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Introduction: Ovarian cancer (OC) is one of the major diseases threatening women's health and life. Estimating the burden trends and risk factors of OC can help develop effective management and prevention measures. However, there is a lack of comprehensive analysis concerning the burden and risk factors of OC in China. In this study, we aimed to assess and predict the burden trends of OC in China from 1990 to 2030, and make a comparison with the global level.

Methods: We extracted prevalence, incidence, mortality, disability-adjusted life years (DALYs), years of life lost (YLLs), and years lived with disability (YLDs) data from the Global Burden of Disease Study 2019 (GBD 2019) and characterized OC burden in China by year and age. OC epidemiological characteristics were interpreted by conducting joinpoint and Bayesian age-period-cohort analysis. We also described risk factors, and predicted OC burden from 2019 to 2030 using Bayesian age-period-cohort model.

Results: In China, there were about 196,000 cases, 45,000 new cases and 29,000 deaths owing to OC in 2019. The age-standardized rates (ASRs) of prevalence, incidence and mortality have increased by 105.98%, 79.19%, and 58.93% respectively by 1990. In the next decade, OC burden in China will continue to rise with a higher rate than the global level. The OC burden in women under 20 years of age is slowing down, while the burden in women over 40 years of age is getting more severe, especially in postmenopausal and older women. High fasting plasma glucose is the major factor contributing the most to OC burden in China, and high body-mass index has surpassed occupational exposure to asbestos to be the second risk factor. OC burden from 2016 to 2019 in China has increased faster than ever before, indicates an urgent need to develop effective interventions.

Conclusion: The burden of OC in China has shown an obvious upward trend in the past 30 years, and the increase rate accelerated significantly in recent 5 years. In the next decade, OC burden in China will continue to rise with a higher rate than the global level. Popularizing screening methods, optimizing the quality of clinical diagnosis and treatment, and promoting healthy lifestyle are critical measures to improve this problem.
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1. Introduction

OC is the most lethal malignancy of female reproductive system with poor prognosis. Unfortunately, 70% of OC patients are found to be in the advanced stage, and the 5-year survival rate is only 47.4% (1). High recurrence rate and chemotherapy resistance rate are the main reasons for the low survival rate. According to the latest data, OC ranks the 8th in incidence and mortality rate among women cancer in high-income areas, while it ranks the third among women in low- and middle-income areas, only after breast cancer and cervical cancer (2). China is a middle-income country with a population of 1.4 billion. It's reported that OC has replaced uterine cancer and became the second leading cause of death in gynecological cancer in China (3).

Many factors, such as population aging, economic development, lifestyle changes, and medical condition improvement, can affect the evaluation of OC burden. Therefore, understanding the current situation and future trends of OC burden is critical to develop appropriate prevention and control measures. Although there have been articles describing and assessing trends in the global burden of OC (4, 5), there are few comprehensive analyses of OC burden in China. Wang et al. has analyzed the disease burden trends of three major gynecological cancers including cervical cancer, endometrial cancer and OC in China, but only the mortality rates were analyzed (3). There is still a lack of rounded analysis including prevalence, incidence, mortality, DALYs, YLDs, YLLs and related risk factors of OC burden in China.

Using the data from GDB 2019, this study comprehensively described the temporal trend and age distribution of OC burden in China by discussing prevalence, incidence, mortality, DALYs, YLLs and YLDs from 1990 to 2019. We also used joinpoint regression method to figure out the trends in specific periods. Furthermore, we explored the effects of age, period and cohort factors on OC burden in China by using age-period-cohort analysis. Finally, we assessed the trends in attributable risk factors affecting OC mortality and DALYs, and projected trends in OC incidence and mortality over the next decade. This study has also compared the OC burden in China and the global level, which will provide more reference for the formulation and implementation of OC prevention and control policies in China.



2. Materials and methods


2.1. Data sources

Data in our study was obtained from GBD 2019 (http://ghdx.healthdata.org/gbd-results-tool). GBD 2019 contains comprehensive data of disease burden for 369 diseases and injuries with 87 risk factors in 204 territories and countries from 1990 to 2019. Data resources, disease classification, statistical models and measures to optimize data quality have been described previously in detail (6–8). Specifically, we downloaded the following data for subsequent analysis: (1) Age-specific data for OC on prevalence, incidence, deaths, DALYs, YLDs, and YLLs as absolute numbers, crude rates and ASRs including 95% confidence interval (95% CI), annually from 1990 to 2019 in China and the global level; (2) Age-specific population data from 1990 to 2019 and projected population data from 2020 to 2030 in China and the global level; (3) Associated risk factors attributable to OC from 1990 to 2019 in China and the global level.



2.2. Statistical analysis
 
2.2.1. Descriptive analysis

We performed a descriptive analysis of both the temporal and age trends of OC burden in China compared with the global level. We also analyzed the temporal trends of risk factors contribute to OC from 1990 to 2019 by accessing population attributable proportion (PAF). All data used in descriptive analysis were prepared by using Microsoft Excel 2019, and statistical analysis were performed by using R software (version 4.2.2). A statistically significant p was <0.05.



2.2.2. Joinpoint regression analysis

Joinpoint regression model was applied to evaluate temporal trend of OC burden in certain periods. This model has the advantage of avoiding the non-objectivity of typical trend analysis based on linear trends, as it estimates the changing pattern of age-adjusted rates by the least square method. In this model, the inflection points of the moving trend were figured out by summing up residual squares between the actual value and the estimated value using grid search method. The Monte Carlo permutation method was used to test whether the changes were significant. We determined the change trend of OC burden in certain periods by comparing annual percentage change (APC) which was calculated by two steps: (1) y = α + β x+ ε, in which y = ln (rate), x = year, β is the estimated value of the slope, and ε was the error term; (2) APC=100[exp(β) – 1]. Average annual percentage change (AAPC) was calculated to estimate overall OC burden trend from 1990 to 2019. APC > 0 means an increasing trend, while APC < 0 means a decreasing trend, and so does AAPC. This model was created by Joinpoint software (version 4.9.1.0).



2.2.3. Age-period-cohort analysis

We used age-period-cohort model to explain the effects of age, period, and cohort on OC incidence and mortality. In this model, Net Drift reflects the overall time trend in disease rates which is similar to AAPC, the difference lies on that Net Drift takes into account both the effects attributed to period and cohort. Local drifts were used to estimate the average annual percentage changes of OC incidence and mortality rates for certain age groups. Age effect mainly means the effect of disease rate changes with age, and it is characterized by Longitudinal Age Curves which stands for the age-related natural course of the disease rate. Period effect reflects the influence of social, economic and cultural environment changes in different periods on the disease rate. Cohort effect refers to changes in disease rates due to different levels of exposure to risk factors among different generations. Relative risk (RR) was applied to evaluate the period and cohort effects. An intrinsic estimator based on Poisson distributions was conducted to access disease parameters in this model to overcome the multicollinearity problem between age, period, and cohort. To avoid overlapping information in adjacent queues, the age, period, and time interval of the queues must be equal. Thus, the ages were defined as 5–9, 10–14,…90–94, 95–100, and the incidence and mortality rates every 5 years were calculated. Age-period-cohort analysis was performed by Age Period Cohort Tool (http://analysistools.nci.nih.gov/apc/) (9).

Bayesian age-period-cohort (BAPC) model has been proved to have the highest coverage (with 95% CI) and it is well-fit for analyzing predictions of age-stratified cancer rates (10, 11). Based on age-specific population data from 1990 to 2019, projected population data from 2020 to 2030, and GBD world population age standard which is specified in Appendix Table 13 of a GBD 2019 (6), we applied BAPC model to forecast OC incidence and mortality rates for the next 10 years. The BAPC models were built from R packages INLA (www.r-inla.org) and BAPC (http://r-forge.r-project.org/).





3. Results


3.1. Temporal trends of OC burden in China from 1990 to 2019

In China, there were about 196,000 incident cases, 45,000 new cases for OC and 29,000 deaths due to OC in 2019. Compared to 1990, the crude rates of prevalence, incidence, and mortality in 2019 were all significantly increased by approximately 3 times. In addition, DALYs, YLDs, and YLLs of OC were 835,000, 25,000, and 810,000 years, respectively, and the crude rates of them in 2019 were 2.53, 3.14, and 2.51 times higher than those in 1990 (Supplementary Table 1).

In 2019, the age-standardized prevalence rate (ASPR), age-standardized incidence rate (ASIR), age-standardized mortality rate (ASMR), age-standardized DALYs rate (ASDR), and the ASRs of YLDs and YLLs of OC were 10.15, 2.29, 1.43, 40.53, 1.25, and 39.28 (per 100,000 population) in China, which have increased by ~105.98%, 79.19%, 58.93%, 47.88%, 91.78%, and 46.81%, respectively from 1990 to 2019, while the global burden of OC has remained roughly the same from 1990 to 2019 (Table 1).


TABLE 1 Change of age-standardized rates (per 100,000 population) in prevalence, incidence, mortality, DALYs, YLDs and YLLs for ovarian cancer between 1990 and 2019 in China and Global level.
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We also compared the trend of OC burden as numbers and ASRs in China and the global level year by year. Generally, the numbers of prevalence, incidence, mortality, DALYs, YLLs, and YLDs of OC in both China and the global level kept on increasing. The difference lies on that, while the ASRs of all these burden indicators in the global level generally hold steady from 1990 to 2019, the ASRs in China have risen apparently. It's noting that OC burden in China has ever remained stable from 2014 to 2016, but after that, the ASRs of all the burden indicators in China continued to increase at a faster pace than ever before (Figure 1, Supplementary Figure 1). Therefore, though the current ASRs of these disease burden indicators in China were still lower than those in the global level, they are likely to exceed the global level in the future if no measures are taken.
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FIGURE 1
 The numbers and age-standardized rates (per 100,000 population) of ovarian cancer prevalence, incidence, mortality, and disability-adjusted life-years (DALYs) from 1990 to 2019 in China and the global level. The bar chart represents numbers and the broken line chart represents age-standardized rates.




3.2. Burden trends of OC in different age groups in China from 1990 to 2019

In 2019, the numbers of prevalence, incidence, mortality, DALYs, YLDs and YLLs of OC in most age groups especially those over 40 years of age increased significantly compared to 1990, except for those under the age of 20 of whom the indicators remained stable. The numbers of prevalence, incidence, DALYs, YLLs, and YLDs all peaked between 50 and 54 years of age [Prevalence number: 31,690 (95% CI: 40,480, 22,730); incidence number: 6,650 (95% CI: 4,780, 8,520); DALYs number: 142,120 (95% CI: 104,370, 184,600); YLDs number: 4,080 (95% CI: 2,580, 5,930); YLLs number: 138,040 (95% CI: 101,150, 180,110)], while the numbers of mortality peaked between 65 and 69 years of age [4,660 (95% CI: 3,060, 6,010)] (Figure 2, Supplementary Figure 2).


[image: Figure 2]
FIGURE 2
 The numbers and crude rates of ovarian cancer prevalence, incidence and mortality in 2019 compared with 1990 in China.


Besides, the crude rates of prevalence, incidence, and YLDs in women under 20 years of age, and the crude rates of mortality, DALYs, and YLLs in women under 40 years of age in 2019 were similar with those in 1990. Importantly, the OC burden in women over 40was increased to a large extent. The crude rates (per 100,000 population) of prevalence, incidence, and YLDs peaked between 55 and 59 years of age [27.41 (95% CI: 18.83, 35.45)], between 70 and 74 years of age [8.50 (95% CI: 5.48, 10.73)], and between 65 and 69 years of age [4.08 (95% CI: 2.33, 5.96)], respectively, while DALYs and YLLs both peaked between 65 and 69 years of age [DALYs rate: 158.08 (95% CI: 103.39, 203,19); YLLs rate: 154.00 (95% CI: 101.07, 198.70)]. In addition, the crude rates of mortality increased with age. The crude rates of mortality in OC patients over 95 years of age reached as high as 13.57 (95% CI: 9.67, 17.00) (Figure 2, Supplementary Figure 2). Thus, the OC burden in postmenopausal women and older women has increased a lot from 1990 to 2019 in China, while the OC burden in younger women remained relatively unchanged.

Next, we compared the trends in age distribution of OC burden in China and the global level. Consistent with former results, age distribution of OC burden in the global level remained relatively stable from 1990 to 2019. In China, age distribution of OC burden exhibited a dynamic pattern. Over the past three decades, proportion of OC prevalence, incidence, mortality and DALYs in women under 40 years of age have apparently decreased year by year, while proportion of women over 50 years old showed a trend of increase year by year. As for women aged 40 to 49, their share of OC burden in all ages fluctuated over time. Age distribution of OC YLDs, and YLLs number showed similar trends (Figure 3).


[image: Figure 3]
FIGURE 3
 The trends in age distribution of ovarian cancer burden in China and the global level from 1990 to 2019.




3.3. Joinpoint regression analysis

Joinpoint regression analysis shows that the ASRs of OC burden indicators in China were all on the rise (Figure 4), while the OC burden in the global level was relatively stable (Supplementary Figure 3). Over three decades, the AAPCs of ASPR, ASIR, ASMR, ASDR, ASRs of YLDs and YLLs of OC in China were 2.56 (95% CI: 2.37, 2.75), 2.08 (95% CI: 1.94, 2.22), 1.60 (95% CI: 1.42, 1.78), 1.38 (95% CI: 1.18, 1.59), 2.32 (95% CI: 2.16, 2.47), 1.38 (95% CI: 1.20, 1.55), respectively, while the AAPCs in the global level fluctuated around zero (Table 2). Although the growing trend of ASPR from 2011 to 2016, ASMR from 2001 to 2016, and ASR of YLLs from 2004 to 2008 in China have moderated, it is noting that the increase rates of all the OC burden indicators were significantly accelerated from 2016 to 2019 (Figure 4), with APCs of ASPR, ASIR, ASMR, ASDR, ASRs of YLDs and YLLs were 4.07 (95% CI: 2.71, 5.45), 3.13 (95% CI: 1.88, 4.38), 2.66 (95% CI: 1.65, 3.68), 2.96 (95% CI: 1.67, 4.28), 3.46 (95% CI: 2.41, 4.53), 2.68 (95% CI: 1.44, 3.93), respectively (Table 2).
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FIGURE 4
 Joinpoint regression analysis of age-standardized prevalence rate (ASPR), age-standardized incidence rate (ASIR), age-standardized mortality rate (ASMR), age-standardized disability-adjusted life-years rate (ASDR), age-standardized years lived with disability rate (YLDs rate) and age-standardized years of life lost rate (YLLs rate) in China from 1990 to 2019. An asterisk indicates that the annual percentage change is statistically significantly different from zero at the α = 0.05 level.



TABLE 2 Joinpoint regression analysis: trends in age-standardized rates of incidence, prevalence, mortality, DALYs, YLDs, and YLLs (per 100,000 population) in China and Global level from 1990 to 2019.
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3.4. Age-period-cohort analysis for OC incidence and mortality rates in China

The Net Drift (%) of OC incidence and mortality rates (per 100,000 population) in China are respectively 1.61 (95% CI: 1.43, 1.79) and 0.67 (95% CI: 0.50, 0.84), indicating that OC incidence and mortality rates in China were on the rise. The results shows that OC incidence rate of those younger than 12.5 years old and the mortality rate of those younger than 42.5 years old showed overall decreasing trends, while the incidence rate of those over 12.5 years old and the mortality rate of those over 42.5 years old showed overall decreasing trends (Supplementary Table 2). When the period and cohort effects were controlled, the incidence and mortality rates of OC in China increased with age (Figures 5A, D). For the period effect, the period RR of both incidence rate and mortality rate of OC kept increasing from 1990 to 2019 (Figures 5B, E). As for cohort effect, we found that the RR of OC incidence rate kept increasing in the cohort born before 1990, and then was gradually reduced by year of birth in the cohort born after 1990. Similarly, the RR of OC mortality rate first exhibited an increasing trend by year of birth, and then decreased, with the highest RR appeared at population born in 1960 (Figures 5C, F).


[image: Figure 5]
FIGURE 5
 Age-period-cohort analysis for incidence and mortality rates of ovarian cancer in China. (A) Age effect for incidence rate. (B) Period effect for incidence rate. (C) Cohort effect for incidence rate. (D) Age effect for mortality rate. (E) Period effect for mortality rate. (F) Cohort effect for mortality rate.




3.5. Trends of associated risk factors of OC from 1990 to 2019

GBD 2019 identified high fasting plasma glucose, occupational exposure to asbestos, and high body-mass index as three main risk factors for OC mortality and DALYs. In China, the largest contribution came from high fasting plasma glucose, with the PAF increasing rapidly from 2000 to 2005, and then fluctuating around 6.25%. The PAF of high fasting plasma glucose in the global level from 1990 to 2019 has risen year by year and was always higher than that of China. In addition, the PAF of high body-mass index has steadily increased year by year and has surpassed occupational exposure to asbestos to become the second largest contribution factor in China. Its growth rate is higher than that of the global level and is likely to catch up in the future. As for occupational exposure to asbestos, its contribution in China fluctuated from 1990 to 2019, while the global contribution has gradually decreased (Figure 6). Specific data is list in Supplementary Tables 3, 4.
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FIGURE 6
 Population attributable proportion (PAF, %) of associated risk factors for ovarian cancer mortality and disability-adjusted life-years (DALYs) from 1990 to 2019.




3.6. The prediction of OC incidence and mortality rates from 2020 to 2030

BAPC analysis results show that OC incidence and mortality rates will increase year by year in both China and the global level in the next decade. In 2030, the ASRs of OC incidence and mortality in China are expected to reach 2.96 (per 100,000 population) and 1.69 (per 100,000 population), respectively, with an increase of 29.26% and 18.18% compared with 2019. The number of incidence and mortality of OC in China will reach 72,700 and 46,100, respectively, increasing by 59.90% and 58.66% compared to 2019. At the same time, the ASRs of OC incidence and mortality in the global level are expected to reach 3.94 and 2.54 (per 100,000 population), respectively, with an increase of 10.06% and 4.53% compared to 2019. As for the global level, the numbers of OC incidence and mortality are expected to reach 410,000 and 274,200, with an increase of 39.28% and 38.24% by 2019, respectively (Figure 7). Annual data for OC incidence and mortality rates from 2019 to 2030 are shown in Supplementary Table 5. Above all, the burden of OC in China will become more and more serious in the next decade if there is no intervention, and the growth rate of which is significantly higher than the global level.
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FIGURE 7
 The prediction of ovarian cancer incidence and mortality rates for the next 10 years in China and the global level.





4. Discussion

Based on GBD 2019 data, we analyzed and compared the trend of OC burden in China and the global level from 1990 to 2030. In this study, we applied the joinpoint regression method to analyze OC burden trend in China for the first time, and firstly analyzed the changing trend of attributable risk factors for OC. The findings in our work will provide more reference for developing prevention and management measures for OC in China.

From 1990 to 2019, the numbers and crude rates of OC prevalence, incidence, mortality, DALYs, YLDs, YLLs have increased significantly in China. Although the overall global burden was also on the rise during the same period, the growth rate of OC burden in China was much higher than that in the global level, and the ASRs of OC burden indicators in the global level leveled off from 1990 to 2019. This is consistent with the results of a previous study (4), which reported that China has surpassed the United States to rank the first in terms of OC prevalence, mortality and DALYs numbers in the world. Over the past 30 years, the change trend of OC burden varies significantly across different sociodemographic index (SDI) regions. It's reported that OC prevalence, mortality and DALYs rates in high SDI regions like Western Europe, North America and Australia had a negative change, while those in low-middle SDI regions such as Asia, Latin America and Africa exhibited an increased change (4). The possible reason is that policy makers in high SDI regions pay more attention to the construction of advanced health care and environment, while in low-middle SDI regions, more attention is being paid to infrastructure improvement. The fact that the ASRs of these OC burden indicators were all less than the crude rates indicates that the significant increase of OC burden in China is partly owing to population growth and aging. In addition, the apparent increase in prevalence rate may be the result of the incidence rate being much greater than the mortality rate. In terms of mortality, our results are inconsistent with another previous study (3). This is possibly due to the result of GBD 2019 data algorithm optimization and update, which proved the necessity of our study.

On the whole, the burden of OC in women younger than 20 years old showed a downward trend, while those in women older than 40 years old increased significantly in China from 1990 to 2019. Hormone levels plummet in women after menopause, which is associated with an increased burden of OC (12). In general, OC patients before the age of 40 are mostly found in stage I and have a good prognosis, while those after the age of 40 are usually found at above stage II, and the prognosis is poor (13). In addition, the older individuals have deteriorated physical functions and are susceptible to a variety of underlying diseases (14). These may be the vital reasons for the high burden of OC in postmenopausal women and older women. From the perspective of age distribution, the proportion of OC burden in women under 40 years old showed a downward trend, while the proportion of women over 50 years old showed a significant upward trend from 1990 to 2019. And the proportion of women aged 40 to 49 showed a fluctuating trend. These results suggest that the younger trend of OC burden in China is not obvious. On the contrary, with the aging of the population, reducing OC burden in postmenopausal women and older women should become the focus of OC management and strategies in China.

It is worth noting that the OC burden in China had a slowing trend from 2014 to 2016, but after 2016, the growth trend increased significantly and even exceeded the previous maximum growth rate. Joinpoint regression analysis showed that the ASRs of various indicators of OC burden in China were also on the rise, and their AAPCs were about 1.38–2.56. In contrast, all indicators in the global level remained stable, and the AAPCs are close to zero. In China, there was a slowdown in the prevalence rate from 2011 to 2016 and the mortality rate from 2001 to 2016, but from 2016 to 2019 the growth rate of various indicators returned to the previous level or even became faster than ever before. This may be the result of increase in patient visit rate and OC detection rate due to the popularization of health education, medical insurance and advanced medical equipment. As for the global level, the relatively stable pattern of OC burden may be the result of the opposite trend between high SDI regions and low-middle SDI regions. BAPC projection of OC burden from 2019 to 2030 shows that OC incidence and mortality rates will keep on increasing in both China and the global level. But the burden in China will grow much faster than the global level. Therefore, the current situation of OC burden in China is severe, and it is urgent to find out the causes and take effective intervention measures.

We further analyzed the effects of age, period and cohort factors on OC incidence and mortality rates in China using the age-period-cohort method. From 1990 to 2019, the Net Drifts of OC incidence and mortality rates are both above zero, which verifies the grim situation of rapid growth of OC burden in China again. As expected, the age effect on OC incidence and mortality rates continuously increased with age. Similarly, the period effect on OC incidence rate showed an increasing trend during the whole period, indicating that the period effect was an important factor in the increasing trend of OC burden. Over the past 30 years, the economy, medical facility and life quality in China have improved a lot. At the same time, the pace of life has become faster, the mental pressure has gradually increased, and the lifestyle has changed fundamentally. In terms of eating habits, people used to eat enough vegetables rich in dietary fiber and vitamins. In recent years, obesity, diabetes, and sedentary behavior have become more prevalent. It's reported that dietary fiber (15) and vitamin intake (16) were inversely associated with OC risk, while obesity (17), diabetes (18), and sedentary behavior (19) are high risk factors for OC. In addition, studies have shown that duration of pregnancy (20) and breastfeeding (21) are negatively correlated with the risk of OC, so the fertility policy in China started in the 1980s may be one of the reasons for the increased risk of OC, but this remains to be verified. The cohort effect on OC incidence rate showed an increase trend in the cohort born before1990 and then exhibited a decrease trend in the cohort born after 1990. Similarly, the cohort effect on OC mortality rate showed an increase trend in the cohort born before 1960 and then exhibited a decrease trend in the cohort born after 1960. Poor environment, low socioeconomic levels and malnutrition in early childhood can profoundly and adversely affect health status, which may lead to higher OC risks in adulthood. The downward trend in the cohort effect may be a result of economic development, environmental improvement, universal access to health education, and improved medical conditions.

According to GBD 2019, high fasting plasma glucose is the major factor contributing the most to OC burden in China and the global level. The PAF of high fasting plasma glucose remains stable in recent years. High level of glucose provides sufficient energy for rapidly proliferation in cancer cells and promotes cancer development by activating insulin-like growth factor-1 receptor signaling pathways, altering programmed death receptor pathways, and modulating immune detection (22–25). It has been shown that diabetes is positively associated with OC mortality, and that hypoglycemic drugs such as metformin reduce the risk of OC in women (18, 26). A high body-mass index indicates obesity which could alter hormone levels and ovulation function and has been proved a major risk factor for OC (17). In China, the PAF of high body-mass index increased year by year with a faster growth rate than the global level from 1990 to 2019, and has surpassed occupational exposure to asbestos as the second most common attributing factor of OC. Therefore, it is especially necessary to promote healthy diet and strengthen physical exercise to prevent the occurrence of diabetes and obesity. Asbestos has been proved to cause OC by the International Agency for Research on Cancer. It's reported that up to twice the amount of asbestos fibers in the ovarian tissue of women with exposed family members compared to women without exposure (27). The asbestos fibers (without being able to be excreted) in the ovarian tissues lead to persistent local inflammation at the origin of tissue lesions and genetic and epigenetic alterations, which may promote ovarian tumorigenesis (28, 29). Asbestos has been classified as a Group 1 carcinogen by the World Health Organization since 1987 and has been banned to use in more than 60 countries (30). Thus, the PAF of occupational exposure to asbestos in the global level has decreased gradually, and is expected to be lower than high body-mass index. However, China has yet to completely prohibit the use of asbestos. As a result, occupational exposure to asbestos has become another major risk factor for OC and its PAF has remained relatively stable over the past 30 years. Finding alternative materials and using protective equipment to avoid direct exposure to asbestos may be beneficial to reduce the OC burden in China.

In recent years, China has made many efforts to control OC burden. Since 70% of OC patients are found in advanced stages due to its insidious onset, early detection and prevention are vital measures. Tumor suppressor genes BRCA1/2 play a role in maintaining genome stability by repairing double-strand DNA breaks. The pathogenic mutation in BRCA1/2 damages the function of BRCA1/2, leading to an increased risk of OC (31). Currently, women with a family history of OC in China are encouraged to be screened for the BRCA1/2 mutation to detect OC and start target treatment earlier. Some experts recommend the combination of serum CA125 (an epithelial carcinoma marker) and transvaginal ultrasound as an early screening method for OC in general women, but its effectiveness needs to be further demonstrated. To further promote quality control of clinical treatment, China has issued the latest quality control index for standardized diagnosis and treatment of primary ovarian cancer in 2022(32). We believe that the burden of OC in China will develop in a better direction in the future.

There are still some limitations in our study. Although GBD 2019 employs various adjusted methods to reduce data bias and the reliability has been confirmed by previous studies, these data are not direct measurements after all, which may lead to the inevitable bias (33, 34). Secondly, there are at least 50 risk factors of OC that have been reported so far (35), but the types of risk factors in GBD 2019 are limited and the analysis is not comprehensive enough. Thirdly, obvious differences in geographical environment, economic level and lifestyle are existing among provinces and regions in China. However, the corresponding data available for assessment is of lack so that this study did not specifically analyze the spatial distribution of OC burden in China. In the future, more efforts should be made to create and supplement OC burden data for provinces in China for deeper analysis. In addition, the COVID-19 outbreak has made a huge impact on society (36, 37), and trends in OC burden may change to some extent, but our projections do not take this into account.

In conclusion, the burden of OC in China has shown an obvious upward trend in the past 30 years, and the increase rate accelerated significantly in recent 5 years. In the next decade, OC burden in China will continue to rise with a higher rate than the global level. We found that the OC burden in people under 20 years of age is slowing down, while the OC burden in people over 40 years of age is getting more severe, especially in postmenopausal women and older women. Thus, these people would be the focus of efforts to OC management and prevention measures. Popularizing screening methods for OC, optimizing the quality of clinical diagnosis and treatment, promoting healthy lifestyle and reducing exposure to carcinogens will help reduce the future burden of OC in China.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

Study concept and design: LH and YW. Data collection and quality control: HW and JP. Data analysis, construction of figures and tables, manuscript draft, and results interpretation: YW. Critical revision of the manuscript for important intellectual content: LH, ZW, and ZZ. All authors contributed to the article and approved the submitted version.



Acknowledgments

The authors appreciate the work performed by the Global Burden of Disease Study (GBD 2019) collaborators. At the same time, the authors thank the developers and providers of Age Period Cohort Tool, Joinpoint and R software. Thanks to Xiao Ming (Xiaoming_room@hotmail.com) for his work in the GBD database. His excellent sharing of GBD database analysis procedure and other public database, makes it easier for us to explore the GBD database.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1136596/full#supplementary-material



References

 1. Stewart C, Ralyea C, Lockwood S. Ovarian cancer: an integrated review. Semin Oncol Nurs. (2019) 35:151–6. doi: 10.1016/j.soncn.2019.02.001

 2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global Cancer Statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49. doi: 10.3322/caac.21660

 3. Wang Z, Guo E, Yang B, Xiao R, Lu F, You L, et al. Trends and age-period-cohort effects on mortality of the three major gynecologic cancers in China from 1990 to 2019: cervical, ovarian and uterine cancer. Gynecol Oncol. (2021) 163:358–63. doi: 10.1016/j.ygyno.2021.08.029

 4. Zhang S, Cheng C, Lin Z, Xiao L, Su X, Zheng L, et al. The global burden and associated factors of ovarian cancer in 1990–2019: findings from the Global Burden of Disease Study 2019. BMC Public Health. (2022) 22:1455. doi: 10.1186/s12889-022-13861-y

 5. Zhou Z, Wang X, Ren X, Zhou L, Wang N, Kang H. Disease burden and attributable risk factors of ovarian cancer From 1990 to 2017: findings from the global burden of disease study 2017. Front Public Health. (2021) 9:619581. doi: 10.3389/fpubh.2021.619581

 6. Global Age-Sex GD. Global age-sex-specific fertility, mortality, healthy life expectancy (HALE), and population estimates in 204 countries and territories, 1950–2019: a comprehensive demographic analysis for the Global Burden of Disease Study 2019. Lancet. (2020) 396:1160–203. doi: 10.1016/s0140-6736(20)30977-6

 7. Kocarnik JM, Compton K, Dean FE, Fu W, Gaw BL, Harvey JD, et al. Cancer incidence, mortality, years of life lost, years lived with disability, and disability-adjusted life years for 29 cancer groups from 2010 to 2019: a systematic analysis for the global burden of disease study 2019. JAMA Oncol. (2022) 8:420–44. doi: 10.1001/jamaoncol.2021.6987

 8. Zeng DY Li JM, Lin S, Dong X, You J, Xing QQ, et al. Global burden of acute viral hepatitis and its association with socioeconomic development status, 1990–2019. J Hepatol. (2021) 75:547–56. doi: 10.1016/j.jhep.2021.04.035

 9. Rosenberg PS, Check DP, Anderson WF. A web tool for age-period-cohort analysis of cancer incidence and mortality rates. Cancer Epidemiol Biomarkers Prev. (2014) 23:2296–302. doi: 10.1158/1055-9965.Epi-14-0300

 10. Knoll M, Furkel J, Debus J, Abdollahi A, Karch A, Stock C. An R package for an integrated evaluation of statistical approaches to cancer incidence projection. BMC Med Res Methodol. (2020) 20:257. doi: 10.1186/s12874-020-01133-5

 11. Lin Y, Zheng Y, Wang HL, Wu J. Global patterns and trends in gastric cancer incidence rates (1988–2012) and predictions to 2030. Gastroenterology. (2021) 161:116–127.e8. doi: 10.1053/j.gastro.2021.03.023

 12. Salehi F, Dunfield L, Phillips KP, Krewski D, Vanderhyden BC. Risk factors for ovarian cancer: an overview with emphasis on hormonal factors. J Toxicol Environ Health B Crit Rev. (2008) 11:301–21. doi: 10.1080/10937400701876095

 13. Matz M, Coleman MP, Sant M, Chirlaque MD, Visser O, Gore M, et al. The histology of ovarian cancer: worldwide distribution and implications for international survival comparisons (CONCORD-2). Gynecol Oncol. (2017) 144:405–13. doi: 10.1016/j.ygyno.2016.10.019

 14. Campisi J, Kapahi P, Lithgow GJ, Melov S, Newman JC, Verdin E. From discoveries in ageing research to therapeutics for healthy ageing. Nature. (2019) 571:183–92. doi: 10.1038/s41586-019-1365-2

 15. Pelucchi C, La Vecchia C, Chatenoud L, Negri E, Conti E, Montella M, et al. Dietary fibres and ovarian cancer risk. Eur J Cancer. (2001) 37:2235–9. doi: 10.1016/s0959-8049(01)00291-x

 16. Fairfield KM, Hankinson SE, Rosner BA, Hunter DJ, Colditz GA, Willett WC. Risk of ovarian carcinoma and consumption of vitamins A, C, and E and specific carotenoids: a prospective analysis. Cancer. (2001) 92:2318–26. doi: 10.1002/1097-0142(20011101)92:9<2318::aid-cncr1578>3.0.co;2-7

 17. Delort L, Kwiatkowski F, Chalabi N, Satih S, Bignon YJ, Bernard-Gallon DJ. Central adiposity as a major risk factor of ovarian cancer. Anticancer Res. (2009) 29:5229–34.

 18. Zhang D, Li N, Xi Y, Zhao Y, Wang T. Diabetes mellitus and risk of ovarian cancer. A systematic review and meta-analysis of 15 cohort studies. Diabetes Res Clin Pract. (2017) 130:43–52. doi: 10.1016/j.diabres.2017.04.005

 19. Biller VS, Leitzmann MF, Sedlmeier AM, Berger FF, Ortmann O, Jochem C. Sedentary behaviour in relation to ovarian cancer risk: a systematic review and meta-analysis. Eur J Epidemiol. (2021) 36:769–80. doi: 10.1007/s10654-020-00712-6

 20. Husby A, Wohlfahrt J, Melbye M. Pregnancy duration and ovarian cancer risk: a 50-year nationwide cohort study. Int J Cancer. (2022) 151:1717–25. doi: 10.1002/ijc.34192

 21. Babic A, Sasamoto N, Rosner BA, Tworoger SS, Jordan SJ, Risch HA, et al. Association between breastfeeding and ovarian cancer risk. JAMA Oncol. (2020) 6:e200421. doi: 10.1001/jamaoncol.2020.0421

 22. Vrachnis N, Iavazzo C, Iliodromiti Z, Sifakis S, Alexandrou A, Siristatidis C, et al. Diabetes mellitus and gynecologic cancer: molecular mechanisms, epidemiological, clinical and prognostic perspectives. Arch Gynecol Obstet. (2016) 293:239–46. doi: 10.1007/s00404-015-3858-z

 23. Becker S, Dossus L, Kaaks R. Obesity related hyperinsulinaemia and hyperglycaemia and cancer development. Arch Physiol Biochem. (2009) 115:86–96. doi: 10.1080/13813450902878054

 24. Hwang KA, Park MA, Kang NH Yi BR, Hyun SH, Jeung EB, et al. Anticancer effect of genistein on BG-1 ovarian cancer growth induced by 17 β-estradiol or bisphenol A via the suppression of the crosstalk between estrogen receptor α and insulin-like growth factor-1 receptor signaling pathways. Toxicol Appl Pharmacol. (2013) 272:637–46. doi: 10.1016/j.taap.2013.07.027

 25. Gapstur SM, Gann PH, Lowe W, Liu K, Colangelo L, Dyer A. Abnormal glucose metabolism and pancreatic cancer mortality. JAMA. (2000) 283:2552–8. doi: 10.1001/jama.283.19.2552

 26. Tseng CH. Metformin reduces ovarian cancer risk in Taiwanese women with type 2 diabetes mellitus. Diabetes Metab Res Rev. (2015) 31:619–26. doi: 10.1002/dmrr.2649

 27. Heller DS, Gordon RE, Westhoff C, Gerber S. Asbestos exposure and ovarian fiber burden. Am J Ind Med. (1996) 29:435–9. doi: 10.1002/(sici)1097-0274(199605)29:5<435::Aid-ajim1>3.0.Co;2-l

 28. Ness RB, Cottreau C. Possible role of ovarian epithelial inflammation in ovarian cancer. J Natl Cancer Inst. (1999) 91:1459–67. doi: 10.1093/jnci/91.17.1459

 29. IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. IARC Monogr Eval Carcinog Risks Hum. (2012) 100(Pt C):11–465.

 30. LaDou J. The asbestos cancer epidemic. Environ Health Perspect. (2004) 112:285–90. doi: 10.1289/ehp.6704

 31. Levy-Lahad E, Friedman E. Cancer risks among BRCA1 and BRCA2 mutation carriers. Br J Cancer. (2007) 96:11–5. doi: 10.1038/sj.bjc.6603535

 32. Ma D. Quality control index for standardized diagnosis and treatment of primary ovarian cancer in China (2022 edition). Zhonghua Zhong Liu Za Zhi. (2022) 44:609–14. doi: 10.3760/cma.j.cn112152-20220418-00268

 33. Abbafati C, Machado DB, Cislaghi B, Salman OM, Karanikolos M, McKee M, et al. Global burden of 369 diseases and injuries in 204 countries and territories, 1990–2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet. (2020) 396:1204–22. doi: 10.1016/s0140-6736(20)30925-9

 34. Murray CJ, Aravkin AY, Zheng P, Abbafati C, Abbas KM, Abbasi-Kangevari M, et al. Global burden of 87 risk factors in 204 countries and territories, 1990–2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet. (2020) 396:1223–49. doi: 10.1016/s0140-6736(20)30752-2

 35. Tanha K, Mottaghi A, Nojomi M, Moradi M, Rajabzadeh R, Lotfi S, et al. Investigation on factors associated with ovarian cancer: an umbrella review of systematic review and meta-analyses. J Ovarian Res. (2021) 14:153. doi: 10.1186/s13048-021-00911-z

 36. Moniuszko-Malinowska A, Czupryna P, Dubatówka M, Łapińska M, Kazberuk M, Szum-Jakubowska A, et al. COVID-19 pandemic influence on self-reported health status and well-being in a society. Sci Rep. (2022) 12:8767. doi: 10.1038/s41598-022-12586-7

 37. Bavel JJV, Baicker K, Boggio PS, Capraro V, Cichocka A, Cikara M, et al. Using social and behavioural science to support COVID-19 pandemic response. Nat Hum Behav. (2020) 4:460–71. doi: 10.1038/s41562-020-0884-z



OPS/images/fpubh-11-1136596-g005.gif





OPS/images/fpubh-11-1136596-g006.gif





OPS/images/fpubh-11-1136596-g003.gif
e






OPS/images/fpubh-11-1136596-g004.gif





OPS/images/fpubh-11-1136596-t001.jpg
Measure

Prevalence

ASRs (95% Cl) in 1990

4.93 (3.84, 6.67)

China
ASRs (95% Cl) in 2019

10.15(7.52,12.99)

Change of ASRs
(95% ClI)

1.06 (0.27, 1.90)

ASRs (95% Cl) in 1990

12.72(11.72, 14.38)

Global

ASRs (95% Cl) in 2019

14.56 (12.85, 16.37)

Change of ASRs
(95% CI)

0.14(—0.03, 0.30)

Incidence

1.28 (1.00, 1.79)

2.29(1.68, 2.88)

0.79 (0.08, 1.53)

3.42(3.17,3.84)

3.58 (3.17, 4.00)

0.04(=0.11,0.18)

Mortality

091 (0.70, 1.34)

1.43 (1.04, 1.81)

0.58 (<010, 1.28)

2.50 (2.32,2.80)

243 (2.15, 2.66)

—0.03 (—0.16, 0.08)

DALYs

27.40 (21.18, 38.49)

40.53 (29.96, 51.58)

0.48 (—0.10, 1.13)

64.73 (59.29, 74.27)

64.34 (56.42, 71.52)

—0.01(-0.16,0.12)

YLDs

0.65 (042, 0.99)

125 (080, 1.76)

092 (0.15, 1.71)

1.72(1.23,222)

1.86 (1.34, 2.40)

0.08 (—0.08, 0.23)

YLLs

2675 (20,59, 37.66)

39.28 (28.98, 50.34)

047 (=0.11,1.13)

63.01(57.52,72.45)

62.49 (54.96, 69.27)

—0.01 (—0.16,0.11)

DALYs, disability-adjusted life-years; YLDs, years lived with disal

YLLs, years of life lost; Change, indicators in 2019 minus those in 1990 by 1990; ASRs: age-standardized rates; 95% CI: 95% confidence interval.






OPS/images/fpubh-11-1136596-g007.gif





OPS/images/fpubh-11-1136596-i001.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Burden of ovarian cancer in China from 1990 to 2030: A systematic analysis and comparison with the global level



		1. Introduction



		2. Materials and methods



		2.1. Data sources



		2.2. Statistical analysis



		2.2.1. Descriptive analysis



		2.2.2. Joinpoint regression analysis



		2.2.3. Age-period-cohort analysis













		3. Results



		3.1. Temporal trends of OC burden in China from 1990 to 2019



		3.2. Burden trends of OC in different age groups in China from 1990 to 2019



		3.3. Joinpoint regression analysis



		3.4. Age-period-cohort analysis for OC incidence and mortality rates in China



		3.5. Trends of associated risk factors of OC from 1990 to 2019



		3.6. The prediction of OC incidence and mortality rates from 2020 to 2030







		4. Discussion



		Data availability statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Burden of ovarian cancer in China

from 1990 to 2030: A systematic

analysis and comparison with the
global level





OPS/images/fpubh-11-1136596-g001.gif





OPS/images/fpubh-11-1136596-g002.gif
“TECT " EL
= 2
B i
& g

Qoo e O o0





OPS/images/fpubh-11-1136596-t002.jpg
Measure China Global
APC (95% Cl) AAPC (95% ClI) APC (95% CI) AAPC (95% CI)
ASPR 1990-2000 321 (3.02, 3.40)* 2.56 (2.37,2.75)* 1990-2000 0.70 (0.59, 0.82)* 0.46 (0.38, 0.55)
2000-2011 2.14(1.99, 2.28) 2000-2015 0.16 (0.10,0.22)*
2011-2016 1.31 (0.6, 1.97)* 2015-2019 1.01 (0.48, 1.54)*
2016-2019 4.07 (271, 5.45)*
ASIR 1990-2003 246 (2.33,2.59) 2.08 (1.94,2.22)* 1990-2001 031(0.20,0.41)* 0.13 (0.06, 0.20)*
2003-2016 145 (1.35, 1.56)* 2001-2013 —0.19 (<027, =0.11)*
2016-2019 3.13 (1.8, 4.38)" 2013-2019 0.42 (0.16,0.68)"
ASMR 19901999 1,51 (1.29, 1.73)* 1.60 (1.42, 1.78)* 1990-2002 0.03 (~0.05,0.10) —0.13 (=0.19, —0.07)*
1999-2003 3.11(2.25,3.98) 2002-2012 —0.46 (—0.56, —0.36)*
2003-2008 0.63 (021, 1.07)* 2012-2019 0.08 (—0.10,0.26)
2008-2016 1.18 (0.99, 1.36)*
2016-2019 2.66 (1.65, 3.68)"
ASDR 1990-1998 158 (1.27, 1.90)* 1.38 (1.18, 1.59)* 1990-2002 —0.02 (—0.08,0.05) —0.02 (=0.11,0.07)
1998-2002 234 (1.29,3.39) 2002-2011 —0.36 (—0.46, —0.26)"
2002-2016 0.66 (0.57, 0.76)* 2011-2016 0.14 (~0.18, 0.45)
2016-2019 2.96 (1.67, 4.28)" 2016-2019 0.73 (0.08, 1.38)"
ASRs of YLDs 1990-2003 273 (261, 2.84)" 232 (2.16,247) 1990-2001 048 (039, 0.57)* 025 (0.19, 0.32)*
20032010 201 (1.70, 2.32)" 2001-2015 —0.07 (=0.13, =0.00)"
2010-2016 123 (0.80, 1.65)* 2015-2019 0.78 (0.36, 1.18)*
2016-2019 3.46 (2.41,4.53)*
ASRs of YLLs 1990-2004 178 (1.67, 1.89)* 138 (1.20, 1.55)* 1990-2002 —0.03 (—0.10, 0.04) —0.03 (—0.12, 0.06)
2004-2008 0.14 (~0.65,0.93) 2002-2011 —0.37 (=047, —027)*
2008-2016 081 (0.58, 1.04)* 2011-2016 0.14 (<0.18, 0.45)
2016-2019 2.68 (1.44,3.93) 2016-2019 0.72(0.09, 1.36)*

APC, annual percent changes AAPC, average annual percent change presented for full period; CI, confidence interval; ASPR, age-standardized prevalence rate; ASIR, age-standardized incidence rate; ASMR, age-standardized mortality rate; ASDR, age-standardized
adjusted life-years rate; YLDs, years lived with disability; YLLs, years of life lost; ASRs, age-standardized rates; 95% CI, 95% confidence interval; *p < 0.05.

disabi










OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





