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Background

Lung cancer has become the malignant tumor with the highest morbidity and mortality in the world. This study aims to analyze the burden of lung cancer and risk factors associated with lung cancer in the BRICS from 1990-2021 and to project the burden of lung cancer in the BRICS from 2021-2035.





Methods

The Global Burden of Disease (GBD) 2021 database was searched to collect the incidence, prevalence, mortality, disability-adjusted life years (DALYs), and risk factors of lung cancer in the BRICS. Trends in lung cancer burden from 1990-2021 were analyzed using Joinpoint 4.9.1.0, and Bayesian age-period-cohort (BAPC) analyses were performed using R4.4.1 to project the disease burden of lung cancer from 2021-2035.





Results

AAPC(average annual percentage change) and EAPC(estimated average percentage change) of ASIR(age-standardized incidence), ASPR(age-standardized prevalence), ASMR(age-standardized mortality), and ASDR(age-standardized disability-adjusted life year) for lung cancer in Brazil, Russia, and Ethiopia 1990-2021 were less than 0. Egypt’s AAPC and EAPC for ASIR, ASPR, ASMR, and ASDR were all greater than 0 for 1990-2021, and China’s ASIR, ASPR, ASMR, and ASDR were all at the top of the BRICS in 2021. According to BAPC projection Brazil, Iran, Russia, and South Africa will have a decreasing trend in ASIR, ASPR, ASMR, and ASDR from 2021-2035. Egypt will have an increasing trend in ASIR, ASPR, ASMR, and ASDR from 2021-2035. With the exception of Ethiopia, the top tier level 1 and level 2 risk factors in the rest of the BRICS were behavioral factors and smoking factors, respectively.





Conclusion

The BRICS still have a heavy burden of lung cancer, and there are significant differences in the burden of lung cancer among the BRICS. At the same time, many BRICS lung cancer prevention and control measures are worth learning from other developing countries.





Keywords: lung cancer, GBD database, burden of disease, risk factors, BRICS




1 Introduction

Lung cancer, also known as primary bronchopulmonary cancer, refers to malignant tumors originating from the bronchial mucosa or glands that originate in the lungs (1). According to the global cancer statistics report released by the World Health Organization (WHO), in 2022, there were 2.5 million new cases of lung cancer globally, accounting for about one-eighth of all new malignant tumors, and 1.82 million deaths, accounting for about one-fifth of all malignant tumor deaths. Lung cancer has become the malignant tumor with the highest global morbidity and mortality and is the leading cause of cancer morbidity and mortality in men and the 2nd leading cause of cancer morbidity and mortality in females worldwide (1).

BRICS is an international cooperation organization comprising emerging markets and developing countries that aims to promote economic, political, and social cooperation among member countries and to advance the reform of the global governance system. BRICS initially consisted of five countries, Brazil, Russia, India, China, and South Africa. On January 1, 2024, with Saudi Arabia, Egypt, the United Arab Emirates, Iran, and Ethiopia becoming full members of BRICS, the number of BRICS member countries increased from five to ten, and BRICS achieved a historic expansion. Data show that after the expansion of the BRICS accounted for nearly half of the world’s population, nearly 30% of the world’s total economic output, and nearly 40% of the world’s total industrial value (2). The BRICS are facing many problems such as population aging, environmental pollution, imbalance of health resources, high smoking rates, and industrial pollution along with rapid economic and social development, which may lead to an increase in the incidence, prevalence, mortality, and DALYs of lung cancer. Therefore, an in-depth understanding of the burden of lung cancer and the main risk factors behind it in the BRICS, which can be used to optimize public health policies, rationalize the allocation of health resources, and evaluate the effectiveness of interventions, is of great significance in reducing the burden of lung cancer and improving public health.

GBD database covers the incidence rate, morbidity, mortality, and DALYs of lung cancer (3). Therefore, this study quantifies the overall burden of lung cancer in the BRICS based on the GBD database, provides focus and direction for lung cancer prevention and treatment in the relevant countries, and provides data support for health policy decision-makers to accurately and efficiently allocate healthcare resources, identify high-risk populations, and formulate prevention strategies.




2 Materials and methods



2.1 Data sources

The data of this study were based on the GBD 2021 database published by the Institute for Health Metrics and Evaluation at the University of Washington in the United States of America (4).




2.2 Research method

In this study, “tracheal, bronchial and lung cancers” (International Classification of Diseases (ICD) 10 codes: C33-C34.9, D02.1-D02.3, D14.2-D14.3, and D38.1) were selected as the classification criteria for lung cancer. ASIR, ASPR, ASMR, ASDR, and 95% uncertainty intervals (95% UI) for the BRICS(Brazil, Russia, India, China, South Africa, Saudi Arabia, Egypt, UAE, Iran, and Ethiopia) for the years 1990-2021 were extracted from the GBD database (5). And calculate the AAPC, EAPC, and 95% UI of the ASIR, ASPR, ASMR, and ASDR of the BRICS from 1990 to 2021. Simultaneously using BAPC to predict the ASIR, ASPR, ASMR, and ASDR of lung cancer from 2021 to 2035. The GBD2021 database categorizes disease risk factors at four levels, with level 1 covering three major categories of risk factors, including environmental/occupational risks, behavior risks, and metabolic risks, and the subsequent levels continue to be subdivided on this basis (6). In this study, we calculated the proportion of lung cancer deaths attributable to the corresponding risk factors to the total number of lung cancer deaths, the proportion of lung cancer DALYs attributable to the corresponding risk factors to the total lung cancer DALYs, and the change of both from 1990 to 2021, respectively.




2.3 Statistical methods

Use Excel 2023 and the tidyverse and reshape2 packages in R 4.4.1 for data organization. The joinpoint regression model is a collection of linear statistical models that were used to evaluate the trends in disease burdens attributable to lung cancer across time. This model’s calculating approach is to estimate the changing rule of illness rates using the least square method, avoiding the non-objectivity of typical trend analyses based on linear trends (7). In this study, Joinpoint 4.9.1.0 was used for AAPC analysis to describe the overall trend of disease burden. The EAPC value is calculated by a linear regression model and is widely used in the field of public health. Its role is to summarize the age-standardized rate trend in a specific time interval (8). This study used the GBDR package in R 4.4.1 for EAPC analysis.The BAPC model is based on the age period cohort analysis (APC) model. However, there is a linear relationship between the three factors in the APC model, which makes parameter estimation difficult. Therefore, a Bayesian model is added on the basis of the APC model. Bayesian model can estimate the prior information of unknown parameters and sample information to obtain the posterior distribution and infer the unknown parameters according to the posterior distribution. The model estimates the posterior edge distribution directly using the integrated nested Laplace approximation (INLA) algorithm. Because the expected effects of time adjacency may be similar, the second-order random walk (RW2) model is used to study the influence of age, period, and cohort, and estimate the number of cases, age-specific incidence, and standardized incidence (9). The BAPC package and INLA package in r.4.4.1 were used for BAPC analysis in this study (10).





3 Result



3.1 Burden of disease

The country with the highest lung cancer incidence among the BRICS in 2021 was China, with an ASIR of 44.0/100,000 (95% UI: 35.45, 53.35), which ranked 7th out of 204 countries and territories in the world in terms of ASIR, and the lowest was India, with an ASIR of 5.99 per 100,000 (95% UI: 4.92, 6.92), as shown in Figure 1. The ASIR for lung cancer in China, Egypt, India, and South Africa all showed an increasing trend (EAPC>0) compared to 1990. The largest increase was in Egypt, with an EAPC of 3.99 (95% CI: 3.42, 4.56), as shown in Figure 2, Table 1. The ASIR for lung cancer in the rest of the BRICS except China in 2021 was below the global average of 26.43/100,000 (95% UI: 23.90, 29.07).




Figure 1 | Burden of disease for lung cancer in 204 countries and territories in 2021. (A) ASIR; (B) ASPR; (C) ASMR; (D) ASDR.






Figure 2 | Time trend of ASIR in lung cancer in BRICS from 1990 to 2021. The blue line and its surrounding area represent the projection curves and uncertainty intervals for males; The green line and its surrounding area represent the projection curves and uncertainty intervals for females; The red line and its surrounding area represent the projection curves and uncertainty intervals for both sexes in total.




Table 1 | ASIR and tends of lung cancer in BRICS.



The highest lung cancer prevalence in BRICS in 2021 was in China, with an ASPR of 57.95/100,000 (95% UI: 46.20, 70.78), which ranked 18th out of 204 countries and territories in terms of lung cancer ASPR, and the lowest was in India, with an ASPR of 6.32/100,000 (95% UI: 5.19, 7.30), as shown in Figure 1B. The ASPR of lung cancer in China, Egypt, India, and Iran showed an increasing trend (EAPC>0) compared with 1990. The largest increase was in Egypt, with an EAPC of 3.68 (95% CI: 3.17, 4.19), as shown in Figure 3, Table 2. The ASPR for lung cancer in 2021 in all BRICS except China was below the global average of 37.28/100,000 (95% UI: 33.76, 40.77).




Figure 3 | Time trend of ASPR in lung cancer in BRICS from 1990 to 2021. The blue line and its surrounding area represent the projection curves and uncertainty intervals for males; The green line and its surrounding area represent the projection curves and uncertainty intervals for females; The red line and its its surrounding area represent the projection curves and uncertainty intervals for both sexes in total.




Table 2 | ASPR and trends of lung cancer in BRICS.



The highest lung cancer mortality in BRICS in 2021 was in China with an ASMR of 38.98/100,000 (95% UI: 31.40, 47.06), which ranked 9th out of 204 countries and territories, and the lowest was in India with an ASMR of 6.23/100,000 (95% UI: 5.12, 7.19), as shown in Figure 1C. The ASMR of lung cancer in China, Egypt, India, and Iran showed an increasing trend (EAPC>0) compared with 1990. The largest increase was in Egypt, with an EAPC of 4.09 (95% CI: 3.51, 4.68), as shown in Figure 4, Table 3. The ASMR for lung cancer in the rest of the BRICS except China in 2021 was below the global average of 23.50/100,000 (95% UI: 21.22, 25.85).




Figure 4 | Time trend of ASMR in lung cancer in BRICS from 1990 to 2021. The blue line and its surrounding area represent the projection curves and confidence intervals for males; The green line and its surrounding area represent the projection curves and uncertainty intervals for females; The red line and its surrounding area represent the projection curves and uncertainty intervals for both sexes in total.




Table 3 | ASMR and trends in lung cancer in BRICS.



The highest lung cancer DALYs in BRICS in 2021 was in China with an ASDR of 878.24/100,000 (95% UI: 703.53, 1068.71), which ranked 12th out of 204 countries and territories, and the lowest was in Saudi Arabia with an ASDR of 158.31/100,000 (95% UI: 124.44, 199.60), as shown in Figure 1D. Compared with 1990, Egypt and India ASDR showed an increasing trend (EAPC>0). The largest increase was in Egypt with an EAPC of 6.22 (95% UI:5.98, 6.46), as shown in Figure 5, Table 4. In 2021 The ASMR for lung cancer in the rest of the BRICS except China in 2021 was below the global average of 533.00/100,000 (480.13, 586.36).




Figure 5 | Time trend of ASDR in lung cancer in BRICS from 1990 to 2021. The blue line and its surrounding area represent the projection curves and confidence intervals for males; The green line and its surrounding area represent the projection curves and uncertainty intervals for females; The red line and its surrounding area represent the projection curves and uncertainty intervals for both sexes in total.




Table 4 | ASDR and trends in lung cancer in BRICS.



In terms of gender, ASIR, ASPR, ASMR, and ASDR for lung cancer were higher in males than females in all BRICS except UAE, where ASIR, ASPR, ASMR, and ASDR for lung cancer were higher in female than male lung cancer patients after 2014.




3.2 Risk factors

The different levels of lung cancer risk factors obtained in this study are as follows: Level 1 includes metabolic, environmental/occupational, and behavioral risks; level 2 includes tobacco (cigarette smoking, secondhand smoke), dietary risks (low-fruit diet), air pollution (ambient particulate matter pollution, indoor air pollution due to solid fuels), other environmental risks (indoor radon contamination), occupational risks (occupational exposure to asbestos, chromium, arsenic, beryllium, nickel, cadmium, diesel engine exhaust, polycyclic aromatic hydrocarbons, and silica), and high fasting blood glucose levels.

In 2021, among the level 1 risk factors, the ratio of lung cancer deaths attributable to behavioral risks to all lung cancer deaths was highest in all BRICS except Ethiopia, and the ratio of DALYs attributable to behavioral risks to total DALYs was highest in all BRICS except Ethiopia. In 2021, the number of lung cancer deaths attributed to behavioral risks in Russia accounted for 67.77% (95% CI: 63.46, 71.94) of all lung cancer deaths in the country, making it the country with the highest proportion of behavioral risks among BRICS. In 2021, the number of lung cancer deaths attributed to environmental/occupational risks in Ethiopia accounted for 47.88% (95% CI: 35.06, 59.27) of all lung cancer deaths in the country, making it the country with the highest proportion of environmental/occupational risks among BRICS, as shown in Figure 6A. DALYs attributable to behavioral risks accounted for 70.47% (95% CI:66.39, 74.63) of total DALYs in 2021 in Russia, the highest percentage of behavioral risks among BRICS. DALYs attributable to environmental/occupational risks accounted for 47.25% (95% CI: 38.92, 55.27) of total DALYs in Ethiopia in 2021, the highest proportion of environmental/occupational risks among BRICS, as shown in Figure 6B.




Figure 6 | Time trend of the proportion of level 1 risk factors for lung cancer in BRICS from 1990 to 2021. (A) Proportion of deaths; (B) Proportion of DALYs.



In 2021, among the level 2 risk factors, all BRICS except Ethiopia had the highest proportion of lung cancer deaths attributable to the risk of smoking as a percentage of all lung cancer deaths, and all BRICS except Ethiopia had the highest proportion of DALYs attributable to the risk of smoking as a percentage of total DALYs. The number of lung cancer deaths attributable to the risk of smoking accounted for 66.54% (95% CI: 62.20, 70.97) of all lung cancer deaths in Russia in 2021, making it the BRICS with the highest proportion of smoking risk. In 2021, the number of lung cancer deaths attributed to air pollution in Ethiopia accounted for 41.23% (95% CI: 28.30, 52.80) of all lung cancer deaths, making it the country with the highest proportion of air pollution risk among BRICS, as shown in Figure 7A. In 2021, DALYs attributed to smoking risks accounted for 69.34% (95% CI: 65.11, 73.55) of the total DALYs in Russia, making it the country with the highest proportion of smoking risks among BRICS. In 2021, DALYs attributed to air pollution accounted for 41.06% (95% CI: 28.16, 52.61) of the total DALYs in Ethiopia, making it the country with the highest proportion of air pollution risks among BRICS, as shown in Figure 7B.




Figure 7 | Time trend of the proportion of level 1 risk factors for lung cancer in BRICS from 1990 to 2021. (A) Proportion of deaths; (B) Proportions of DALYs.






3.3 Projection of disease burden trends

According to BAPC projection Brazil, Iran, Russia, and South Africa will have a decreasing trend in ASIR, ASPR, ASMR, and ASDR from 2021-2035. Egypt will have an increasing trend in ASIR, ASPR, ASMR, and ASDR from 2021-2035. By 2035, China’s lung cancer ASIR [50.96/100,000 (95% UI:28.90, 73.02)], ASPR [63.61/100,000 (95% UI:56.55, 70.68)], ASMR [36.53/100,000 (95% UI:32.38, 40.69)] and ASDR [916.28/100,000 (95% UI:500.19, 1332.37)] will be the highest in the BRICS. China’s lung cancer ASIR, ASPR, and ASDR will be in an upward trend during 2021-2035, but China’s lung cancer ASMR will be in an upward trend during 2021-2032 and then in a downward trend during 2022-2035, as shown in Figure 8A. By 2035, Ethiopia’s lung cancer ASIR [4.87/100000 (95% UI: 3.70, 6.04)], ASPR [4.89/100000 (95% UI: 3.77, 6.01)], ASMR [5.27/100000 (95% UI: 4.02, 6.53)], and ASDR [132.4/100000 (95% UI: 105.13159.66)] will all be the lowest among BRICS, as shown in Figure 8B.




Figure 8 | Projection of lung cancer ASIR, ASMR, ASMR, and ASDR trends in BRICS from 2021 to 2035. The blue area represents 95% UI. (A) China; (B) Ethiopia.







4 Discussion

As an emerging global multilateral cooperation mechanism and the most rapidly developing economic cooperation organization today, BRICS has gradually become an important force in global governance, but due to factors such as the continuous advancement of population aging, the frequent occurrence of epidemics, the problem of accessibility to medicines, the acceleration of the urbanization process, the changes in lifestyle brought about by economic development, and the relatively weak public health capacity building in developing countries, BRICS are also facing common public health security challenges (11, 12). In 2021, BRICS accounted for approximately 50.16%, 45.69%, 49.72%, and 51.83% of global lung cancer deaths, prevalence, incidence, and DALYs, respectively. There are also large differences in the burden of lung cancer, predicted trends, and risk factors among BRICS.

Brazil is the largest and most populous country in Latin America, and the largest emerging economy in Latin America. The AAPC and EAPC of ASIR, ASPR, ASMR, and ASDR of lung cancer in Brazil were all less than 0 in 1990-2021, and according to the BAPC projection, from 2021 to 2035, ASIR, ASPR, ASMR, and ASDR will all be in a decreasing trend. This may be related to the smoking ban and environmental protection measures in Brazil. Since 1990, the Brazilian government has formulated a number of powerful anti-smoking measures, such as banning smoking in public places, raising the tax rate of tobacco products, and setting health warning labels on cigarette packages (13). In 2006, the smoking population in Brazil accounted for 15,7% of the national population, while by 2018, the smoking population accounted for only 9,3% of the national population, a decrease of nearly 40% (14). In terms of environmental governance, Brazil’s Air Pollution Control Program for Motor Vehicles was established in 1987 to reduce vehicle air pollution. Brazil also established a National Programme for Control of Air Quality in 1989 which established strategies for setting national standards for air quality and emissions at source (15). Although the burden of lung cancer in Brazilian males was in a decreasing trend between 1990 and 2021, the ASIR, ASPR, ASMR, and ASDR of lung cancer in Brazilian females were in an increasing trend between 1990 and 2021. Although there were fewer female smokers compared to males, the reduction in the number of smokers in females was also lower compared to males (16). According to the findings, females are 31% less likely to quit smoking than men, and the percentage of females who succeed in quitting smoking is also lower compared to men (17). Moreover, the type of lung cancer with high incidence in females is lung adenocarcinoma, and the type of lung cancer with high incidence in males is lung squamous cell carcinoma. Compared with lung squamous cell carcinoma, the relationship between lung adenocarcinoma and smoking is relatively low. Therefore, after the decline in the proportion of smokers, the decline in the burden of lung cancer in women is less significant than that in men (18). Based on the above, the Brazilian government should pay more attention to females’ lung cancer burden in the future of lung cancer prevention and control.

China is one of the permanent members of the United Nations Security Council, the third largest country in the world in terms of land area and the second largest economy in the world. In 2022, the number of female lung cancer cases accounted for 17.5% of female malignant tumors in China, surpassing that of breast cancer (15.6%), and in China lung cancer ranked first in terms of morbidity and mortality among malignant tumors for both males and females (19, 20). China’s ASIR, ASPR, ASMR, and ASDR of lung cancer were the first in BRICS, and the AAPC and EAPC of China’s lung cancer ASIR, ASPR, and ASMR were greater than 0 from 1990 to 2021, the EAPC95% UI of ASDR passed through 0, and the AAPC of ASDR was greater than 0. The projection of BAPC showed that from 2021-2035 China’s lung cancer ASIR, ASPR, and ASDR will be in an upward trend. Studies have shown that the prevalence of smoking among Chinese males is as high as 60% (21), and the prevalence of smoking among Chinese females and adolescents is rapidly increasing (22). The willingness of Chinese smokers to quit is low, only 16.1% of smokers plan to or consider quitting (21). Meanwhile, with the rapid development of industrialization and transportation in China, especially the extensive use of coal and petroleum, several hazardous substances have been emitted into the atmosphere, exacerbating the high lung cancer disease burden in China (23). Previous studies have shown that there is a dose-response relationship between lung cancer risk and exposure to cooking fumes and that Chinese cooking is typically more likely to result in the evaporation of fumes compared to its regional cooking methods (24). Not only that, China has one of the highest levels of population aging in the world, but also the highest level of population aging among the BRICS (25), and the increase in the proportion of the older adult population has exacerbated the disease burden of lung cancer. Although China’s economic development and medical level have significantly improved after the reform and opening up, there is still a huge gap in the level of medical security between urban and rural areas. According to data from the National Bureau of Statistics of China, the per capita medical and health expenditure of urban residents in 2023 (2850 yuan) was 1.49 times that of rural residents (1916 yuan). At the same time, in 2023, the per capita financing of employee medical insurance (6182 yuan) was 5.63 times that of urban and rural residents’ medical insurance (1098 yuan). The above data all indicate an extreme imbalance in the allocation of medical resources between urban and rural areas in China, which exacerbates the burden of lung cancer disease on rural areas and farmers in China (26). However, according to predictions, the ASMR of lung cancer in China is expected to decrease in 2032-2035, which may be due to the popularization of clean energy, the improvement of healthcare and education levels, and the decrease in smoking rates among adolescents (27). The gender difference in lung cancer disease burden in China was very obvious, with ASIR, ASPR, ASMR, and DALYs for lung cancer in males being more than twice as high as those in females. The smoking rate of Chinese males is much higher than that of females, which may be one of the reasons for the significant gender differences in lung cancer burden in China (28). Another possible reason is that men and women have different sensitivities to tobacco carcinogens. However, studies have shown that the risk of lung cancer in Chinese male nonsmokers is also higher than that in female nonsmokers, while in Western populations, the risk of lung cancer in male nonsmokers is very low and not higher than that in women (29, 30). To sum up, China’s rapid economic growth has also caused environmental problems. The aggravation of environmental problems has increased the burden of lung cancer. Coordinating the contradiction between economic development and the environment, promoting the upgrading of industrial structure, dealing with the problem of uneven distribution of medical resources, slowing down the aging process of the population, and promoting stricter tobacco control policies are the key and difficult points for the Chinese government’s disease prevention and control in the future.

Egypt is one of the initiators of the Arab League and plays an important role in Arab, African, and international affairs. It is the third largest economy in Africa. The AAPC and EAPC of ASIR, ASPR, ASMR, and ASDR of lung cancer in Egypt were greater than 0 in 1990-2021, and according to the BAPC, it was predicted that ASIR, ASPR, ASMR, and ASDR of lung cancer in Egypt would be in an upward trend in the period of 2021-2035, which may be closely related to the turbulent political situation in Egypt. Egypt faced serious political divisions and social unrest after the Arab Spring, and the political turmoil caused by the Arab Spring led to frequent changes in government disrupted the continuity of health policies, and affected the implementation of public health programs (31). In terms of risk factors, according to WHO statistics, about 22% of the Egyptian population are smokers(without counting hookah), Egypt consumes about 20 billion cigarettes per year, and the prevalence of smoking among Egyptian adolescents is increasing (32). Under the dual influence of politics and lifestyle (smoking), the burden of lung cancer in Egypt is not optimistic. Reducing the smoking rate and maintaining social stability are important ways to reduce the burden of lung cancer in Egypt.

Ethiopia is the fifth largest economy and second largest population country in Africa, and a member of the African Union. The headquarters of the African Union and the United Nations Economic Commission for Africa are both located in Ethiopia. The AAPC and EAPC of ASIR, ASPR, ASMR and ASDR of lung cancer in Ethiopia were less than 0 in 1990-2021, and based on BAPC, it was predicted that ASIR, ASPR, and ASMR of lung cancer in Ethiopia would be in a decreasing trend in the period of 2021-2035 and that the DALYs of lung cancer in Ethiopia will be on the rise in the period of 2021-2022 after which 2022-2035 will be in decreasing trend. Although Ethiopia’s total and per capita GDP is at the bottom of the BRICS, Ethiopia’s GDP maintained a high average annual growth rate of 10% between 2000 and 2010, and between 1990 and 2023, Ethiopia’s total GPP increased 5.12 times, and per capita GDP increased 4.96 times, making it one of the fastest growing economies. Ethiopia’s economic development has led to investment in public health infrastructure and increased capacity for early screening and treatment of lung cancer (33). In terms of risk factors, Ethiopia is the only BRICS country where environmental/occupational risks rank first in level 1 risk factors and air pollution risks rank first in level 2 risk factors. First of all, Ethiopia’s rapid economic development has caused environmental damage (34). Secondly, in Ethiopia, especially in rural areas, due to the lack of clean energy and modern energy facilities, many households rely on biomass fuels (such as wood, crop residues, and animal manure) for cooking and heating. These fuels will produce a large number of harmful air pollutants during combustion, leading to indoor air quality problems. In terms of behavioral risk, Ethiopia’s degree of industrialization and urbanization is lower than that of other BRICS, while the high industrialization and urbanization of other BRICS bring higher living standards and also lead to an increase in behavioral risks such as smoking. Therefore, Ethiopia’s behavioral risk has a lower impact on lung cancer than other BRICS.

India is the largest country in the South Asian subcontinent, the most populous country in the world, and the fifth largest economy in the world. The AAPC and EAPC of ASIR, ASPR, ASMR, and ASDR of lung cancer in India for the period 1990-2021 were greater than 0. Meanwhile, according to BAPC projection, India’s ASIR, ASMR, and ASDR will be in an upward trend in 2021-2022 after declining in 2022-2035 and India’s ASPR will be in an upward trend during 2021-2035. India is the world’s second-largest consumer of tobacco after China, and smoking prevalence among males in India nearly tripled between 1998 and 2010, with a particularly marked increase among younger age groups (35, 36). Rapid economic development, industrialization, and urbanization in India have increased energy consumption and industrial waste emissions, leading to a growing air pollution problem in India. In numerous parts of India, where air pollution levels far exceed the safety standards set by WHO (24-hour ambient PM2.5 standard of 15 μg/m³, not to be exceeded more than 3 to 4 times per year), such as Delhi, the capital of India, has an average PM2.5 of up to 100 µg/m³ in 2021. Burning celebrations during festivals and burning of crop residues in India can even elevate PM2.5 to 700-1000 μg/m³ (37). Although the Indian constitution stipulates that all citizens can enjoy free healthcare, the government’s investment in healthcare is very limited. According to WHO data, in 2021, India’s healthcare expenditure accounted for 3.28% of GDP, which is only slightly higher than Ethiopia’s (3.21%) among BRICS (38). Therefore, under the multiple influences of insufficient medical expenditure, lifestyle (smoking), and environmental issues, the burden of lung cancer disease in India is increasing.

Iran is located in the heart of West Asia, known as the “Eurasian land bridge” and “East-West air corridor”, and is the world’s largest Shiite Islamic country with rich oil and gas resources. ASIR, ASMR, ASPR, and ASDR of lung cancer in Iran 1990-2021 showed large fluctuations, especially during 2019-2021. The EAPC of ASIR, ASMR, and ASPR for lung cancer in Iran between 1990-2021 was greater than 0, and the 95% uncertainty interval of the EAPC of ASDR passed through 0. The EAPC of ASIR, ASMR, and ASPR for lung cancer between 1990-2021 was less than 0, and the 95% uncertainty interval of the AAPC of ASPR passed through 0. According to BACPs projection, ASIR, ASPR, ASMR, and ASDR of lung cancer in Iran will be in a decreasing trend between 2021-2035. The reason for this phenomenon may be due to the fact that Iran was affected by the COVID-19 outbreak leading to the distortion of the data, which in turn led to huge fluctuations in the data related to lung cancer in 2019-2021. In Iran, lung cancer ranks 4th and 5th in the order of incidence and mortality of malignant tumors in males and females, respectively (39). According to the National Cancer Registration Program (NCRP) of Iran, the incidence of lung cancer in Iran increased by an average of 6.8% per year in males and 7.7% per year in females during the period from 2000 to 2016 (39). The increased burden of lung cancer in Iran may be closely related to influences such as high smoking prevalence (39), environmental pollution (40), economic sanctions (41), and gas warfare during the Iran-Iraq war (42).

Russia is one of the permanent members of the United Nations Security Council and the largest country in the world. AAPC and EAPC of ASIR, ASPR, ASMR, and ASDR for Lung Cancer in Russia from 1990 to 2021 were less than 0. According to BACPs projection, lung cancer ASIR, ASPR, ASMR & ASDR in RUS will be on a downward trend between 2021-2035. The reason for the improvement in the burden of lung cancer in Russia may be related to a series of tobacco control measures taken by the Russian government (43), such as the signing of the WHO Framework Convention on Tobacco Control in 2008 and subsequent measures. From 2009 to 2016, the smoking rate in Russia decreased by 21.5% (44). Although the ASIR, ASPR, ASMR, and ASDR of lung cancer in Russia have a downward trend, and the burden of lung cancer in Russian females is low in BRICS, the ASIR, ASPR, ASMR, and ASDR of lung cancer in Russian males are still at a high level. First of all, this may be related to the low smoking rate of Russian females (45). Secondly, industry plays an important role in the Russian economy, especially the energy industry and heavy industry. The work related to it may involve occupational exposure related to lung cancer, such as asbestos, cadmium, and silicon (46). The proportion of males in these jobs is often high. Hence, the burden of lung cancer on males in Russia is still worthy of attention.

Saudi Arabia has the second largest sand oil reserves in the world, is one of the major members of the Organization of Petroleum Exporting Countries (OPEC), has the second largest total GDP in the Middle East, is the world’s largest Sunni Islamist country, and has a pivotal political and economic influence in the Middle East. The 95% uncertainty intervals for the EAPC of ASIR, ASPR, ASMR, and ASDR for lung cancer in Saudi Arabia 1990-2021 passed through 0. The 95% uncertainty intervals for the AAPC of ASIR and ASMR all passed through 0. The AAPC of ASPR was greater than 0, and the AAPC of ASDR was less than 0. According to BACP projection, ASIR for lung cancer in Saudi Arabia will be declining in 2021-2031 and will be in an upward trend in 2031-2035, ASPR will be in an upward trend in 2021-2035, ASMR will be in a downward trend in 2021-2035, ASDR will be in a downward trend in 2021-2023, and in an upward trend in 2024- 2035 will be on an upward trend. It is worth noting that ASIR, ASPR, ASMR, and ASDR of lung cancer in Saudi Arabia were in a continuous downward trend from 2007 to 2021, and in 2021 Saudi Arabia’s ASIR, ASPR, ASMR of lung cancer was only higher than India’s among the BRICS and in 2021 Saudi Arabia’s ASDR was ranked the lowest among the BRICS. This may be related to Saudi Arabia’s strict Islamic doctrine, which banned smoking until the 1960s. Although smoking is now legal, it is still considered a condemned behavior at the religious level in Saudi Arabia. Saudi Arabia passed the WHO Framework Convention on Tobacco Control in 2015 and began imposing heavy taxes on cigarettes after 2017 (47). However, although the Ministry of Commerce and Investment of the Kingdom of Saudi Arabia formally implemented the ban on the sale of electronic cigarettes in September 2015, in August 2019, the Saudi Food and Drug Administration began to implement the technical regulation SFDA FD.60 for tobacco products, which opened the way for the opening and compliance of the electronic cigarette market in Saudi Arabia, and the regulation does not restrict the Internet sales of electronic cigarettes. Therefore, electronic cigarette products in Saudi Arabia are allowed to be sold through online channels at present (48). In addition, with the implementation of Saudi Arabia’s “Vision 2030” policy and the advancement of secularization, Saudi Arabia will still face challenges such as environmental pollution and changes in lifestyle habits.

Located at the southernmost tip of the African continent, South Africa is the second largest economy in Africa and the most economically developed and industrialized country in Africa. The 95% uncertainty intervals for the EAPC of ASIR, ASPR, ASMR, and ASDR for lung cancer from 1990-2021 passed through 0. The 95% uncertainty intervals for the AAPC of ASPR, ASMR, and ASDR passed through 0, and the AAPC of ASIR was greater than 0. According to BACP projection, lung cancer ASIR, ASPR, ASMR, and ASDR in South Africa will be on a declining trend between 2021-2035. South Africa has implemented strict tobacco control policies such as restricting smoking in public places and increasing excise taxes on cigarettes since 1993 (49). The per capita cigarette consumption in South Africa decreased by 54% from 1999 to 2011 (50). However, on the other hand, South Africa has a huge gap between the rich and the poor. According to Statistics South Africa, the Gini coefficient of South Africa is 0.67, which belongs to the high-income inequality countries. At the same time, South Africa’s health care system is divided into the public (83%) and the private (17%) sectors, the public health care system suffers from understaffing and a lack of resources, in contrast to the private system which has sufficient resources staffing and advanced and modern treatments. As a result, early screening and effective treatment of lung cancer are often difficult to access for low-income groups in South Africa (51). In the future, the huge gap between the rich and the poor and the imbalance in the distribution of healthcare resources may be a problem to be faced in the future of lung cancer prevention and control in South Africa. In terms of regulating electronic cigarettes, South Africa proposed the Control of Tobacco Products and Electronic Delivery Systems Bill in 2018, which aims to regulate electronic cigarette products as tobacco products rather than as drugs or consumer goods. However, due to strong opposition from the electronic cigarette industry and lobbying activities, the bill has not yet been officially enacted into law (52). In the future, how to reduce the wealth gap and alleviate the imbalance in the allocation of medical resources, as well as how to strengthen the regulation of electronic cigarette products, will be the problems that South Africa’s lung cancer prevention and control will face.

The United Arab Emirates is located at the southeastern end of the Arabian Peninsula, facing Iran across the sea. It is a maritime transportation hub that controls the Persian Gulf and enters the Indian Ocean, with abundant oil and gas resources. At the same time, the United Arab Emirates is also the country with the highest per capita GDP in the Middle East and an important hub for East-West trade. The AAPC and EAPC of ASIR, ASPR, and ASDR for lung cancer in the UAE 1990-2021 were less than 0, the AAPC of ASMR was less than 0, and the 95% uncertainty interval of the EAPC of ASMR passed through 0. According to BACP projection, lung cancer ASIR, ASPR, and ASMR in the UAE will be in a declining trend between 2021-2035, ASDR will rise in 2021-2022 and be in a declining trend in 2023-2035. It is worth noting that the ASIR, ASPR, ASMR, and ASDR for lung cancer in UAE females exceeded those of males after 2014, and the UAE is the only BRICS country to have a higher lung cancer burden indicator for females than for males. The UAE 2023 census data shows that the gender ratio in the UAE shows a large disparity, with males comprising 68.58% of the country’s population and females comprising 31.42% (53). The oil boom changed the economic landscape of the Gulf region and driven by the oil industry, Gulf countries such as the UAE entered an era of large-scale importation of foreign labor in the 1970s, with the number of expatriates in the UAE exceeding the number of locals. According to 2017 data, the UAE has the highest percentage of expatriate working population among the BRICS and Gulf countries, and the expatriate working population is mainly concentrated in young males (54), with a relatively low incidence of lung cancer, which may have led to an imbalance in the male-to-female ratio in the UAE and a lower burden of lung cancer in males than in females after age standardization after 2014. The other reason may be due to the increasing popularity of smoking behavior with the advancement of secularization in the UAE, especially hookah is becoming more popular among females (55). Meanwhile, studies have shown that higher levels of estrogen in females have a promoting effect on lung cancer (56), making them more sensitive to tobacco carcinogens and more susceptible to lung cancer than males under the same exposure conditions (57). The above reasons may have contributed to the higher indicators of lung cancer burden among females than males in the UAE. Therefore, for the UAE, protecting the medical rights and interests of migrant workers and reducing the female smoking rate will be the focus of lung cancer prevention and control in the future.

There are some limitations in this study, firstly, the fact that all BRICS members are developing countries, which may not be able to provide comprehensive and accurate disease and health data due to resource and infrastructure limitations. Secondly, there are significant regional and urban-rural differences within developing countries represented by China, India, Russia, etc., but the data in the GBD database cannot fully reflect these differences. Moreover, the economic growth and health data of developing countries represented by Iran, Egypt, and Russia are extremely vulnerable to external economic and political factors, which may lead to bias in BAPC prediction. At the same time, the policy adjustments of electronic cigarettes in different countries in the future may also bias the BAPC prediction of diseases. Thirdly, according to the WHO report in August 2020, since the outbreak of COVID-19, 90% of the world’s key medical services have been affected, while cancer diagnosis and treatment have been affected as much as 55% (58). In addition, studies have shown that during the initial peak period of the COVID-19 epidemic, many countries have reported a significant decline in lung cancer cases, which suggests that the epidemic has an important impact on cancer diagnosis, and the mortality of lung cancer patients with COVID-19 is as high as 30%~50% (59). Therefore, the epidemic of COVID-19 may have a certain impact on the statistics of incidence rate and mortality of lung cancer, thus causing data bias.




5 Conclusion

In general, although BRICS are all developing countries, due to the influence of living habits, national policies, economic development level, population aging, politics, religion, war, and other factors, there are also great differences in the burden of lung cancer among countries. Understanding these differences can enable BRICS to make more accurate decisions in future public health construction, and to realize the rational allocation of resources. At the same time, although BRICS still have a heavy burden of lung cancer, the strict tobacco control policies of Brazil, Russia, South Africa, and Saudi Arabia, the environmental protection policies and energy structure adjustment policies of China and Brazil, and Ethiopia’s increased investment in medical construction have all played a positive role in reducing the burden of lung cancer. These policies also provide ideas for the prevention and control of lung cancer in other developing countries.
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