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Background

Breast cancer (BC) is the most common cancer in women globally. The North Africa and Middle East (NAME) region is coping hard with the burden of BC. We aimed to present the latest epidemiology of BC and its risk factors in this region.





Methods

We retrieved the data on BC burden and risk factors from the Global Burden of Disease Study 2019 to describe BC status in the 21 countries of the NAME region from 1990 to 2019. We explored BC incidence, prevalence, deaths, disability-adjusted life years (DALYs), and attributable burden to seven risk factors of female BC, namely, alcohol use, diet high in red meat, low physical activity, smoking, secondhand smoke, high body mass index, and high fasting plasma glucose. Decomposition analysis on BC incidence trend was done to find out the contributing factors to this cancer’s growth.





Results

In 2019, there were 835,576 (95% uncertainty interval: 741,968 to 944,851) female and 10,938 (9,030 to 13,256) male prevalent cases of BC in the NAME region. This number leads to 35,405 (30,676 to 40,571) deaths among female patients and 809 (654 to 1,002) deaths in male patients this year. BC was responsible for 1,222,835 (1,053,073 to 1,411,009) DALYs among female patients in 2019, with a greater proportion (94.9%) of burden in years of life lost (YLLs). The major contributor to female BC incidence increase in the past three decades was found to be increase in age-specific incidence rates of BC (227.5%), compared to population growth (73.8%) and aging (81.8%). The behavioral risk factors were responsible for majority of attributable female BC burden (DALYs: 106,026 [66,614 to 144,247]). High fasting plasma glucose was found to be the risk factor with the largest effect (DALYs: 84,912 [17,377 to 192,838]) on female BC burden.





Conclusion

The increasing incidence and burden of BC in the NAME region is remarkable, especially when considering limited resources in the developing countries of this region. Proper policies like expanding screening programs and careful resource management are needed to effectively manage BC burden.
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Introduction

Breast cancer (BC) is the most prevalent neoplasm in female patients globally, with an increasing trend of incidence, almost in all regions (1, 2). BC is the leading cause of deaths due to cancer in female patients, and the mortality rate of this burdensome cancer has increased in most of the regions specifically in developing countries (3–5). In the most recent global cancer statistics updates (GLOBOCAN 2020), BC has overtaken lung cancer in first place to become the top cancer with the highest number of new cases (4, 6). BC contributes to about one-fourth of deaths due to malignancies in post-menopausal women, and female BC is the fifth leading cause of death due to cancer, following lung, colorectal, liver, and gastric cancers globally (4, 7). Although BC incidence is higher in developed countries, the relative mortality rate of this cancer is higher in developing countries (8). The increasing incidence of BC is suggested to happen due to improved BC screening tools like widespread use of mammography besides a substantial increase in exposure to various risk factors (4, 9, 10). So far, screening programs for BC in populations are designed and implemented to reduce BC death by early detection of malignancy and timely treatment interventions (11, 12).

The North Africa and Middle East (NAME) region is projected to have the greatest increase in all types of cancers in the next decades due to population aging and growth, compared to other World Health Organization (WHO) regions (13–15). In the period of 2005–2015, BC was the most common cancer in incident cases and the second leading cause of cancer deaths in this region (16). Among all cancers, BC has a significant importance when inspecting its epidemiology in the NAME region, due to various reasons. Cultural and socio-economic differences, the developing status of most of the countries located in this region, and multiple barriers to an efficient approach to handle the growing burden of BC are the leading issues that need to be considered in these countries (17–19). It is notable that most of the BC cases in this region are amenable to prevention and treatment; however, delayed diagnosis and treatment may explain the increase in burden of this cancer (20). On the other hand, management of BC in the NAME region faces several challenges, including younger age at presentation, aggressive behavior, lack of national breast screening programs, and lack of reliable data registries as well as socioeconomic factors; thus, these factors make it very challenging to apply the international guidelines for BC management in this region (10, 21, 22).

Besides the fragile status of female BC, male BC has a mysterious and poorly known epidemiology in the NAME region (23, 24). This poor knowledge is a global concern and is mainly due to scarcity of BC in men (25). BC in male patients is believed to be a distinct cancer from BC in female patients, due to different epidemiology, risk factors, prognosis, and profoundly varied molecular, biologic, and clinicopathologic features of this malignancy in men (25–28). Previous studies showed that male BC has a higher relative proportion of BC cases in the NAME region compared to the Western regions of world (24). Therefore, improvements in data shortages regarding male BC is necessary to pave the way for effective management and treatment of BC in men (29).

Epidemiologic data on the BC in the NAME region have many geographical variations with gaps in several areas (30, 31). In this paper, we present the major epidemiologic measures of BC and its risk factors in the NAME region and their trends during the 30-year period from 1990 to 2019 using the Global Burden of Disease (GBD) Study 2019. Additionally, epidemiology of risk factors of female BC in this region is presented in this study. A clear visualization of the BC status in this neglected region could help international, regional, and national health authorities to properly focus on this principal cancer and its huge burden in the NAME region. Therefore, we aimed to present the latest updated epidemiologic measures of BC and its responsible risk factors for the NAME region to provide the material for further actions and policies.





Methods




Data sources

This study is a part of the GBD Study 2019 provided by the Institute for Health Metrics and Evaluation (IHME), conducted for the NAME region, whose main data are accessible through its portal (32). GBD 2019 provides data of global, regional, and national burden of 369 diseases and injuries and 87 risk factors in 204 countries and territories. Also, subnational data of 21 countries are available in the GBD 2019. Detailed methods of GBD studies are provided in previous publications (33, 34). NAME is one of the seven super-regions in this study that encompasses 21 countries, namely, Afghanistan, Algeria, Bahrain, Egypt, Iran (Islamic Republic of), Iraq, Jordan, Kuwait, Lebanon, Libya, Morocco, Oman, Palestine, Qatar, Saudi Arabia, Sudan, Syrian Arab Republic, Tunisia, Turkey, United Arab Emirates, and Yemen. IHME uses a hierarchical leveling of causes into three main categories of communicable, maternal, neonatal, and nutritional diseases (CMNNDs); non-communicable diseases (NCDs); and injuries, in which neoplasms belong to the NCDs category. BC as the investigated cause in this study is defined as cause B.1.14 in the GBD cause list. More details on the mapped International Classification of Diseases and Injuries (ICD) codes of BC incidence and mortality to this cause in GBD are available in the Supplementary Methods. Also, diseases’ risk factors are categorized into three main categories of environmental and occupational risks, behavioral risks, and metabolic risks and follows a hierarchy of risks in GBD risk assessments (34). The other data source used to evaluate the cancer screening, registry, and action plans among the countries of the region of focus in this investigation was the WHO Global Health Observatory (GHO) database for 2019 (35). Moreover, the universal health coverage (UHC) based on an index of effective coverage of health services provided by GBD 2019 study was the other dataset used to rank and discuss the overall healthcare services and BC management state among the countries of the NAME region in this study (36). This study is conducted according to the Guidelines for Accurate and Transparent Health Estimates Reporting (GATHER) statement (37).





Data estimation framework

The cornerstone of data estimations for GBD studies is mortality estimation made on the cause of death (CoD) database containing information from different sources, which are mainly cancer registries in the cancer data estimation, like BC in this study (Supplementary Figures 1, 2). The full list of data sources used to estimate BC data for the NAME region and countries in this study is provided in the Supplementary Table 1. In brief, cancer registries, including both incidence and mortality data of cancers, are used to obtain mortality to incidence (MIR) ratios in the estimation process. The three indices of mortality, incidence, and MIR are then aggregated and estimated by several calculations to provide the most precise information on cancers (33, 38). Risk factor estimations are made by the comparative risk assessment (CRA) conceptual framework that provides a hierarchy of risks and causes contributing to health outcomes. The effect size estimation in GBD is done by the relative risk (RR) modeling for level of exposure to risk or cause for mortality or morbidity (34) (Supplementary Table 2). The full description of the data estimation process for BC and attributable burden to its risk factors are provided in the Supplementary Methods (section A) of this paper.





Study variables

To investigate epidemiology and burden of BC in the NAME region, a series of variables including incidence, prevalence, deaths, MIR, years of life lost (YLLs), years lived with disability (YLDs), and disability-adjusted life years (DALYs) were explored. Also, the measures were compared in different socio-demographic index (SDI) quintiles of included countries. Various risk factors for BC approved by IHME were included in two main categories of behavioral risk factors comprising alcohol use, diet high in red meat, low physical activity, smoking, and secondhand smoke, and metabolic risk factors comprising high body mass index (BMI) and high fasting plasma glucose (FPG) for female BC, and alcohol use, secondhand smoke, and diet high in red meat for BC in male patients (34). Deaths, YLLs, YLDs, and DALYs were explored for the investigated burden attributable to BC risk factors in this study. MIR and YLL/YLD ratio were estimated using age-standardized rates and utilized to compare the BC statistics between countries and sexes. Higher MIR values indicate higher fatality of condition and higher YLL/YLD values indicate higher mortality rather than morbidity for BC. Furthermore, we used the SDI and Healthcare Access and Quality (HAQ) Index to present results of this study. SDI is a composite index of income per capita, educational attainment, and fertility rates of geographic areas provided by IHME to compare diseases and risks based on socioeconomic factors (33). The estimated SDI values for the regions and countries included in this study could be found in Supplementary Table 3. The HAQ Index is a proxy of personal healthcare access and quality developed by IHME and is calculated by using MIRs for cancers and risk-standardized mortality rates for non-cancer causes (39). We used the recent estimated all-ages HAQ Index values for both sexes for the countries of the NAME region using the results of GBD study 2019 to compare BC measures, whose index values are found in Supplementary Table 4.





Statistical analysis

Fourteen age groups (15–19, 20–24, …, 75–79, 80+) were used to investigate BC indices in this study. We chose this age range and groups based on the richness of estimated data of the GBD Study 2019 on the BC cause and the responsible risk factors. The number values were reported in all-ages scale and the rates were reported in age-standardized scale per 100,000 population. Age-standardized rates were estimated using the GBD age standard world population, updated to the 2019 standard population age structure (33). Percent changes of measures were calculated for the period 1990–2019. All estimations were made with a 95% uncertainty interval (UI) generated using the 25th and 975th ordered values in 1,000 draws of the posterior distribution. To evaluate the contribution of population growth, population aging (or age structure changes), and age-specific incidence rate changes on the BC incidence trend 1990–2019, we did a decomposition analysis on incidence in two scenarios. In the first scenario, we applied the age and sex structure and the age-specific rates of 1990 to the 2019 population. In the second scenario, we applied the age-specific rates of 1990 to the age and sex structure and population size of 2019. The difference between the total number of incident cases in 1990 and the first scenario was attributable to population growth. The difference between the second and first scenarios was attributable to population aging. The difference between the total number of incident cases in 2019 and the second scenario was attributable to age-specific rates changes (40). The full description of the steps of the decomposition analysis is found in Supplementary Methods (section B) of the Supplementary Material. Percentages of each of the three factors in a hypothetical assumption of two other factors being constant, and the overall change of BC incidence are provided for a better understanding of contributors to BC incidence growth through the past three decades. Data handling and visualizations in this study were done using STATA version 11 (STATA Corp., College Station, Texas, USA) and R 4.1.2 for Windows.






Results

Various epidemiologic features of BC in the NAME region have different patterns in the last three decades (Figure 1, Table 1). Also, each country had distinct characteristics based on BC statistics (Supplementary Table 5). A brief notation of results is provided here and more are available in the appendices of this paper. The results provided in this manuscript focus on female and male patients by sex separately.




Figure 1 | Age-standardized rates of incidence, prevalence, deaths, and disability-adjusted life years (DALYs) of breast cancer in female population in (A) 1990 and (B) 2019 in countries of the North Africa and Middle East region.




Table 1 | Trend of epidemiologic indices of breast cancer in the North Africa and Middle East region, number for all ages and age-standardized rates, by sex, in 1990 and 2019 and percent of changes in the 1990–2019 period.






Incidence

The all-ages number of BC among female patients of NAME region was estimated to be 19,610 (95% UI: 17,751 to 22,419) in 1990 and 94,746 (82,334 to 108,875) in 2019, reflecting a 383.2% (293.7 to 462.9) increase. The overall age-standardized rates of BC incidence per 100,000 among female patients in this region was estimated to be 37.5 (32.7 to 42.9) in 2019 compared to 19.6 (17.8 to 22.6) in 1990, indicating an almost two times (90.9% [54.6 to 122.1]) increase in the comparison of rates. Investigating the incidence rates among countries located in this region, we found Lebanon (122.5 [92.1 to 160.7]) to have the highest female BC rate and Afghanistan (22.3 [16.8 to 29.1]) to have the lowest rate. Age-standardized incidence rate was most prominently increased in Saudi Arabia (189.8% [79.0 to 358.9]), Lebanon (152.9% [76.0 to 255.6]), and Oman (131.5% [45.4 to 263.8]), in contrast to Kuwait (3.4% [−18.3 to 36.7]), Afghanistan (30.7% [−8.5 to 79.5]), and United Arab Emirates (41.0% [−6.9 to 112.1]) with the lowest rates of increase in terms of percent change. Considering age groups, BC is first detected in female patients in their 20s and accelerates almost consistently by advancing age (Supplementary Figure 3).

Investigating BC among male patients, the all-ages number of incident cases in 2019 were approximately 1,444 (1,153 to 1,791) with a 179.1% (95.5 to 273.8) increase compared to this measure in 1990 (517 [405 to 648]). However, it is important to mention that the age-standardized incidence rate of BC among male patients living in the NAME region changed slightly (4.6% [−26.8 to 41.6]) during the 30 years of this study (0.6 [0.5 to 0.8] per 100,000 in 1990 and 0.7 [0.5 to 0.8] in 2019). Comparing the recent incidence rates of male BC among countries of this region in 2019, we found Egypt (0.1 [0.06 to 0.15]) to have the lowest rate and Algeria (2.7 [1.7 to 3.9]) to have the highest rate in this regard. The trend of male BC incidence rates in terms of percent change in this period showed Bahrain (134.8% [27.0 to 306.4]), Iraq (92.2% [15.4 to 218.8]), and Syrian Arab Republic (60.6% [0.2 to 159.4]) having the highest increase, and on the other side, Algeria (−33.8% [−60.0 to 5.6]), Afghanistan (−27.0% [−53.9 to 26.1]), and Yemen (−20.1% [−51.1 to 46.3]) had the highest reductions in this measure.

Based on the decomposition analysis of incidence rate change of BC in female patients in the NAME region, it is evident that in 2019, a total of 75,136 more cases of BC has been found compared to 1990, representing a 383.2% overall increase, of which 73.8% was estimated to be attributable to population growth, 81.8% was attributable to population aging, and 227.5% was attributable to change of incidence rates of BC. The highest detected overall increase of incidence was in the United Arab Emirates, Qatar, and Saudi Arabia, respectively, and in all these three countries, the true increase of BC incidence was the prominent contributor in the decomposition analysis. Also, of the 179.1% increase of BC in male patients, 78.9% was attributable to population growth, 81.9% was attributable to population aging, and 18.3% was attributable to change of BC incidence rates (Table 2).


Table 2 | Decomposition analysis of breast cancer incidence trend 1990–2019, by sex, in the North Africa and Middle East region and countries.







Prevalence

The all-ages prevalence of BC among female patients in the NAME region was 172,645 (156,716 to 196,577) in 1990 and 835,576 (741,968 to 944,851) in 2019, showing a 384% (310.8 to 458.7) increase. The age-standardized prevalence of female BC has increased steadily from 177.6 (160.1 to 203.6) per 100,000 female individuals in 1990 to 332.7 (297.2 to 374.9) in 2019 with an 87.3% (59.4 to 114.8) increase. Among countries of this region in 2019, Lebanon (1,083.5 [844.6 to 1,383.5]) ranked first in comparison of prevalence rates with a noticeable difference with the second-ranked country, Qatar (880.3 [701.3 to 1,098.3]), while Afghanistan (153.1 [121.8 to 192.8]) ranked the last in this measure. The rising prevalence of BC among female patients has been detected in all the nations of this region with no exception. Lebanon (161.6% [90.9 to 252.8]), Saudi Arabia (155.7% [77.4 to 267.6]), and Oman (113.3% [54.3 to 191.9]) had the highest increase in the BC prevalence rates among female patients, while Kuwait (12.5% [−6.9 to 39.7]), Afghanistan (22.5% [−6.9 to 58.9]), and United Arab Emirates (44.6% [5.0 to 96.5]) had the lowest changes in this regard.

The BC prevalence in male patients of this region estimated approximately 10,938 (9,030 to 13,256) cases in 2019 and 3,323 (2,687 to 4,029) in 1990, exhibiting a 229.2% (142.2 to 321.6) increase during the study period. However, the age-standardized rates of BC in male patients increased more slightly (27.1% [−6.5 to 63.4]) in NAME and reached 4.8 (4 to 5.8) cases per 100,000 in 2019. Algeria (18.1 [12.2 to 25.6]), Oman (18.1 [12.9 to 25.1]), and Lebanon (10.5 [7.4 to 14.9]) had the highest prevalence rates of BC in male patients in 2019 contrary to Egypt (0.9 [0.6 to 1.2]), Syrian Arab Republic (1.1 [0.9 to 1.5]), and Iran (2.8 [2.3 to 3.3]). The estimated change in BC prevalence rates among male patients during the study period was highest in Iraq (116.8% [39.2 to 236.7]), Bahrain (105.5% [32.4 to 214.5]), and Lebanon (75.0% [7.0 to 184.9]), while Afghanistan (−14.7% [−43.2 to 32.7]), Algeria (−9.1% [−42.6 to 41.0]), and Yemen (−5.5% [−38.3 to 54.1]) had a negative change in this regard.





Deaths

Altogether, there were 35,405 (30,676 to 40,571) deaths among female patients in 2019 in the NAME region, accounting for 15.2 (13.3 to 17.4) age-standardized deaths in 100,000 individuals and 2.6% (2.4 to 2.8) of all-cause female patients’ deaths. In comparison to 1990, 11,524 (10,398 to 13,312) deaths are estimated for NAME, accounting for 12.3 (11.0 to 14.2) age-standardized deaths and 1.0% (0.1 to 1.1) of their total deaths. Both the percent change in all-age deaths number (207.2% [147.6 to 261]) and the death rates (24.0% [−0.8 to 45.6]) were increased in female patients with BC during the study period. Investigating countries showed Qatar (36.9 [28.9 to 45.8]), Lebanon (35.5 [27.2 to 46.4]), and United Arab Emirates (26.2 [20.0 to 33.6]) having the highest death rates in 2019, in contrast to Syrian Arab Republic (11.3 [8.1 to 15.5]), Iran (11.9 [10.8 to 13.1]), and Turkey (12.7 [10.1 to 15.7]). Exploring changes in age-standardized rates found Egypt (49.0% [−2.0 to 106.6]), Yemen (46.9% [−6.7 to 159.1]), and Libya (46.7% [−8.3 to 126.5]) with the highest growth, while Kuwait (−26.7% [−41.3 to −4.2]), Bahrain (−8.1% [−28.5 to 16.6]), and Jordan (−5.1% [−31.0 to 33.8]) had the best improvements in death rates (Figure 2).




Figure 2 | Rank of age-standardized rates of female breast cancer (A) incidence and (B) deaths in countries of the North Africa and Middle East region, in 1990 and 2019.



In 2019 in the NAME region, approximately 809 (654 to 1,002) deaths were estimated to happen due to BC in male patients, which is double that of 1990 (400 [310 to 508]). Although the percent change in all-age deaths number was positive (102.3% [43.6 to 170]) in the study period, the death rates had a negative (−23.8% [−46.2 to 3.1]) change in male patients with BC. Investigating death rates among countries of this region, we found Algeria (1.7 [1.1 to 2.5]), Oman (1.4 [1.0 to 2.1]), and Lebanon (0.7 [0.5 to 1.1]) to have the highest deaths, as compared to Egypt (0.06 [0.04 to 0.09]), Syrian Arab Republic (0.07 [0.05 to 0.1]), and Iran (0.16 [0.13 to 0.17]) with the lowest death rates in male patients with BC. Percent changes in death rates due to BC in male patients showed Bahrain (63.1% [−12.3 to 176.1]), Iraq (41.1% [−15.0 to 127.2]), and Palestine (31.0% [−18.4 to 125.6]) having the greatest increases, in contrast to Algeria (−52.2% [−70.9 to −19.2]), Jordan (−36.8% [−64.9 to 5.2]), and Afghanistan (−32.4% [−57.5 to 15.7]) with most improvements in this regard.





DALYs, YLLs, and YLDs

The 2019 GBD estimates revealed that BC was responsible for 1,222,835 (1,053,073 to 1,411,009) DALYs among female patients, which was composed of 1,160,511 (998,083 to 1,346,371) YLLs and 62,324 (43,715 to 85,058) YLDs. The all-ages number of DALYs, YLLs, and YLDs due to BC in female patients had a 199.7% (143.9 to 251.3), 193.5% (139 to 243.4), and 391.3% (301.6 to 472.4) increase during the study period. Among countries located in this region, Lebanon (1,067 [809 to 1,407]), Qatar (856 [663 to 1,075]), and Morocco (843 [612 to 1,158]) had the highest BC burden in terms of age-standardized DALY rates in 2019, while Syrian Arab Republic (334 [237 to 472]), Kuwait (359 [290 to 462]), and Iran (369 [337 to 404]) had the lowest rates (Figure 3).




Figure 3 | Distribution of years lived with disability (YLDs) and years of life lost (YLLs) due to female breast cancer in all ages, 15–49, 50–69, and 70+ age categories, in countries of the North Africa and Middle East region.



The BC in male patients of this region caused 21,374 (17,235 to 26,386) DALYs in 2019, which was an aggregation of 20,358 (16,379 to 25,142) YLLs and 1,016 (676 to 1,424) YLDs. The all-ages DALYs, YLLs, and YLDs of BC in male patients had a 102.6% (43.9 to 170.4), 99.1% (41.7 to 165.2), and 212.6% (122.6 to 317.4) increase, respectively. Although the age-standardized rates of DALYs (−22.2% [−44.8 to 3]) and YLLs (−23.6% [−45.9 to 1.3]) had a decreasing pattern during the study period, the YLD rates (19.3% [−14.9 to 60.1]) were increasing. DALY rates due to BC in male patients in 2019 were highest in Algeria (34.6 [22.5 to 48.9]), Oman (26.3 [17.7 to 37.0]), and United Arab Emirates (17.1 [8.1 to 30.7]), in contrast to Egypt (1.7 [1.0 to 2.4]), Syrian Arab Republic (1.9 [1.3 to 2.6]), and Iran (4.0 [3.5 to 4.5]).





MIR and YLL/YLD

MIR in female patients with BC was estimated to be 0.41 in 2019 and 0.63 in 1990 in the NAME region, reflecting a 35.05% decrease in this index. The countries with the highest MIR in female patients with BC in 2019 were Afghanistan (0.74), Yemen (0.59), and Sudan (0.55) compared to Lebanon (0.29), Kuwait (0.30), and Saudi Arabia (0.33) with the lowest estimated MIRs. This index was estimated to be approximately 0.84 in 1990 and 0.61 in 2019 among male patients with BC in this region, which showed a 27.2% decrease. Male patients with BC in Afghanistan (0.89), Yemen (0.79), and Sudan (0.76) had the worst state regarding MIR in 2019, while individuals in Kuwait (0.48), Lebanon (0.49), and Iran (0.50) had the lowest MIR. Dividing the MIR values of male to female patients in the NAME region showed that in both 1990 (1.3) and 2019 (1.5), the prognosis of BC is much poorer in male patients compared to female patients and this cancer takes more lives in the affected male patients.

The YLL/YLD ratio for BC in female patients was estimated to be 30.1 in 1990 and 18.3 in 2019, with a 39.3% decrease in this index. The countries with the highest age-standardized YLL/YLD ratio for BC in female patients in 2019 were Afghanistan (39.6), Yemen (30.5), and Sudan (26.7), and the countries with the lowest values for this index were Kuwait (11.2), Qatar (12.0), and Lebanon (12.2). This index was calculated for BC in male patients to be approximately 29.6 in 1990 and 18.9 in 2019, which had a 36% decrease. Among the countries of this region, Afghanistan (35.6), Yemen (28.3), and Sudan (26.4) earned the highest YLL/YLD ratios in 2019 against Qatar (12.0), Kuwait (12.1), and Lebanon (13.5). Comparison of this ratio between sexes showed almost a similar pattern in both 1990 (male/female ratio: 0.98) and 2109 (male/female ratio: 1.04). Both of the examined ratios had a similar decreasing pattern in the region and included countries (Figure 4).




Figure 4 | The patterns of the mortality to incidence ratio (MIR) and years of life lost (YLLs)/years lived with disability (YLDs) ratio trends based on age-standardized rates by sex, during the study period.







SDI and HAQ Index

Investigating BC incidence and prevalence rates among female patients in 2019, almost all nations with a higher SDI and HAQ Index showed higher incidence and prevalence rates (Lebanon, Qatar, Bahrain) and the countries with the lowest rates belonged to lower SDI categories and were those with lower HAQ Index values (Afghanistan, Yemen, Sudan). Also, the top three countries in death rates of BC in female patients had middle to higher SDI (Qatar, Lebanon, and United Arab Emirates) and Qatar and Lebanon also had the highest HAQ Index in the region following Kuwait. However, the pattern of BC DALYs in this comparison had no clear pattern. Regarding MIR and YLL/YLD of BC in female patients in 2019, countries with higher ratios all had the lowest SDI and HAQ Index (Afghanistan, Yemen, and Sudan) and countries with a lower MIR (Lebanon, Kuwait, Saudi Arabia) and YLL/YLD (Kuwait, Qatar, Lebanon) nearly all had high SDI and HAQ Index. Exploring the abovementioned measures for BC in male patients of this region in 2019, we found the pattern only for MIR and YLL/YLD (higher in low SDI and HAQ Index countries—Afghanistan, Yemen, and Sudan—and lower in countries with better SDI and HAQ Index) (Figure 5).




Figure 5 | (A) Age-standardized rate of incidence of female breast cancer among countries of the North Africa and Middle East region compared by the socio-demographic index (SDI). (B) Age-standardized rate of incidence of female breast cancer among countries of the North Africa and Middle East region compared by the Healthcare Access and Quality (HAQ) Index.







Risk factor measures

The all-ages deaths attributable to the risk factors of female BC were estimated to be 6,507 (3,576 to 10,469) in 2019 in the NAME region with a 290.3% (198.8 to 387.9) increase compared to 1990 (1,667 [959 to 249]). In total, 171,616 (80,804 to 297,481) DALYs were attributable to all seven BC risk factors in 2019 among female patients of the NAME region, with behavioral risk factors (firsthand and secondhand smoking, alcohol use, low physical activity, and diet high in red meat) being responsible for 106,026 (66,614 to 144,247) DALYs, followed by metabolic risk factors (high FPG and high BMI) being responsible for 72,729 (−22,214 to 192,180) DALYs. In 1990, 46,992 (24,371 to 72,765) DALYs were attributable to all these risk factors, indicating a 265.2% (169.9 to 361.8) change. High FPG was the risk factor with the largest effect (84,912 [17,377 to 192,838] DALYs), followed by secondhand smoking (41,012 [9,770 to 72,205]) and diet high in red meat (24,129 [5,414 to 34,461]). The protective effects of high BMI in relation to BC burden in DALYs (−7,656 [−66,973 to 36,339]) was found. The negative estimated DALYs were mainly due to a high value of YLLs in the premenopausal women (Table 3). The age-standardized DALY rates attributed to all BC risk factors in female patients were found to be the highest in Qatar (270.8 [137.2 to 443.3]), Lebanon (250.3 [150.3 to 390.9]), and United Arab Emirates (193.2 [100.3 to 320.5]), while being smallest in Iran (55.5 [27.5 to 91.0]), Syrian Arab Republic (55.8 [27.7 to 97.7]), and Yemen (57.7 [29.5 to 99.4]), in 2019. The countries with the highest growth of attributable DALY rates to BC risk factors in female patients during the study period were Egypt (116.0% [31.2 to 232.8]), Oman (102.0% [24.1 to 231.6]), and Libya (89.4% [5.9 to 206.0]), while Kuwait had a decreasing pattern (−14.5% [−34.2 to 15.5]), and Bahrain (2.4% [−28.1 to 38.4]) and Turkey (3.0% [−30.8 to 44.6]) were countries with the lowest growth in this regard (Figure 6, Supplementary Tables 6, 7).


Table 3 | The all-ages numbers of deaths and disability-adjusted life years attributed to various breast cancer risk factors for female population, in the North Africa and Middle East region in 1990 and 2019 and the percentages of change in this period.






Figure 6 | Disability-adjusted life years (DALYs) of breast cancer attributed to various risk factors contributing to this cancer by sex, in 1990 and 2019, in countries of the North Africa and Middle East region.



The responsible risk factors for BC in male patients in GBD 2019 only included alcohol use, secondhand smoke, and diet high in red meat. The all-ages DALYs and deaths attributable to these risk factors were estimated to be approximately 1,359 (885 to 1871) and 48 (30 to 68) in 2019 in the NAME region. The attributable DALYs to alcohol use was the highest (573 [418 to 769]), followed by secondhand smoke (415 [95 to 742]), and diet high in red meat (401 [88 to 610]). The countries with the highest attributable DALY rates for BC in male patients’ risk factors in 2019 were Algeria (2.2 [1.3 to 3.5]), United Arab Emirates (1.6 [0.7 to 3.1]), and Oman (1.6 [0.8 to 2.4]), while Egypt (0.08 [0.04 to 0.14]), Syrian Arab Republic (0.1 [0.05 to 0.15]), and Saudi Arabia (0.2 [0.1 to 0.3]) had the lowest rates. However, regarding the change of attributable DALY rates change during the study period, Palestine (33.9% [−20.5 to 133.4]), Egypt (30.0% [−25.1 to 112.8]), and Iraq (19.8% [−30.6 to 110.8]) had the most immense increase, while Sudan (−49.3% [−75.3 to −1.1]), United Arab Emirates (−47.2% [−75.3 to 1.6]), and Qatar (−46.2% [−72.5 to 5.0]) had the highest decreases in this measure.






Discussion

The major findings of this study on BC status in the female patients of the NAME region during 1990 to 2019 were the almost doubling of incidence and prevalence rates and the three times increased death and YLLs rates caused by BC. Increase in the age-specific incidence rates was the main contributor to the increasing incidence of BC rather than population growth and aging. Behavioral risk factors were recognized as the greatest burden of female BC among all risk factors. However, high FPG as a metabolic risk factor was found to have the largest impact in burden of BC among women inspecting each risk factor. We found BC epidemiology to be alarming in Lebanon, Qatar, and Bahrain in terms of incidence and in Afghanistan, Yemen, and Sudan in terms of higher lethality and worst care given to patients with BC.

This study showed increasing trends of incidence and deaths due to BC in the NAME region, in both female and male patients. Changes in incidence and deaths of BC in the past decades are attributed to various causes. The increasing trend of BC incidence is thought to be due to expanded life expectancies resulting from improvement in healthcare systems, increased age of first pregnancy, earlier menarche, decreasing prevalence of breast feeding as a protective factor for BC, and increased exposure to BC risk factors like increased smoking, alcohol use, physical inactivity, obesity, and unhealthy dietary habits (10, 41–44). Moreover, improvement in BC screening and diagnosis by implementation of cancer guidelines and better and widespread use of breast imaging techniques, added to the increased knowledge about BC and early screening programs, leads to greater diagnosis of this cancer (7).

The current study found higher incidence and prevalence of BC in countries with higher SDI and HAQ index and vice versa. This major finding was consistent with previous studies that showed that socio-demographic and development status of countries have a substantial impact on BC incidence and survival rates, as both reported to be higher in developed and high-income countries and regions (8, 23, 45, 46). Better primary care, higher care quality, better access to and higher prevalence of screening programs, and other independent factors lead to higher detection, incidence, and higher prevalence of BC due to better protection against mortality due to cancer in wealthier countries with better sociodemographic indicators (2, 47–49). Therefore, development and implementation of cost-effective screening and treatment interventions are necessary to effectively manage BC burden in lower SDI countries (50).

Results of this study revealed higher MIR and YLL/YLD ratio values for both female and male patients with BC in deprived countries of the region and those extremely affected by war and conflict in the past years including Afghanistan, Yemen, Sudan, Syrian Arab Republic, Iraq, and Libya. Interpreting raw epidemiologic measures is prone to underestimation due to lack of data from some countries with limited registries like those with poorly developed data gathering and reporting systems; thus, we used the two aforementioned indices to explore the BC status among the countries included in this study. The higher values of these two indices indicate poorer prognosis of BC in the countries mostly affected by war. Based on these findings, we hypothesize that in such countries, lack of proper screening programs and utilities, diagnosis of cancer in later and advanced stages with reduced curability, and altered cancer care lead to worse disease outcomes, and this is mainly highlighted in the NAME region (51–53). Regarding the overall decreasing trend of the two mentioned indices in the region and countries, it could be inferred that quality of care of BC had an improved status in the past decades in both female and male patients, which could be attributed to improvements in disease management and development of novel therapeutics, better access to treatment, and earlier detection of BC with improved screening and diagnostics (54–56).

Among the investigated BC risk factors in this study, high FPG and secondhand smoking were found to have the greatest burden. An established association between BC incidence and diabetes mellitus has been discovered before, as diabetes shares biologic pathways that can trigger BC, especially in older patients in postmenopausal stages and obese individuals (57–59). In this regard, more robust screening and preventive measures, and even pharmacological ones like metformin prescription interventions in a diabetic population, have shown promising results and are necessary to effectively prevent BC (60, 61). Also, the proven association between active smoking and BC, specifically smoking before first birth, is shown in literature (62–64). Interestingly, the current study found secondhand smoke to be a major risk factor of BC in both female and male patients. Similarly, recent studies also found the relation between passive smoking and risk of BC, and this highlights the importance of protecting women at a higher risk of BC due to exposure to secondhand smoke (42, 65).

A thorough investigation in the countries of the NAME region reveals practical points regarding the epidemiology of BC and the attributable risks of this condition. Many countries located in this region are developing, low- and middle-income countries (LMICs) coping with major obstacles to public health improvement, such as war and conflict and shortages in resources and infrastructures, leading to sub-optimal BC detection and care, including management and treatment (17, 66, 67). The poor prognosis of BC in these countries is mainly due to the detection of disease in advanced stages ending in poor outcomes and lower survival rates (68, 69). The 10-year survival rates of BC in this region vary between countries of the region and in comparison to developed countries (70). The frequent presence of the BRCA1 gene mutations in some countries of this region, which is a major risk factor of BC incidence, should be noted and various screening programs should be implemented to handle the burden of BC in NAME (71, 72). Multiple barriers to early access to screening and care for BC in different health system, health provider, and patient levels in the NAME region need to be addressed to improve BC status in this region (18). Psychological impact and socio-cultural issues are also major problems that influence the care of patients with BC in this region (73).

The importance of BC globally and regionally yielded many initiatives and preventive and surveillance programs to improve BC status. One of the most known ones is the National Comprehensive Cancer Network (NCCN), a union of leading cancer centers in the United States that provides cancer standard of care guidelines—named the NCCN Clinical Practice Guidelines in Oncology—for many cancers, including BC (74, 75). This guideline generally provides the most recent evidence-based information on the basics of BC, testing for BC, and treatment options of the condition (74). In order to implement the mentioned guidelines in the NAME region, the NCCN-MENA initiative first adopted the 2009 version of the guideline and modified it based on regional characteristics, especially risk factor-related items, since the profile varies among regions (10, 76). Development and update of such practical guidelines could successfully lead to a better care of BC in this region. Another example is the Breast Health Global Initiative (BHGI) that tries to control incidence and burden of BC in LMICs through behavior modification, reducing BC mortality by earlier detection of the condition, promotion of BC awareness, education, and self-examination, and modifying BC screening and treatment programs based on countries’ resources (17). A comprehensive framework developed for national BC control strategies mainly in countries located in Asia, Latin America, and the NAME region, proposed that four major actions are needed to successfully implement such framework, including building necessary infrastructures, expanding evidence, eliminating obstacles, and promoting patient support (21). Another promising progress in BC control in NAME was the implementation of a regional framework on cancer prevention and control in 2017, proposing public health approaches to regional policymakers to effectively control the most prevalent cancers of the region including BC, cervical cancer, and colorectal cancer (77). Also, the WHO’s regional guide on early detection of the most common cancers provides clear guidance on BC early detection approaches in line with local resources (78).

A more in-depth investigation of ongoing BC screening programs in the countries of this region using the WHO GHO database showed active programs in all countries in 2019 except for Afghanistan, Libya, Sudan, and Yemen. Also, this database revealed that except for Jordan, Libya, Syrian Arab Republic, and Yemen, all countries of this region had an operational policy/strategy/action plan for cancer in 2019. Additionally, a population-based cancer registry was available in all countries of the region except for Libya, Syrian Arab Republic, and Yemen in 2019 (35). Additional data on these indicators in different years are provided in Supplementary Tables 8–10. Measuring the estimated overall UHC index and the specific index on BC treatment showed the highest values for Kuwait, Qatar, and Lebanon and the lowest in Afghanistan, Yemen, and Sudan in 2019 (Supplementary Table 11) (36). The supplied material could help health authorities and policymakers in providing further actions to control the BC epidemic in the region.

The major limitations of this study include the nature of the main endeavor by IHME to estimate epidemiology and burden of BC and its risk factors. Availability and quality of the primary data and data processing and modeling complications are the main challenges in data estimation in GBD studies (33, 34). Despite these limitations, IHME tries to reassess and reevaluate its data processing method for each round of study, and the refinements lead to more stability of provided data. For the GBD 2019 study, for example, the clarification of the reference and alternative methods for measuring outcomes and the bias mapping from alternative to reference ones and enhancements in modeling by implementation of standard locations for estimating effects in models were conducted to produce the most precise estimations (33, 34). Regarding the BC epidemiologic measures, lack of data on various histopathologic subtypes of this cancer in the GBD study is the major shortcoming of this study. In GBD 2019 risk studies, reassessments of dose–response relationships and further investigations on the joint effects of risk factors were taken to make the risk estimations more robust (34). Regarding the included risk factors in this study, the major concern is the numerous risks of BC missed in the GBD study including genetic risk factors, BRCA, family history, radiation, hormone therapy, breastfeeding, early menstruation or late menopausal age, and number of children. Furthermore, another limitation of this study is the absence of estimation on some of the risk factors due to data scarcity, which complicates BC burden estimation in male population. Considering all these limitations, IHME tries to provide the most accurate epidemiologic data on diseases and risk factors through its meticulous methodologies. This study is a part of this project and explored BC epidemiology in the NAME region and provided data in the regional and national levels. Results of this study could successfully guide health authorities in multiple levels to adopt proper policies and needed actions to control the growing burden of BC in this region.





Conclusions

BC receives a special consideration when investigating the status of cancer in the NAME region. The increasing incidence and burden rates of BC in this region is remarkable, especially when considering limited resources and policies in the developing countries of this region, which make up a great proportion. Also, considering the presence of war and conflict in a number of countries in this region, the BC epidemic is prone to underestimation and mismanagement. Further investigations and careful resource allocations besides proper population-wide policies are needed to effectively mitigate the growing burden of this cancer in countries located in this region.
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