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Abstract
Background: Breast cancer is the most common cancer among women around the world. Objective: This study
aims to explore the time trends in the incidence of breast cancer in Iraq in twenty years period (2000 to 2019) to
assist health officials and decision-makers in planning and organizing programs to controlling breast cancer growth
and enhance women’s health. Methods: Breast cancer data from 2000 to 2019 were obtained from the Iraqi Cancer
Registry’s yearly book series (Ministry of Health). The United Nations Population Division provides annual population
estimates by 5-year age groups and gender. Joinpoint regression analysis was used to calculate and assess age-specific
and age-standardized incidence rates. Results: A total of 72,022 breast cancer cases were identified among women in Iraq
between 2000 and 2019. The average age-standardized incidence rate (ASIRs) was 37.883/100,000. Breast cancer ASIR
Iraq exhibited a significantly rising trend during the study period, with an average annual percentage change (AAPC) of
+3.192%. Furthermore, a significant increase in breast cancer incidence for the age group 40–49 (AAPC = +2.162%),
50–59 (AAPC=+3.210%), 60–69 (AAPC=+5.551%), and age 70 and over (AAPC=+7.943%) were observed. When
compared to other countries in the world, Iraq had a moderate rate of breast cancer ASIR. Conclusions: In summary,
our finding revealed an increase in the incidence rates of breast cancer among Iraqi women from 2000 to 2019. Further
research is needed to explore risk factors including levels of overweight, dietary changes, physical inactivity, obesity,
smoking, high marriage age, and low birth rates to prevent and control breast cancer.
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Introduction
Breast cancer is the most common cancer and the fifth
leading cause of cancer mortality in females globally.
In 2020, it is estimated that 2.3 million females were
diagnosed with breast cancer representing 11.7% of all
cancer cases, and 685,000 deaths representing 6.9% of all
cancer deaths in females (Sung et al., 2021). Incidence rates
for breast cancer varied widely across regions (Sung et al.,
2021). Females in high/very higher HDI countries have
higher breast cancer incidence rates than in low/medium
HDI countries (55.9 and 29.7/100,000, respectively),
with the highest incidence rates in Australia/New
Zealand (95.5/100,000), Western Europe (90.7/100,000),
Northern America (89.4/100,000), and Northern Europe
(86.4/100,000) and the lower rates in South-Eastern Asia
(41.2/100,000), Central America (39.5/100,000), Eastern
Africa (33.0/100,000), Middle Africa (32.7/100,000), and
South Central Asia (26.2/100,000) (Sung et al., 2021).
Breast cancer incidence rates increased rapidly in
Northern America, Oceania, and Europe throughout
the 1980s and 1990s, most likely due to increases in
mammographic screening. Then, in the early 2000s, the

incidence dropped or stabilized (Sung et al., 2021; Torre
et al., 2017). On the contrary, it had been increasing fast
in Central and South America, Africa, and Asia (Sung et
al., 2021; Torre et al., 2017).
It has been estimated that around 20% of breast
cancers globally are caused by modifiable risk factors
such as overweight and obesity, alcohol use, and physical
inactivity, suggesting that improving healthy behaviors
might reduce disease burden (Danaei et al., 2005; Torre
et al., 2017).
In Iraq, the trend of the incidence rate of new cases of
cancer increased from the year 2000 (52.00/100,000) to the
year 2019 (91.66/100,000). Breast cancer is the main cause
of mortality among Iraqi women, accounting for about
one-third of all cancer cases recorded in the country in
2019 (Iraqi Cancer Board, 2019). The highest percentage
and incidence rate of the top ten cancers in 2019 was
breast cancer (34.08%, 35.95/100,000 respectively), as
well as, it has the highest percentage and mortality rate of
cancer (22.58%, 6.22/100,000 respectively) (Iraqi Cancer
Board, 2019).
Ministry of Health (MOH), in cooperation with the
Ministry of Higher Education and Scientific Research
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(MOHESR) and World Health Organization (WHO),
launched a National Program for Early Detection and
Down Staging of Breast Cancer in 2000. Referral centers
and specialist clinics for the early diagnosis of breast cancer
have since been established in all Iraqi governorates’ main
hospitals (Al-Alwan and Mualla, 2014). Early Detection
and Down Staging is a comprehensive program to provide
high quality primary and secondary health services and
conduct early detection and examinations for all women
aged 20 years and over to reducing mortality rates from
breast cancer, moving from diagnosing the disease in its
late stages (third and fourth) to diagnose it in the early
stages (first and second), where recovery prospects are
better, and treatment expenses are lower.
Monitor cancer trends over time are one of the most
important functions for health care planning and disease
control. This study aims to explore the time trends in the
incidence of breast cancer in Iraq in twenty years period
(2000 to 2019) to assist health officials and decisionmakers to put in place strategies to controlling breast
cancer growth and enhance women’s health.

Materials and Methods
The data of breast cancer (International Classification
of Diseases for Oncology (ICD-O-3) code) from 2000 to
2019 were taken from the annual book series published
by the Iraqi Cancer Registry (ICR)/Ministry of Health.
Every year, the ICR in the Ministry of Health publishes
extensive statistical data on cancer in Iraq, including the
most common ten cancers and their distribution among
governorates, ages, and sexes. The ICR is responsible
for collecting information relating to every new cancer
patient resident from hospitals and laboratories (public
and private) in all directorates of health in Iraq by the
CanReg4 program (Iraqi Cancer Board, 2019). The
registry was founded in 1974 through close cooperation
of the ministry of health and the Iraqi Cancer Society. It
began operation in 1975 and was located in the Central
Public Health Laboratory. Annual estimates of the female
population by 5-year age group obtained from the United
Nations, Population Division, Department of Economic
and Social Affairs.
Incidence of breast cancer was represented using agespecific incidence rates (ASR) and age-standardized rates

(ASIRs) (age groups 0-19, 20-29, 30-39, 40-49, 50-59,
60-69, 70+). The ASIRs were calculated using the World
standard population. The incidence rate was determined
by year, by 5-year periods, as well as for the whole study
period.
Variations in breast cancer incidence rates over time
were assessed using the joinpoint regression analysis
(version 4.9.0.0). Joinpoint regression was applied to
determine the time points essential changes in the trends
occurred. The year was used as a predictor variable and
log-transformed ASR and ASIR as the response variable.
The errors are assumed to have constant variance. The
Grid Search Method with uncorrelated errors was used
to select the most appropriate number of joinpoints for
the data. The minimum number of joinpoints was set to
zero and the maximum was set to four. For significance
testing, the Monte Carlo Permutation number of joinpoints
method was employed. The annual percent change (APC)
and average annual percent change (AAPC) in cancer
incidence with 95% CI were computed to evaluate the
magnitude and direction of the trends from 2000 to 2019.
The significance level was set at a p-value ≤ 5% for all
analyses.

Results
Over the study period 2000-2019, 72,022 cases of
breast cancer cases were recorded. Age-specific rates
(ASRs) and age-standardized incidence rates (ASIRs)
of breast cancer among females in Iraq are presented in
Table 1. The average ASIR was 37.883. The AISR for
breast cancer incidence increased by 76.516%, with the
lowest ASIR (26.282/100,000) in the earliest period of
2000–2004, and the greatest AISR (46.392/100,000) in
the latest period of 2015–2019. The ASIRs of the last two
5-year periods were significantly higher than those of the
first two periods. These rates were 1.586 and 1.765 times
higher than the first period (2000-2004).
Figure 1 depicts the yearly incidence rate of breast
cancer during the study period. Despite fluctuations from
year to year, joinpoint regression analysis indicated a
significant increase in the incidence rate across the whole
study period. The AAPC was +3.192% (95% CI = +1.368%
to +5.048%), meaning that the ASIR increased by +3.192
percent on average per year. Two joinpoints were detected,

Table 1. Age-Specific and Age-Standardized Incidence Rates (1/100,000) of Breast Cancer among Women in Iraq
(2000-2019) by Period
Age group

Period

Total

Overall
changes (%)

2000-2004

2005-2009

2010-2014

2015-2019

0-19

0.074

0.078

0.002

0.016

0.039

-78.378

20-29

2.7517

3.159

4.481

4.309

3.7683

56.594

30-39

23.927

24.22

28.957

30.761

27.449

28.562

40-49

71.118

79.53

92.769

95.576

87.275

34.391

50-59

87.761

102.444

134.815

156.529

126.037

78.358

60-69

68.612

92.291

143.529

158.477

122.218

130.976

70+

37.742

53.092

93.249

125.444

81.537

232.372

Age-standardized incidence rates (ASIRs)

26.282

31.31

41.692

46.392

37.883

76.516
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Table 2. Evolution of the Annual Age-Specific Rates of Breast Cancer in Iraq in the Period 2000-2019, 95% Confidence
Intervals in Brackets
Age group

Joinpoint

0-19
20-29

Trend APC (%)
Not significant; No joinpoint detected

2003

2000-2003: -21.869 (-37.083; -2.976)

2006

2003-2006: +20.575 (-21.810; +85.938)
2006-2019: +2.852 (+0.543; +5.213)

30-39

2003

2000-2003: -8.911 (-16.852; -0.213)

2010

2003-2010: +2.862 (-0.262; +6.083)
2010-2019: +2.153 (+0.466; +3.869)

40-49

2011

2000-2011: +2.866 (+0.870; +4.902)

50-59

2003

2000-2003: -3.089 (-11.581; +6.218)

2013

2003-2013: +5.077 (+3.332; +6.851)

2011-2019: +1.201 (-1.958; +4.463)

2013-2019: +3.376 (+0.220; +6.631)
60-69

2013

2000-2013: +6.913 (+5.147; +8.710)
2013-2019: +2.660 (-2.711; +8.328)

70+

2004

2000-2004: +3.323 (-10.691; +19.537)
2004-2019: +9.210 (+7.103; +11.358)

2003 and 2012; 2000-2003 (APC -2.375 %; 95 % CI
-11.055, +7.152 %); 2003-2012 (APC +5.388 %; 95 %
CI +3.268, +7.551 %); 2012–2019 (APC +2.850 %; 95
% CI +0.322, +5.442 %). The trend changes in the annual
incidence between 2000 and 2019 raised by 116.301%.
Breast cancer incidence rates increased with age,
with the largest increase was observed in females 70+

age group (232.372), followed by females aged 60-69
(130.976) (Table 1). The time trends of the ASRs were
performed by year. Table 2 and Figure 2 shows the
evolution of the annual ASR of breast cancer in Iraq
in the period 2000-2019. In the age group 0–19 years,
APC decreased statistically not significant over the
period 2000–2019 (APC -5.0350%; 95% CI, -12.369%

Figure 1. Joinpoint Regression Analysis of Age-Standardized Incidence Rates (1/100,000) of Breast Cancer for Iraqi
Women, All Ages, 2000–2019.
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Figure 2. Joinpoint regression analysis of age-specific incidence rates (1/100,000) of breast cancer for Iraqi women,
2000–2019; age group (20-29), A; age group (30-39), B; age group (40-49), C; age group (50-59), D; age group (6069), E; age group (70+), F.
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Australia/New Zealand (2020) (Sung et al, 2021)
Western Europe (2020) (Sung et al, 2021)
Northern America (2020) (Sung et al, 2021)
Northern Europe (2020) (Sung et al, 2021)
Southern Europe (2020) (Sung et al, 2021)
Lebanon (2011-2019) (Zahedi et al, 2020)
Micronesia/Polynesia (2020) (Sung et al, 2021)
Eastern Europe (2020) (Sung et al, 2021)
South America (2020) (Sung et al, 2021)
Kuwait (2011-2019) (Zahedi et al, 2020)
UAE (2011-2019) (Zahedi et al, 2020)
Pakistan (2011-2019) (Zahedi et al, 2020)
Caribbean (2020) (Sung et al, 2021)
Melanesia (2020) (Sung et al, 2021)
South Africa (2020) (Sung et al, 2021)
Northern Africa (2020) (Sung et al, 2021)
Qatar (2011-2019) (Zahedi et al, 2020)
Western Asia (2020) (Sung et al, 2021)
Iraq (2015-2019) (Estimated by author)
Bahrain (2011-2019) (Zahedi et al, 2020)
Jordan (2011-2019) (Zahedi et al, 2020)
Libya (2011-2019) (Zahedi et al, 2020)
South Asian countries (2015) (Zahedi et al, 2020)
Eastern Asia (2020) (Sung et al, 2021)
Western Africa (2020) (Sung et al, 2021)
South-Eastern Asia (2020) (Sung et al, 2021)
Djibouti (2011-2019) (Zahedi et al, 2020)
Central America (2020) (Sung et al, 2021)
Yemen (2011-2019) (Zahedi et al, 2020)
Eastern Mediterranean region (2011-2019) (Zahedi et al, 2020)
Sudan (2011-2019) (Zahedi et al, 2020)
Morocco (2011-2019) (Zahedi et al, 2020)
Southeast Asian countries (2015) (Zahedi et al, 2020)
Egypt (2011-2019) (Zahedi et al, 2020)
Afghanistan (2011-2019) (Zahedi et al, 2020)
Somalia (2011-2019) (Zahedi et al, 2020)
Eastern Africa (2020) (Sung et al, 2021)
Middle Africa (2020) (Sung et al, 2021)
Tunisia (2011-2019) (Zahedi et al, 2020)
Oman (2011-2019) (Zahedi et al, 2020)
Iran (2011-2019) (Zahedi et al, 2020)
Saudi (2011-2019) (Zahedi et al, 2020)
South-Central Asia (2020) (Sung et al, 2021)
Syria (2011-2019) (Zahedi et al, 2020)

58.2
57.1
56.4
54.8
53.3
51.8
51.0
50.5
50.4
49.6
49.1
46.6
46.4
46.2
44.9
44.9
44.4
43.3
41.5
41.2
40.9
39.5
37.2
37.1
36.7
36.1
35.8
33.6
33.6
33.6
33.0
32.7
32.5
32.5
31.9
30.3
26.2
24.0
20
40
60

0

79.6

68.9

95.5
90.7
89.4
86.4

80

100

Age-standardized incidence rates (1/100,000)

Figure 3. Age-Standardized Incidence Rates (1/100,000) of Breast Cancer for Iraqi Women Compared to Other
Countries.
to -1.025%), no joinpoint detected. In the age group
20–29 years, APC increased statistically not significant
over the period 2000–2019 with AAPC +0.986% (95%
CI -5.859,+8.329). Two joinpoints were identified, 2003
and 2006; 2000-2003 (APC -21.869 %; 95 % CI -37.083,
-2.976 %); 2003-2006 (APC +20.575 %; 95 % CI -21.810,
+85.938 %); 2006-2019 (APC +2.852 %; 95 % CI +0.543,
+5.213 %). In the age group 30–39 years, AAPC not
significantly increased from 2000 to 2019 with APC
+0.576% (95 % CI -1.214; +2.399%), with two joinpoints
Iran/Isfahan (2001-2013) (Ainvand et al., 2021)
Lebanon (2005-2015) (Fares et al., 2019)
Taiwan (1997-2013) (Liu et al., 2017)
China (2000-2015) (Lei et al., 2021)
India/New Delhi (2009-2012) (Labani et al., 2020)
Iraq (2000-2019) (Estimated by author)
Brazil/Aracaju, Sergipe (1996-2006) (Lima et al., 2012)
Cyprus (1998-2008) (Cooter et al., 2015)
East Asia (1990-2019) (Xu et al., 2021)
Iran (2005-2009) (Zahmatkesh et al., 2020)
North Africa and Middle East (1990-2019) (Xu et al., 2021)
High-income Asia Pacific (1990-2019) (Xu et al., 2021)
Middle region (1990-2019) (Xu et al., 2021)
Ecuador/Quito (1985-2013) (Corral et al., 2018)
South Asia (1990-2019) (Xu et al., 2021)
Low-middle region (1990-2019) (Xu et al., 2021)
Estonia (1999-2013) (Baburin et al., 2016)
low region (1990-2019) (Xu et al., 2021)
Southeast Asia (1990-2019) (Xu et al., 2021)
England (2001-2013) (Ainvand et al., 2021)
Central Europe (1990-2019) (Xu et al., 2021)
Central Sub-Saharan Africa (1990-2019) (Xu et al., 2021)
Eastern Europe (1990-2019) (Xu et al., 2021)
High-middle region (1990-2019) (Xu et al., 2021)
Southern Latin America (1990-2019) (Xu et al., 2021)
Central Asia (1990-2019) (Xu et al., 2021)
Global (1990-2019) (Xu et al., 2021)
Western Europe (1990-2019) (Xu et al., 2021)
high SDI region (1990-2019) (Xu et al., 2021)
Australasia (1990-2019) (Xu et al., 2021)
High-income North America (1990-2019) (Xu et al., 2021)

were observed, 2003 and 2010; 2000-2003 (APC -8.911
%; 95 % CI -16.852, -0.213 %); 2003-2010 (APC +2.862
%; 95 % CI -0.262, +6.083 %); 2010-2019 (APC +2.153
%; 95 % CI +0.466, +3.869 %). In the age group 40-49
years, AAPC increased statistically significant from 2000
to 2019 with APC +2.162% (95 % CI +0.529; +3.822%).
One joinpoint was detected in 2011; 2000-2011 (APC
+2.866%; 95 % CI +0.870, +4.902 %), 2011–2019 (APC
+1.201 %; 95 % CI -1.958, +4.463 %). The incidence
significantly increased in the age group 50-59 years during
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0.670
0.380
0.330
0.320
-0.050
-0.270
-0.290
-1.050
0

2

9.600

4.600

4

6

8

APC (%)
Figure 4. Annual Percent change (APC) of breast cancer for Iraqi women compared to other countries.
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2000-2019 with an AAPC of +3.210 % (95 % CI +1.408,
+5.043 %). Two joinpoints were found, 2003 and 2013
(2000-2003: APC −3.089%, 95% CI −11.581, +6.218%;
2003–2013: APC +5.077%, 95% CI +3.332, +6.851%, and
2013–2019: APC +3.376%, 95% CI +0.220, +6.631%,
receptively). Statistically significant changes were found
for the age group 60-69 years (AAPC, +5.551; 95% CI,
+3.586 to +7.555). One joinpoint was found in 2013;
2000-2013 (APC +6.913%; 95% CI +5.147, +8.710%),
2013–2019 (APC +2.660%; 95% CI -2.711, +8.328%).
The highest incidence changes were found in the age
group of 70+ over the period 2000-2019 with an AAPC
of +7.943 % (95 % CI +4.589, +11.404 %). One joinpoint
was found in 2004; 2000-2004 (APC +3.323%; 95% CI
-10.691, +19.537%), 2004–2019 (APC +9.210%; 95% CI
+7.103, +11.358%).

Discussion
This study examines how the incidence of breast
cancer has changed over time (20 years) in Iraq. According
to this study, the ASIR reached 52.70/100,000 in 2019,
which is more than double the rate estimated in 2000
(24.364/100,000). There was a significantly increasing
trend for breast cancer incidence over the whole studied
period. The trend changes in the annual incidence between
2000 and 2019 raised by 116.301%, and the changes in
the period incidence between 2000-04 and 2015-19 raised
by 76.509%.
Breast cancer incidence rates are higher in most
developed countries, due to its association with numerous
risk factors (Menvielle et al., 2011) and the availability
of regular screening strategies (Esserman et al., 2009).
The highest rates (>90/100,000) were found in Australia/
New Zealand (95.5/100,000) and Western Europe
(90.7/100,000), while the lowest rates (<30) were
reported in South-Central Asia (26.2/100,000) and Syria
(24.0/100,000) (Figure 3). In Eastern Mediterranean
region countries over the period 2011-2019, the highest
rates were reported in Lebanon (68.9/100,000), while the
lowest rates were reported in Syria (24.0/100,000). Iraq
has a moderate rate of breast cancer incidence, similar
to Western Asia, Qatar, Bahrain, and Jordan (Figure 3).
The wide geographical variation in the prevalence of
risk factors (such as age at menarche, age at menopause,
use of menopausal hormone therapy, age at first birth,
Lifetime duration of breastfeeding, low parity, family
history, alcohol consumption, smoking, obesity, or
physical inactivity), prevention, diagnostic evaluation, and
treatment, as well as disparities in data quality throughout
the world, may partially explain the observed substantial
between country and region differences in incidence
from breast cancer (Shin et al., 2010; Leong et al., 2010;
Barnard et al., 2015; Torre et al., 2017; Sung et al., 2021;
Lima et al., 2021).
Since 1990, the global incidence of breast cancer
has increased by 1.44% each year. Since 1990, the
incidence of breast cancer has increased considerably in
all age categories, ranging from 1.28% per year (50-69)
to 1.55%% year (under 50). All regions have shown
statistically significant increases in incidence. North Africa

and the Middle East saw the highest per-year rise in overall
incidence. Only North America has shown a reduction in
the overall incidence (Lima et al., 2021).
Many studies in Iraq reported that the peak incidence
of breast cancer occurs at older ages (Alwan et al.,
2019; Majid and Hassan, 2017). According to this study,
females over the age of 70 years in Iraq were at high risk
of developing breast cancer, with an AAPC of +7.943 %
from 2000 to 2019, while the APC from 2004 to 2019
was +9.210%. These effects are likely due to lifestyle,
including increasing levels of overweight, dietary changes,
physical inactivity (Lafta et al., 2013; Karim et al., 2015;
Alwan et al., 2019; Shwana et al., 2020). In Iraq, most of
the patients with breast cancer are diagnosed at a late stage
(Alwan et al., 2019; Mutar et al., 2019). As a result, breast
cancer public awareness campaigns should be promoted
to avoid patient delays in presentation and to support the
national breast cancer early detection program.
The observed breakpoint in 2003 linked, in part, to the
2003 Gulf war and extensive looting that began in the days
following the US forces’ invasion of Iraq, which resulted
in the suspension of work in government offices as well
as the destruction of official documents (Al-Hashimi and
Wang, 2014). Over the study period, we determined a
significant increasing trend for breast cancer incidence
rates in Iraq, which higher in Middle-Eastern countries,
and among several countries in the world (Figure 4).
However, it is beyond the scope of this article to
investigate why there are increasing or decreasing trends in
breast cancer incidence in Iraq. The advances in diagnosis
and improved case reporting in recent years, availability
of screening strategies in all Iraqi governorates’ main
hospitals, in addition to women’s lifestyle changes, such
as for overweight and obesity, physical inactivity, family
history, delayed first birth, and not breastfeeding, may
have led to an increase in the risk of breast cancer in Iraq.
In summary, our findings revealed an increase in the
incidence rates of breast cancer among Iraqi women from
2000 to 2019. Further research is needed to explore risk
factors including levels of overweight, dietary changes,
physical inactivity, obesity, smoking, high marriage age,
and low birth rates to prevent and control breast cancer
policies.
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