeconomic
situation, and lifestyle and environmental changes. It is
worth investigating by future studies to explore the pos-
sible effect of such factors on the increasing burden of BC
among younger age groups more in depth. Besides, male
BC has been mostly underrepresented in studies and clin-
ical trials due to the meager incidence rate of BC among
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Table 4 Breast cancer deaths and disability-adjusted life years (DALYs) by rates (per 100,000 population) and numbers with percent
changes attributable to risk factors in Iran between 1990 and 2019 for females and both sexes

Measure  Metric Risk factors 1990 2019 % Change (1990 to 2019)
Both Female Both Female Both Female
Deaths Rate’ Alcohol use 0.01 (0to 0.01) 0.01(001t00.02) 0.02(0.01t00.03) 0.04(0.03t00.05) 30581 (154.71to  307.69 (151.07 to
589.77) 603.52)
Diet high in red 0.11(002t00.17)  0.21(0.05t00.34) 0.1 (0.02t00.15) 0.21(005t00.29) -0.92(-3042to -2.81(-31.93to
meat 30.96) 29.07)
Low physical 0.09(0.03t00.17) 0.18(0.06t00.35) 0.11(004t00.2)  0.23(0.09t004)  2525(-15.01to 2548 (1444 to
activity 71.1) 71.22)
Smoking 0.06(0.03t00.11) 0.13(0.07t00.22) 007(005t00.1)  0.14(0.09t00.2) 1252 (-2693to 577 (-31.18 to
79.53) 70.05)
Secondhand 0.14(0.03t00.26) 0.29(0.07t00.53) 0.17(0.04t00.29) 0.34(0.08t00.59) 20.12(-11.6t0 1779 (-13.82to
smoke 55.72) 52.6)
High body-mass 0.13(-0.02t00.34) 0.28(-0.04t00.72) 0.24(-0.01t00.53) 047 (-0.03t0 1.05) 83.75(-105.9 to 69.14 (-72.49 to
index 406.19) 3237)
High fasting 0.25(0.04t00.66) 0.51(0.09t0133) 056(0.11t01.22) 1.11(022t0244) 119.99 (534 t0 117.1(51.97 to
plasma glucose 214.37) 210.06)
Number!  Alcohol use 2(1t02) 1(1to2) 17 (1210 23) 16 (11 to 22) 100523 (616.95t0  1046.3 (625.58 to
1763.54) 1834.68)
Diet high in red 31(7t0 48) 30 (7to 47) 85 (19 to 120) 84 (19t0 119) 176.96 (98.44 to 178.05 (9849 to
meat 256.87) 261.79)
Low physical 21(8to41) 21 (8to41) 82 (3210 148) 82 (3210 148) 283.56 (172.64to0  283.56 (172.64 to
activity 409.08) 409.08)
Smoking 18 (10 to 30) 18 (10 to 30) 55(35t0 76) 55(35t0 76) 19542 (92.8 to 19542 (92.8 to
366.65) 366.65)
Secondhand 42 (10to 74) 41 (10to 73) 140 (33 to 244) 139 (33 t0 243) 23769 (154.71to  238.75(155.15to
smoke 327.92) 331.08)
High body-mass 24 (-18t0 76) 24 (-1810 76) 114 (-75t0 314) 114 (-75t0 314) 37042 (-807.73to 37042 (-807.73 to
index 1678.25) 1678.25)
High fasting 61 (10to 153) 61 (10to 153) 400 (80 to 875) 400 (80 to 875) 55592 (37983to 55592 (379.83 to
plasma glucose 808.21) 808.21)
DALYs Rate Alcohol use 017(0.1t00.26)  032(0.19t00.5)  0.68(048t00.95) 13(091t01.83) 301.94(16397to 30243 (156.36 to
568.12) 583.19)
Diet high in red 34(0.79t05.15)  694(1.62t0 337(0.76t04.76) 671 (1.51t0946) -0.65 (-28.56 to -3.25(-30.78 to
meat 10.57) 26.8) 24.15)
Low physical 224(085t04.32) 4.62(1.7410883) 29(1.14t0535) 581 (22910 29.32(-596 to 25.78 (-846 to
activity 10.72) 68.02) 63.07)
Smoking 1.85 (110 2.96) 391 (211t06.3) 207 (131t029) 4.11(2.59t05.77) 1201 (-26.04 to 5.14 (-30.62 t0 65.2)
75.52)
Secondhand 464 (1.13t0825) 952(231to 565(133t09.83) 113(265t0 21.85(-7.06 to 18.71 (-9.69 to
smoke 16.95) 19.69) 52.61) 48.58)
High body-mass ~ 0.85(-3.63t05.6) 2.32(-7.07 to 1.83(-53110855) 3.19(-11.27to 11585 (-853.14t0  37.6 (-625.36 to
index 12.34) 16.54) 1069.54) 938.45)
High fasting 6.23 (1.07t0 15.5) 1293 (222 to 14.08 (2.78 to 28.06 (5.54t061) 126,01 (67.03 to 117.06 (60.57 to
plasma glucose 32.15) 30.59) 207.34) 194.24)
Number Alcohol use 57 (3410 87) 52(31to81) 613 (432 t0 858) 584 (409 to 818) 977.72 (611.8to 1015.69 (625.97 to

Diet high in red
meat

Low physical
activity

Smoking

Secondhand
smoke

High body-mass
index

High fasting
plasma glucose

1116 (267 to
1663)

649 (249 to 1259)

572 (307 t0 922)

1530 (379to
2698)

-127 (-1609 to
1316)

1766 (307 to
4321)

1101 (263 to
1645)

649 (249 to 1259)

572 (307 t0 922)

1517 (374 to
2679)

-127 (-1609 to
1316)

1766 (307 to
4321)

3023 (688 to
4257)

2362 (955 to
4434)

1667 (1031 to
2371)

5115(1197 to
8915)
-1181(-7517 to
4078)

10,994 (2155 to
24,037)

2995 (682 to
4224)

2362 (955 to
4434)

1667 (1031 to
2371)

5087 (1190 to
8868)

-1181(-7517 to
4078)

10,994 (2155 to
24,037)

1674.21)

171.01(96.11 to
244.28)

264.04 (169.57 to
362.85)

191.52(92.31 to
353.93)

23442 (158.11to
313.87)

828.25 (-2861.43
t0 2850.23)

52262 (36861 to
725.7)

1768.42)

172.06 (9643 to
246.35)

264.04 (169.57 to
362.85)

191.52(92.31 to
353.93)

23538(158.12to
314.99)

82825 (-2861.43 to
2850.23)

52262 (36861 to
725.7)

Data in parentheses are 95% uncertainty intervals; DALYs = Disability-Adjusted Life Years
*Age-standardized rate (per 100,000)

tAll ages
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men. Limited studies on male BC revealed that men
were diagnosed with BC mostly aged >40 years, and the
median age at diagnosis in males was approximately five
years higher than females, 67 and 62 years, respectively,
and presented at more advanced stages with a lower sur-
vival rate [8, 34, 35], concordant with our results showing
that BC was mostly diagnosed in men over 40—44 years.
Our study showed that although the estimated percent-
age of new male BC cases out of all diagnosed cases
decreased from 1.2% in 1990 to 0.8% in 2019, ASIR still
increased in males over this period. This study also found
that MIR was higher in males than in females. This might
be due to the evidence that males are mostly diagnosed
at more advanced ages and stages than females. Previ-
ous studies also reported a lower survival rate in males
than females, which could explain the higher MIRs in
males based on our findings [35]. So, males should not be
neglected, and effective strategies should be tailored to
diagnose male BC at earlier ages and stages and manage
them appropriately. Further studies are needed focusing
on the early detection measures and treatment modali-
ties to tackle high MIRs in males. Identifying males at
higher risk for BC and developing screening programs for
such individuals might be beneficial based on previous
studies’ evidence [36]. MIR is associated with the clinical
outcome of cancers and could be utilized as an indicator
of the quality of care provided by the healthcare system
[37, 38]. Based on previous studies, the global MIR for
female BC decreased from 0.4 in 1990 to 0.3 in 2016 [25].
In Iran, we also found a similar downward pattern for the
MIR of BC for both females and males. We inferred that
these decreasing trends might be due to improvements
in early diagnosis and treatment capacities over these
30 years, leading to a better survival rate.

Regarding SDI quintiles, high and high-middle SDI
regions in Iran were found to have greater incidence,
deaths, and DALYs rate than the others. In contrast,
previous studies revealed that ASDR and DALYs rate
of BC decreased globally and in high and high-middle
SDI regions of the world over time, and the low-middle
SDI regions surpassed the high SDI over the 2010-2017
period [39]. Improvements in therapeutic approaches,
including up-to-date surgical technologies, radiation
therapies, and the use of novel systemic agents based on
BC subtypes [40] in developed countries, might have led
to the decreased ASDR and DALYs rate in such regions.
Iran is still a middle-income developing country fac-
ing limitations in diagnostic and screening capacities
and access to novel therapeutic modalities. Still, better
diagnostic capacities, access to healthcare facilities, and
higher levels of awareness in high-SDI regions of Iran
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seem to be responsible for higher estimates of BC bur-
den in these regions than in lower SDIs. Besides, lifestyle-
associated and environmental and occupational risk
factors might be more significant in high-SDI regions due
to modernization, such as diet high in red meat and low
in vegetables and organic products, and toxic environ-
mental pollutants. Studies proposed that industrial devel-
opment has led to the soil, surface water, and food, as a
consequence, pollution by heavy metal salts, which have
been found to stimulate BC progression and reduce its
sensitivity to treatment [41]. Results of the current study
also found that the impact of PCs in ASIR and ASDR is
declining over time (from 2010-2019 compared to the
1990-2010 period) in wealthier provinces of Iran, while
PCs in more deprived provinces in recent years were still
as high as previous decades. These findings were in line
with the results of a recent investigation by Rahimzadeh
et al [42], on the impact of geographical and socioeco-
nomic inequalities in female BC incidence and mortality
in Iran, suggesting that a possible reversal might occur
in the upcoming years, with the most deprived prov-
inces possessing the highest ASDRs in the country. So,
more attention should be paid to low SDI regions in Iran
to resolve possible inequalities and control the impact
of increasing mortality rates and the burden of BC in
these regions. Iran is a vast country, longitudinally and
latitudinally, consisting of a wide range of ethnicities. In
addition to the possible factors mentioned above, dispari-
ties in lifestyles, individuals’ behaviors, cultures, genetic
backgrounds, the age structure of the population in each
region, and geographical differences might correspond
to the divergence in rates in different country regions
[43—-46]. It necessitates future studies aiming at close
observations and evaluations to find out possible under-
lying causes of disparities and any possible inequalities in
access to healthcare services and the quality of care.

According to the GBD risk factor hierarchy related to
BC, we found that high-FPG exerted the most attributed
deaths and DALYs among Iranian females, and its attrib-
uted burden had an upward trend over the study period.
Globally, alcohol consumption seems to be the most
important contributing factor to the BC burden [12, 47].
However, we found that alcohol use was a minor attrib-
utable factor among the Iranian population. It is worth
noting that alcohol consumption is illegal in Iran, and the
data regarding this risk factor might not be accurate. Pre-
vious investigations also reported that in countries with
religious-based policies to keep the rate of alcohol con-
sumption low, the lowest PAFs were recorded regarding
this factor [48].
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Regarding tobacco exposure, some studies found that
secondhand (passive) smoking puts individuals at a
higher risk of BC than active smoking [49, 50]. Accord-
ingly, in the present study, we found that secondhand
smoking was associated with deaths and DALYs rate
more than active smoking. Besides, the association
between BC and BMI is controversial and still under
investigation [51]. Some studies showed a strong asso-
ciation between increased BMI and higher BC incidence,
especially in postmenopausal women who are not tak-
ing exogenous hormones, and obesity has been found as
a potential risk factor for BC. By contrast, in premeno-
pausal women, high BMI is negatively associated with BC
risk [52]. In the present study, we found that high-BMI-
related deaths rate had an increasing trend over the study
period, while a downward trend was observed regarding
DALYs. This trend could be explained by the diverse role
of obesity in BC among different age groups.

Nevertheless, lifestyle-associated risk factors should be
regulated in the population through preventing obesity
and not having a high-fat diet. Studies also revealed that
daily and routine exercise and vegetable consumption
could lower the risk of BC development [50]. In a recent
meta-analysis concerning the association between nutri-
tion and the risk of BC, the authors found that fruit, veg-
etables, and soy consumption had an inverse association
with BC. However, red meat and processed meat both had
a positive association with BC risk, while processed meat
consumption showed a higher impact than red meat [53].
Therefore, adopting a healthy lifestyle, including a healthy
diet, physical activity, and non-smoking behavior, might
help prevent BC in the community setting [54, 55].

Estimates from the GBD study provide a good vision of
the burden of diseases worldwide for clinicians and poli-
cymakers. Accordingly, the present study results could
raise the health information, which can be helpful in
adapting appropriate strategies to control the increasing
burden of BC in Iran and similar developing countries
worldwide. Previous studies suggested that develop-
ing a National Cancer Control Program (NCCP) might
immensely improve the management of cancers in each
country by mapping the existing problems and con-
sidering possible implementation solutions, especially
in developing and low-income countries, which have
been reported to have no effective NCCP [56]. Besides,
recent studies in Iran revealed that around 61% of Ira-
nian women know about BC and its screening programs,
while only 17% stick to these programs [57]. So, mass
education of the population, especially for individuals at
a higher risk of BC, based on the geographical, genetic
factors, and findings from burden studies could raise
general awareness, leading to better prevention and early
detection of cancers.
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Limitations

Despite providing high-quality estimates of the burden
associated with a wide range of diseases and injuries by
the GBD study, some limitations might still exist [17].
The GBD study primarily relies on data acquired from
vital and cancer registries and other epidemiologic stud-
ies worldwide, and the results mainly depend on the out-
of-sample predictive validity of modeling efforts [17].
In many regions of the world, especially in low-income
regions, cancer registries might not be fully developed
and thus reliable enough, which could influence the final
results [58, 59]. Early detection of new cases requires
updated systems and advanced modalities that might not
be effectively accessible in low-income regions and prov-
inces. Based on previous reports, cancer registries began
in Iran in 1999, while it did not cover all cancer data
from pathology laboratories and departments all over
the country during the first years, and it took years to be
developed to a higher standard level [60]. So, data from
that period in the GBD study mostly rely on epidemio-
logical studies and systematic reviews. The GBD study
adopted advanced estimation models and methods to
tackle the scarcity of data in such regions as much as pos-
sible, as described briefly in the methods of the present
study. Recent investigations by the NASBOD project also
attempted to estimate and resolve possible incomplete-
ness of cancer registry systems in Iran by adapting data
from the Social Security Organization Cancer Registry
(SSOCR), since before receiving cancer medications, all
cancer patients should be registered in the SSOCR data-
base [16]. Results from the NASBOD project estimating
the burden of cancers could be accessed using online data
visualization tools at www.vizit.report website.

There were also limitations regarding males, especially
concerning the burden attributable to risk factors. There
were very few BC cases among males in Iran over the
study period. So, the interpretations of results for males
in this study should be made and applied cautiously. We
were also not able to investigate the burden of BC attrib-
utable to risk factors in males due to the limited number
of cases in each category. So, we could report attribut-
able burden to risk factors only for females. It is highly
recommended to investigate the male BC burden and the
potential risk factors in future studies more precisely.

Concerning existing disparities among different sub-
national regions of Iran, it is also vital to investigate
access to routine screening programs and explore some
key points, such as which regions have or do not have
access to screening programs, to what extent the national
screening programs for BC are performed in each region,
and what percentage of the population among younger
and older age groups are screened. Future studies could
provide valuable information and help better policy
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making in the nation regarding BC burden control by
answering such questions require, which requires precise
investigations at the national and subnational level.

Some limitations also arise from the Iranian popula-
tion, culture, and genetic background. For example, it
is worth noting that alcohol consumption is illegal in
Iran based on culture and religion. So, the reported data
might be underestimated regarding alcohol consumption.
This might influence the real burden attributable to alco-
hol use among the Iranian population. Possible genetic
diversities among different ethnicities might influence
the existing disparities regarding BC burden in differ-
ent provinces, which could not be covered and investi-
gated based on the GBD study results. Further studies are
needed to focus on this aspect and investigate the role of
genetic diversity in the future. We could investigate the
BC burden attributable to risk factors based on the GBD
study 2019 risk factors hierarchy. In this study, we found
that only 11.0% of the total DALYs in 1990 and 13.8% in
2019 were attributable to the included risk factors, and
about 86.2% of the total DALYs in 2019 were associated
with other factors. There are still some potential risk fac-
tors known to be associated with BC, such as genetic
background and gene mutations, hormonal patterns, and
hazardous environmental pollutants, to name but a few.
The GBD study constantly investigates the burden attrib-
utable to more risk factors in each updated iteration. So,
we suggest that future iterations of the GBD study incor-
porate more known risk factors of BC to investigate their
attributed burden.

Besides, the quality of care provided by healthcare
systems is another vital public health concern. It is sug-
gested that future studies investigate the quality of care
provided in different regions of Iran to BC patients. The
novel quality of care index (QCI) has been recently intro-
duced in the literature, which seems to be a reliable tool
for the quality-of-care assessment for a specific cause in
each sex-age group-location-year [61-63].

Although economic sanctions against Iran in recent
decades did not directly target healthcare systems and
access to medication, it seems that they led to severe
issues for the healthcare system and patients with cancer,
exerting a severe economic burden on the whole system
and limiting access to quality care. Future studies might
investigate the possible burden associated with sanctions
as a public health concern in Iran in recent years more
in-depth.

Conclusions

In this study, we reported for the first time the most up-
to-date estimates regarding BC burden in Iran for females
and males at the national and subnational levels, based
on age and SDI over thirty years from 1990 to 2019. We
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also performed decomposition analysis to find the attri-
bution of population growth, population aging, and BC
incidence rate in the total change of BC incident cases
between 1990 and 2019 and reported MIRs—as an indi-
cator of the quality of care—to provide a more compre-
hensive viewpoint on the current status of BC burden in
Iran for the policymakers and health authorities. Besides,
we assessed and reported the burden of BC attributable
to known risk factors based on the GBD 2019 risk factor
hierarchy. This study also will provide insights for other
similar regions of the world to Iran to adopt the method-
ology of this study, which will help them reach compara-
ble results and a broad vision concerning the burden of
this lethal and prevalent cancer.

Still, more attention must be paid to Iran, at national
and subnational levels, especially in low SDI regions.
The policy-making should focus on systematic screen-
ing programs, especially for high-risk individuals, mass
education about BC risk factors, self-examination,
screening measures, healthy diet, lifestyle modifica-
tions, improving diagnostic and early detection tools,
increasing access to the healthcare system and diag-
nostic facilities, developing comprehensive cancer
registries, and cost-effective therapies to control the
increasing trends. Developing an efficient NCCP could
be a crucial step toward controlling the BC burden in
Iran and other developing regions of the world. No
doubt, further studies are needed to investigate the rea-
sons behind the existing disparities in BC burden in dif-
ferent parts of Iran, explore more risk factors that might
affect this burden, investigate the role of sex, hormones,
genetic, and ethnic factors, assess the burden of BC in
males more accurately, and investigate possible effective
strategies to tackle the increasing burden of BC in the
future more in-depth.
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