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Background: Cervical cancer is the fourth highest incidence of malignancy in the world and a common cause of cancer death in women. We assessed the trends of incidence and mortality and disability-adjusted life year (DALY) in China, England and India from 1990 to 2030.

Method: Data were obtained from the Global Burden of Disease (GBD) database. We collected the number and rate of incidence, death and DALY from 1990 to 2019 and calculated the estimated annual percentage change (EAPC). Further analysis was carried out by ages and years. We also collected attributable risk factors to cervical cancer. Finally, we utilized the Bayesian Age-Period-Cohort (BAPC) model to forecast trends in the rate of age-standardized incidence (ASIR) and age-standardized death (ASDR) the for the next decade.

Result: Globally, the incidence of cervical cancer cases increased from 335,641.56 in 1990 to 565,540.89 in 2019. In 2019, the ASIR and ASDR of cervical cancer were higher than those of India but lower than those of England. Furthermore, unsafe sex and smoking emerge as prominent risk factors for cervical cancer. Over the next decade, ASIR and ASDR are expected to decline in China and England, while India’s ASIR is still on an upward trend and ASDR is on a downward trend.

Conclusion: The epidemiological data of cervical cancer in these three countries reflects the influence of different stages of development and healthcare systems. Trends over the next decade suggest that China and India still face a huge burden of cervical cancer. When England has made significant progress, China and India need to take more measures to improve the prevention and control of cervical cancer.
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1 Introduction

Cervical cancer is the fourth most common malignancy in the world and a common cause of cancer death in women, with approximately 604,000 new cases and 342,000 deaths worldwide in 2020 (1). Cervical cancer has the highest incidence among young women and is typically categorized into two primary histological types: adenocarcinoma and squamous cell carcinoma (2). During its early stages, cervical cancer often remains asymptomatic. However, as the disease progresses, it may manifest with noticeable symptoms, including abnormal vaginal bleeding, pelvic discomfort, pain during sexual intercourse, and an unusual vaginal discharge. Cervical cancer is caused primarily by persistent infection with high-risk types of human papillomavirus (HPV) (3), which is a common sexually transmitted infection. Most women are exposed to HPV at some point in their life, but in many cases, the immune system clears the infection. However, in some instances, the virus can persist and lead to changes in the cervical cells, potentially progressing to cervical cancer over time. Unfortunately, while the HPV vaccine and cervical cancer screening have become more widely available, the incidence of cervical cancer has not decreased significantly.

Cervical cancer is a growing global burden for both developing and developed nations. Furthermore, in 2020, the World Health Organization (WHO) initiated a far-reaching appeal to all nations across the globe, urging them to access resources with the aim of expediting the eradication of cervical cancer as a critical public health issue (4). In the United States, approximately 100,000 individuals continue to receive treatment for precancerous cervical lesions. Out of those, 14,000 are newly diagnosed with cervical cancer, and tragically, 4,000 have lost their lives to this disease (5). An observational study revealed that, in relation to both incidence rates and mortality, regions with a high socio-demographic index (SDI) exhibited significantly lower figures compared to regions with a low SDI (6). While the Chinese government has initiated free HPV vaccination programs for adolescents and provided free cervical cancer screenings for women aged 35 to 64 years in rural areas, the incidence of cervical cancer in China remains on the rise (7). Due to its substantial population, China accounted for 11.9% of global cervical cancer deaths in 2017, contributing to 12.3% of the worldwide DALY due to cervical cancer (8).

The Global Burden of Disease (GBD) 2019 conducted an evaluation of 369 causes of mortality or injury and 87 risk factors across 204 countries and regions. Through the GBD database, we can access a wealth of data, including prevalence and incidence of diseases, mortality, disability-adjusted life years (DALYs), years of life lost (YLL), and years lived with disability (YLD). In this study, we utilized the GBD 2019 database to analyze and compare trends in cervical cancer-related burdens across three countries: China, India, and England, spanning from 1990 to 2019. Additionally, we projected the age-standardized incidence rate (ASIR) and age-standardized death rate (ASDR) for cervical cancer for the years 2020 to 2030. The findings from this analysis will aid in predicting longitudinal changes in cervical cancer incidence. We conducted a comparative analysis of data from China, England (a developed country), and India (a developing country) to examine the epidemiology data of cervical cancer. It investigated the influence of different stages of development and healthcare systems, offering a valuable reference and guidance for formulating policies to reduce the burden of this disease in the near future.



2 Method


2.1 Data sources

The methodology of the GBD Study 2019 has been described elsewhere (9). We have extracted cervical cancer data and demographic information from China, England and India from 1990 to 2019 from an online database.1 We have gathered data for incidence, death, and DALY numbers over a 30-year period, along with data for age-specific and age-standardized incidence, death, and DALY rates. Furthermore, we have collected information on risk factors attributable to cervical cancer. Ethics approval and informed consent were not required for this study because of public accessibility of the data. This study followed the Guidelines for Accurate and Transparent Health Estimates Reporting (GATHER) for cross-sectional studies (10).



2.2 Statistical analysis

We collected the number and age-standardized rate of incidence and death, along with the 95% uncertainty interval (UI) obtained from the database. Temporal trends in the ASIR and ASDR from 1990 to 2019 were quantified by the estimated annual percentage change (EAPC) to assess the burden of cervical cancer. The EAPC serves as a commonly utilized metric for assessing ASR trends within defined time intervals (11). If both the EAPC and its 95% CI lower limit were > 0, it is considered that the ASR is exhibiting an increasing trend. Conversely, if both <0, it is deemed that the ASR is in a declining trend. Otherwise, the ASR is regarded as stable. We also analysed the number and age-standardized rate of incidence, mortality and burden of cervical cancer in 2019 by different age groups to find the age-specific patterns. Then, we calculated and reported the incidence, death and DALYs attributable to all risk factors, including unsafe sex and smoking in China, England and India in the last 30 years. Finally, we used the Bayesian age-period-cohort analysis (BAPC) model with integrated nested Laplace approximation (INLA) to predict the trends in the ASIR and ASDR from 2020 to 2030 in three countries. Then we used the GBD Foresight Visualization to verify the results.

The data analysis was conducted using the R program (version 4.3.1) and RStudio. The BAPC prediction model utilized the software packages “nordpred (version 1.1),” “BAPC (version 0.0.36),” and “INLA (version 23.09.09).” Graphs were generated using GraphPad Prism (version 9.0.0) and the R.




3 Results


3.1 Incidence and mortality of cervical cancer

Globally, the incidence of cervical cancer cases increased by 68.50% from 335,641.56 in 1990 to 565,540.89 in 2019. During the same period, the ASIR decreased by an average of 0.38% (95% CI 0.34–0.41%) per year, dropping from 14.91 per 100,000 in 1990 to 13.35 per 100,000 in 2019 (Supplementary Figure 1A). The ASDR also decreased by an average of 0.93% (95% CI 0.88%−0.98%) per year from 8.48 in 1990 to 6.51 in 2019 (Supplementary Figure 1B). Although the ASIR has declined, the overall global burden of disease remains high.

In China, there was a significant increase in the incidence of cervical cancer cases, which increased by 169.80% from 40,680.98 in 1990 to 109,759.90 in 2019. The ASIR in China increased by an average of 1.61% (95% CI 1.36–1.86%) per year during the same period, going from 8.41 per 100,000 in 1990 to 11.01 per 100,000 in 2019.

Conversely, England saw a decrease in the incidence of cervical cancer cases, which declined from 4,236.1 in 1990 to 2,827.45 in 2019, with an EAPC of-1.89%. In India, there was an increase in the number of incidence cases, rising from 47,408.5 in 1990 to 84,981.9 in 2019. However, the ASIR in India decreased from 16.65 per 100,000 in 1990 to 13.1 per 100,000 in 2019 (Table 1).



TABLE 1 The Incidence numbers, age-standardized incidence, and temporal trends of cervical cancer from 1990 to 2019.
[image: Table1]

As shown in Table 2, the ASDR has decreased in China, India, England, and globally. Nevertheless, the number of deaths continued to climb in both China and India, while it declined in England. Specifically, the ASDR decreased from 5.85 in 1990 to 5.13 in 2019, with an EAPC of 0.09%. In India and England, the ASDR decreased from 10.9 and 5.64 in 1990 to 7.38 and 2.74 in 2019, respectively.



TABLE 2 The death numbers, age-standardized death rate, and temporal trends of cervical cancer from 1990 to 2019.
[image: Table2]



3.2 Temporal trends of age-standardized incidence, mortality and DALY rate of cervical cancer

Since 1990, the ASIR has gradually increased until 2019 in China, in contrast to England, where the ASIR has exhibited a continuous decline over the same period (Figure 1A). India’s ASIR consistently surpasses that of both China and England, although it also demonstrates a slow decreasing trend. Notably, India had the highest ASDR among these three countries, while England had the lowest (Figure 1B). Both India and England show declining trends in ASDR, whereas China’s pattern appears to fluctuate. The trends for DALY rates and ASDR follow a similar pattern (Figure 1C). The burden of disease in China is slowly increasing, in India it is consistently high, although it is declining, and in the England, it has remained low and falling.

[image: Figure 1]

FIGURE 1
 Time trends of age-standardized incidence (A), mortality (B), and DALY (C) rates of cervical cancer in China, England and India. DALY, disability-adjusted life-years. k, thousand.




3.3 The incidence, mortality and burden of cervical cancer in 2019 by age

The incidence, mortality and burden of cervical cancer in China, England and India in 2019 by different age groups were shown in Figure 2. Notably, the incidence of new cases reached its peak in the 50–54 age group in China and India, whereas in England, it was highest in the 35–39 age group (Figure 2A). Similarly, the number of deaths peaked in the 50–54 age group in China and India, while in England, it was most prominent in the 70–74 age group (Figure 2B). The DALY numbers in India and China were greater than that in England (Figure 2C).
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FIGURE 2
 The number and rate of age-standardized incidences (A,D), deaths (B,E), and DALYs (C,F) of cervical cancer in China, England and India in 2019 by age.


Furthermore, the ASIR reached its pinnacle at 29.83 in the 55–59 age group in China, 37.64 in the 50–54 age group in India, and 18.94 in the 80–84 age group (Figure 2D). Conversely, the ASDR displayed an increasing trend with age and reached its maximum in the 95+ age group in China, India, and England, with values of 32.43, 49.04, and 39.52, respectively (Figure 2E). The DALY rates peaked at 506.33 in the 55–59 age group in China, 789.56 in the 50–54 age group in India, and 231.12 in the 70–74 age group in England (Figure 2F).



3.4 Risk factors for cervical cancer in China, England and India

To explore potential risk factors, we conducted an analysis encompassing all attributable risk factors within the GBD database (Figure 3). In general, unsafe sex emerged as the most prominent risk factor across the three different countries (Figures 3B,D). The age-standardized DALY rate and ASDR exhibited a declining trend for England and India but fluctuated in the case of China.
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FIGURE 3
 Proportion of DALYs (A–C) and ASDR (D–F) attributable to all risk factors, unsafe sex and smoking, for China, England and India from 1990 to 2019. ASDR, age-standardized death rate.


Notably, smoking plays a crucial role in both DALY and ASDR in England. However, it is noteworthy that, since 1990, smoking has consistently demonstrated a significant downwards trend, as illustrated in Figures 3C,F. The ASDR and DALY rates attributed to smoking were quite similar between China and India.



3.5 Changes in burden, incidence and death in the next ten years

From 2019 to 2030, the ASIR in China has exhibited a gradual decline, settling at 10.71/100000, albeit still higher than the 1990 level (Figure 4A). Meanwhile, the ASDR has decreased to 4.37/100000, marking a reduction compared to that in 1990 (Figure 4B). In England, both ASIR and ASDR have consistently displayed a rapid declines over the 30-year span, reaching approximately 6.24/100000 and 2.18/100000 by 2030, respectively (Figures 4C,D). Turning to India, the ASIR exhibited a declining trend from 1990 to 2012, but it began to gradually increases in 2013, reaching 14.86 by 2030 (Figure 4E). The ASDR witnessed a swift decline from 1990 to 2012, followed by a gradual reduction starting in 2015, reaching 7.39/100000 by 2030 (Figure 4F). Morbidity and mortality rates in the England and China will experience a downwards trend over the next decade, while morbidity rates in India are still rising. The GBD Foresight Visualization showed that the ASDR is consistently on a downward trend for the next 20 years (Supplementary Figure 2).
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FIGURE 4
 The change trends of the ASIR and ASDR from 1990 to 2030 in China (A,B), England (C,D), and India (E,F). ASIR, age-standardized incidence rate.





4 Discussion

The study comprehensively demonstrated the trend of the burden of cervical cancer by year and age with measurements of incidence, death and DALYs in the past 30 years and compared the differences among China, England, and India from the GBD database. We found that India had the highest rates of incidence, mortality and DALY among the three countries. Furthermore, unsafe sex is the most important risk factor, which deserves our attention. As developing countries, both China and India continue to face with substantial burden of cervical cancer, necessitating the implementation of policies to alleviate it.

Cervical cancer has a relatively high incidence rate in China, possibly due to factors such as a large population, urban–rural disparities (12), and healthcare inequalities. The mortality rate for cervical cancer patients is also relatively high, partly because of uneven distribution of healthcare resources across different regions, resulting in some women not receiving timely treatment. China has implemented a variety of initiatives (13), such as cervical cancer vaccination programs and routine screenings. Nevertheless, regional disparities persist, with urban areas often enjoying more comprehensive coverage while rural and remote areas encounter accessibility challenges.

The incidence of cervical cancer is relatively low in England, which can be attributed to the highly developed healthcare system and widespread screening programs used (14). Similarly, the mortality rate for cervical cancer patients is also relatively low, reflecting effective early diagnosis and treatment. In England, there are well-established cervical cancer screening (15) and vaccination programs (16) that play a pivotal roles in early diagnosis and prevention. These programs are readily accessible across the nation, ensuring that a larger number of women can benefit from them.

As a developing country, India has a higher incidence of cervical cancer, possibly due to healthcare inadequacies, cultural factors, education levels, and poverty. In India, healthcare inequality is common, leading many women to not have access to preventive and treatment services. The mortality rate for cervical cancer patiens is also relatively high. While there is substantial evidence supporting the efficacy of screening as an intervention, large-scale screening initiatives are still relatively rare in India, only 2.6 to 5% of women are being screened by Pap smears (17). Understanding the disease and promoting early screening are the most effective measures for preventing cervical cancer. A lack of awareness about cervical cancer, screening, and prevention methods, coupled with negative attitudes and suboptimal practices, constitute the primary factors contributing to the increased incidence of this disease (18). The Indian government has taken measures to increase cervical cancer vaccination rates (19) and improve screening programs. However, obstacles such as healthcare inequalities and insufficient service coverage continue to pose challenges. Improving healthcare service coverage and raising awareness about cervical cancer are crucial.

Persistent HPV infection is recognized as the main pathogenic factor of cervical cancer (20). More than 99% of cervical cancer cases are linked to specific types of high-risk HPV, including 16, 18, 31, 33, 45, 52, and 58. In addition to their well-known transformative properties, cells infected with HPV play an active role in shaping the local environment, creating a supportive post-infection microenvironment (PIM). This PIM is increasingly acknowledged as a crucial element in viral persistence, propagation, and the progression toward malignancy (21). Since the WHO proposed the global strategic goal of eliminating cervical cancer, significant efforts have been made worldwide. Accelerating the coverage of HPV vaccination contributes to achieving this goal, and the effectiveness of HPV vaccination has been confirmed in various countries (22, 23). HPV vaccines are classified into three types based on the types of HPV they target. The 2-valent HPV vaccines target HPV-16 and-18, the 4-valent HPV vaccines target HPV-16, −18, −6, and-11, and the 9-valent HPV vaccines provide protection against HPV-16, −18, −6, −11, −31, −33, −45, −52, and-58. HPV vaccination is an effective measure for the primary prevention of cervical cancer, targeting the underlying causes of the disease. A study involving 15,637 participants revealed that awareness of HPV and HPV vaccination significantly decreases with decreasing education and varies by race and ethnicity. Specifically, awareness levels tend to be lower among Black and Asian populations than among White populations (24). Currently, since its first approval in 2016 in China, the HPV vaccines immunization coverage is still low, with less than 3% (25) for adolescents and less than 6% for the entire population. Cervical cancer accounts for 10% of cancer deaths among women in India, but the HPV vaccine is not included in India’s universal immunization program (26). And England is different, the HPV bivalent vaccine (Cervarix) immunization was first introduced in England, UK in Sept 1, 2008, subsequently the routine vaccination was offered to girls aged 12–13 years and catch-up programs were offered to those aged 14–18 years, resulting in a significant decrease in cervical cancer incidence among young women (27). Accelerating the roll-out of the HPV vaccine could help improve the disease burden of cervical cancer. In addition, risk factors for cervical cancer include other infection and behavioral factors. Infectious factors include sexually transmitted diseases of chlamydia and genital herpes (28), and human immunodeficiency virus (HIV) infection (29). The behavioral factors included age at first sexual intercourse (30, 31), multiple partners (32), parity (28, 33), smoking status (34, 35), prolonged use of oral contraception, cervix dysplasia. This is consistent with the risk factors we found. Therefore, increasing public health awareness is crucial. We should use various media platforms, including television, radio, and social media, to carry out education and publicity activities on cancer. Tertiary prevention measures for cervical cancer should be fully implemented and strictly implemented. First, cervical cancer development should be prevented by advocating for a healthy lifestyle and by receiving the HPV vaccination. Second, women with sex are encouraged to undergo regular cervical cancer screening, including thin-based cytology (TCT) and high-risk HPV testing. Finally, precancerous lesions should be found and treated as soon as possible in time, and comprehensive treatment methods such as surgical resection, radiotherapy and chemotherapy, and immunization should be adopted for cervical cancer during different periods.

The predictive model indicates that the ASIR and ASDR in China have shown a gradual decline. In India, the ASIR demonstrated a gradual increase, whereas the ASDR experienced a gradual decline. In England, both the ASIR and ASDR consistently exhibited a significant decreases over the past 30 years. However, it’s important to note that for the population forecast data from 2020 to 2030, information is only available only for the United Kingdom, and there is no specific data for England. Consequently, there may be some degree of bias in the ASR predictions derived from the BAPC model. Nevertheless, an overall downwards trend remains evident.

However, the study has several limitations. First, GBD data rely on the healthcare information systems and disease surveillance of individual countries. Different countries and regions may use different standards and methods to collect data, which can lead to data inconsistencies. Second, the BAPC model is influenced by various factors, which could introduce some biases. Interpreting its results requires a multifaceted analysis. Third, GBD data reflect an overall level and does not specifically report the disease burden associated with each pathological type, such as squamous cell carcinoma, adenocarcinoma, and adenosquamous carcinoma. Additionally, it is necessary to translate the research findings into usable data, providing a basis of reference for countries to formulate preventive policies.

In summary, the epidemiological data on cervical cancer in these three countries reflect the influence of different stages of development and healthcare systems. In China, the ASIR of cervical cancer has steadily increased, while the ASDR and age-standardized DALY rate exhibit relatively stable fluctuations. In contrast, England demonstrated a clear and consistent decline in the ASIR, ASDR, and DALY rates of cervical cancer. India, on the other hand, grapples with persistently high rates but shows a declining trend. The primary risk factor remains unsafe sex and smoking, underscoring the need for increased public education and heightened awareness among women. Trends over the next decade suggest that China and India still face a huge burden of cervical cancer. When England has made significant progress, China and India need to take more measures to improve the prevention and control of cervical cancer, especially in poorer and remote regions.
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