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Objective: China has an increasing burden of non-rheumatic valvular heart disease (NRVHD) as the aging of the population is deepening. The aim was to assess the age and sex-specific prevalence and DALYs of NRVHD in China from 1990 to 2019 and to predict the burden in the next 25 years.

Methods: The Global Burden of Disease Study (2019) was used to extract the data of age- and sex-specific incidence, mortality, and disability-adjusted life years (DALYs) of NRVHD in China, 1990-2019. We estimated the annual percentage change (EAPC) to access the temporal trends of the disease burden of NRVHD. The R package called Nordpred was used to perform an age-period-cohort analysis to predict the prevalence of NRVHD in the next 25 years.

Results: The number of incident cases of NRVHD increased from 93.16 thousand in 1990 to 325.05 thousand in 2019. Overall upward trends were observed in the age-standardized incidence rate (ASIR) from 1990 to 2019. Significant temporal trends in mortality and DALYs of NRVHD were observed. High systolic blood pressure, high sodium diet, and lead exposure were the main driving forces for NRVHD. In the next 25 years, the number of new cases and deaths of NRVHD should continue to increase to 390.64 thousand and 10.0 thousand, respectively. The ASIR should show an upward trend, while the ASMR should show a downward trend among men and women.

Conclusion: In China, the overall rates of NRVHD have increased over the past 30 years, and there has been a substantial increase in the burden of NRVHD due to population growth and aging and will continue to increase in the next 25 years. Our results can help shape a multifactorial approach and public policy to reduce the NRVHD burden throughout China.
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1. Introduction

Valvular heart disease (VHD) is one of the most common heart diseases in China (1). VHD was typically caused by rheumatic heart disease (RHD) previously (2). However, with the rapid development of the economy and the deepening of the aging level in the past 40 years, the incidence of RHD has been significantly reduced while the incidence of non-rheumatic valvular heart disease (NRVHD) is on the rise, especially among the elderly, in China. An inpatient population-based study from a single cardiovascular center in southern China showed that the prevalence of congenital VHD, ischemic VHD, and diabetes heart disease (DHD) is 13.9%, 12.7%, 11.5% respectively, and are markedly increasing especially the prevalence of the DHD (3). Most of the research on heart valve disease prevalence is not to screen all participants with echocardiography, but to make a suspicion based on clinical symptoms followed by echocardiographic confirmation, the prevalence of valvular heart disease obtained by systematic screening with echocardiography is 10 times higher than that of by clinical screening (4), so the results of the current prevalence of NRVHD might be underestimated, and with the projected shift to an older and larger population, the burden of NRVHD will probably increase substantially in the future (1), which highlight the urgency of preventing and treating NRVHD.

Non-rheumatic valvular heart disease is a multifactorial disease caused by both environmental and genetic factors. Some of these factors are not modifiable, such as gender, age, and family history, while others are potentially modifiable, such as hypertension, high salt diet, and lead exposure. These potentially modifiable factors make it possible to control and prevent the incidence of NRVHD. Hypertension and high salt diet are the strongest risk factors for morbidity and mortality from NRVHD. Lifetime exposure to higher systolic blood pressure substantially and casually increased the risk of major valvular heart disease, each genetically-determined 20 mmHg increment in systolic BP almost tripled the odds ratio (OR) of composite valvular heart disease (OR 2.85) (5). High salt intake is closely related to the risks of Cardiovascular disease (6).

The latest Global Burden of Diseases (GBD) study (2019) provides new epidemiological data on the incidence, mortality, and disability-adjusted life-years (DALYs) of NRVHD from 1990 to 2019, enabling us to provide updated estimates of the prevalence and risk factors for NRVHD in China. However, to our knowledge, no recent report has estimated the age-specific and sex-specific prevalence of NRVHD nor has data collected for the GBD study been used to assess NRVHD disability and mortality trends in detail in China (7, 8). Therefore, we described the first comprehensive and systematic assessment of the trends in incidence, deaths, and DALYs from NRVHD by age and sex; investigate major risk factors for NRVHD, and also predicted the numbers and rates of NRVHD incidence and mortality in the next 25 years in China. Our specific research results provided accurate and up-to-date epidemiological information, which is imperative for updating the burden of disease estimates and guiding public health policy decisions making.



2. Materials and methods


2.1. Data sources

The data on incidence, mortality, and DALYs of NRVHD were downloaded from the website of the Institute for Health Metrics and Evaluation (IHME)1, the rules of this selecting data were as follows: location name was “China,” the cause was “non-rheumatic valvular heart disease,” and measures were “incidence,” “mortality,” and “DALYs.” These indicators were calculated with 95% uncertainty intervals (95%UIs).

The World Health Organization (WHO) World Standard Population Distribution (2000-2025) was used as the Standard Population. The date from United Nations World Population Prospects 2019 Revision2 was used as the prediction population.

This study has been approved by the Ethics Committee of Wuhan University and Renmin Hospital of Wuhan University. GBD 2019 is a publicly available database without participants’ privacy information.



2.2. Evaluation of NRVHD burden

Incidence, mortality, and DALYs with 95% uncertainty intervals (UIs) were estimated using standard methods of the GBD 2019. Estimates of the incidence and prevalence of NRVHD were calculated with the DisMod-MR2.1 (disease-model-Bayesian meta-regression) modeling tool. DisMOd-MR is a Bayesian geospatial disease modeling software that uses various disease parameters, the epidemiological relationships between these parameters, and geospatial relationships to estimate incidence and prevalence. All available high-quality data on incidence, prevalence, and mortality were used to estimate the non-fatal NRVHD burden. All-cause and cause-specific mortality for NRVHD were estimated using the cause of death ensemble modeling. DALYs was the sum of Years lived with disabilities (YLDs) and Years of life lost (YLLs). YLDs were calculated by multiplying the prevalence with the corresponding disability weights. YLLs were calculated by multiplying observed deaths for a specific age by global age-specific reference life expectancy. 95% UIs capturing both random and systematic error in statistical modeling were calculated for all estimates. For the risk factors, the comparative risk assessment (CRA) framework was used to estimate the proportion of DALYs attributable to three well-established risk factors for NRVHD by age and sex: high fasting glucose, high systolic blood pressure, and smoking. The detailed study methods of GBD 2019 have been reported in previous studies (9, 10).



2.3. Statistical analysis

The incidence, mortality, and DALYs of NRVHD were performed by age group, sex, and year. The temporal trends for these indicators from 1990 to 2019 were plotted. The age was divided into 18 age groups at 5 years, and 0-39 years were combined into one age group. The time trends of age-standardized incidence (ASIR), age-standardized mortality (ASMR), and age-standardized DALYs rates were described by the estimated annual percentage change (EAPC) which was calculated from a regression model with the natural logarithm of the rate, that is, ln(rate) = α + β × (calendar year) + ε. EAPC was defined as 100 × (exp(β) –1); Its 95% confidence interval (95% CI) was also generated from the fitted model.

We used the power5 APC model of the R package called Nordpred to predict the number and rate of NRVHD incidence and mortality in the next 25 years. Moreover, we estimated the number and rates of NRVHD events by assuming that the events for NRVHD remained stable, decreased, and increased by 1% per year based on the observed data of NRVHD in 2019, in order to facilitate comparison with predicted results. We used the ggplot2packages from the R program (Version 4.1.2; R core team, R Foundation for Statistical Computing, Vienna, Austria) to perform the visualization of the results.




3. Results


3.1. Incidence, mortality, and DALYs of NRVHD in 2019

In 2019, the number of incident cases and ASIR of NRVHD were 325.05 thousand (95% UI: 307.16, 342.33) and 15.30 per 100,000 (95% UI: 14.51, 16.07) among the total Chinese population, respectively (Table 1). NRVHD contributed to 5.32 thousand (95% UI: 4.51, 6.52) deaths in 2019, and the total population of ASMR was 0.30 per 100,000 (95% UI: 0.26, 0.37) (Table 2). NRVHD caused 170.04 thousand (95% UI: 139.38, 212.06) DALYs in 2019, and the age-standardized rate of DALYs was 9.07 per 100,000 (95% UI: 7.47, 11.17) (Table 3). The number and age-standardized rates of incidence, mortality, and DALYs are about the same for men and women (Tables 1–3).


TABLE 1    Number of incident cases and incidence rate of non-rheumatic valvular heart disease in China in 1990 and 2019 and EAPC from 1990 to 2019.
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TABLE 2    Number of deaths and mortality rate of non-rheumatic valvular heart disease in China in 1990 and 2019 and EAPC from 1990 to 2019.
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TABLE 3    Number of DALYs and DALYs rate of non-rheumatic valvular heart disease in China in 1990 and 2019 and EAPC from 1990 to 2019.
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In 2019, the number of incident cases of NRVHD reached a peak among the total population aged 55-59 years (Table 1), and this trend was similar for men and women (Figure 1A). The number of deaths of NRVHD reached a peak among the total population aged 80-84 years (Table 2), which trend did not differ in women, while the number of deaths in men peaked at 65-69 years old (Figure 1B). The number of DALYs reached a peak at 65-69 years old among the total population and both sexes (Table 3 and Figure 1C). The number of incident cases in women was significantly higher than that in men between the ages of 50-74 years old, while the differences in incident cases were not significant at other ages in both men and women (Figure 1A). The numbers of deaths and DALYs were higher among men than women in individuals in most age-specific groups (Figures 1B, C).
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FIGURE 1
Numbers and rates of incidence (A), death (B), and DALYs (C) of non-rheumatic valvular heart disease by age and sex in 2019 in China. Shading represents the upper and lower limits of the 95% uncertainty intervals (95% UIs). DALYs, disability-adjusted life-years.


The age-specific rates for incidence reached a peak among the total population aged 60-64 years (Table 1); the age-specific rates for mortality and DALYs increased with increasing age (Tables 2, 3). The trends of age-specific rates of incidence, mortality, and DALYs among both men and women were similar to the trends for the total population. Furthermore, the numbers and rates of incidence were concentrated in the population aged 50-89 years old, while the numbers and rates of deaths and DALYs were concentrated in the elderly population (≥ 60 years old) (Figure 1).



3.2. Temporal trends of incidence, mortality, and DALYs of NRVHD from 1990 to 2019

From 1990 to 2019, the number of incident cases, deaths, and DALYs of NRVHD all significantly increased among the total population (Tables 1–3). The number of incident cases increased by more than two times among men ≥ 45 years old and women ≥ 50 years old during the study period (Figure 2A). The ASIR was 9.22 per 100,000 (95%UI: 8.76, 9.69) in 1990, which increased in 2019, with an EAPC of 3.63 (95%CI: 0.33, 7.05) in the total population (Table 1). The ASIR of women increased more significantly than that of men during this period [EAPC = 3.73, 95%CI: (0.09, 7.50) vs EAPC = 3.55, 95%CI: (0.58, 6.61), respectively] (Table 1). Additionally, overall upward trends in the incidence rates were observed among both sexes in all age-specific groups (Figure 2B).
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FIGURE 2
Number of incident cases (A), incidence rate (B), death rate (C), and DALYs rate (D) of Non-rheumatic valvular heart by age and sex, from 1990 to 2019 in China. DALYs, disability-adjusted life-years.


The ASMR decreased from 1990 [0.56 per 100,000 (95%UI: 0.43, 0.67)] to 2019, with an EAPC of −2.51 (95%CI: −3.56, −1.45) (Table 2). A decreasing trend of age-standardized DALYs was also observed during this period, and the EAPC was −1.83 (95%CI: −3.02, −0.62) (Table 3). Overall downward trends in mortality and DALYs rates were observed in most age-specific groups and both sexes from 1990 to 2019 (Figures 2C, D).



3.3. Mortality and DALYs rates of NRVHD attributable to risk factors and their temporal trends from 1990 to 2019

In most age-specific groups, the mortality that was attributed to high systolic blood pressure was the highest among men and that was attributed to lead exposure was the lowest among women (Figure 3A). The overall downward trends attributable to a high-sodium diet were observed in most age-specific groups and both sexes, trends of NRVHD mortality attributed to high systolic blood pressure decreased in women while increased in men in most age-specific groups, trends of NRVHD mortality attributed to lead exposure was decreased under the age of 70 while was increased over the age of 70 among men and women (Figure 3A). Moreover, the temporal trends of the rates of DALYs attributable to a high-sodium diet, high systolic blood pressure, and lead exposure were similar to that of mortality (Figure 3B).
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FIGURE 3
Rates of death, rates, and proportions of DALYs attributable to risk factors by age and sex, from 1990 to 2019 in China. Rates of death (A) and DALYs (B) of non-rheumatic valvular heart attributable to risk factors by age and sex, from 1990 to 2019 in China; proportions of DALYs attributable to risk factors by sex from 1990 to 2019 in China (C); and proportions of DALYs attributable to risk factors by age and sex in 1990 and 2019 in China (D). DALYs, disability-adjusted life-years.


The proportions of DALYs that were attributed to risk factors (high systolic blood pressure, a high-sodium diet, and lead exposure) were different between men and women. High systolic blood pressure was the most significant contribution among both sexes, accounting for more than 11.9% of DALYs in men and accounting for more than 7.6% of DALYs in women, and the proportions of DALYs attributed to high systolic blood pressure increased over time from 1990 to 2019 (Figure 3C).

Moreover, during this period, the proportions of DALYs attributable to high systolic blood pressure, a high-sodium diet, and lead exposure show a notable difference between sexes in most age-specific groups, the proportions of DALYs attributable to three risk factors were higher in men than in women in individuals. During this period, the proportions of DALYs attributable to high systolic blood pressure, a high-sodium diet, and lead exposure were observed to have a relatively flat increase, but then a drastic decrease in >65 years old among men and women (Figure 3D).



3.4. Predictions of incidence and mortality of NRVHD from 2020 to2044

Based on GBD data of NRVHD from 1990 to 2019 in China, we further predicted the numbers and rates of incidence and mortality in the next 25 years (Figure 4). In the next 25 years, notable differences between rates of incidence and mortality, the incidence rates should be increasing while the death rate should be decreasing among both men and women (Figures 4A, B), while the numbers of new cases and deaths of NRVHD should continue to increase consistently from 2020 to 2044 (Figures 4C, D). In 2044, the overall number of new NRVHD cases should increase to 390.64 thousand (Figure 4C) and the number of NRVHD deaths should increase to 10.0 thousand (Figure 4D). In 2044, among men, the number of incident cases and deaths should increase to 174.32 thousand and 5.51 thousand, respectively (Figures 4C, D). Among women, the number of incident cases and deaths should increase to 215.47 thousand and 4.51 thousand in 2044, respectively (Figures 4C, D).
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FIGURE 4
Temporal trends and forecasted rates of incidence (A) and death (B), and the number of incident cases (C) and deaths (D) of non-rheumatic valvular heart by sex, from 2020 to 2044 in China. Solid lines and dash lines represent the observed and the predicted number of incident cases and deaths of non-rheumatic valvular heart; shading represents a 1% decrease and increase interval based on the 2019 rate. DALYs, disability-adjusted life-years.





4. Discussion

Non-rheumatic valvular heart disease (NRVHD) is a global health issue and has led to a high burden of VHD in elderly people worldwide (11–13). China is one of the countries with the highest burden of NRVHD in the world. Few studies analyzed the burden of NRVHD in China in the past, and the latest disease burden of NRVHD is still unclear (14). New epidemiological data of the Global Burden of Disease (GBD) 2019 study on NRVHD at macro- and meso-level geographic scales (8), enables us to provide the most consistent, transparent, and up-to-date overview of the prevalence and risk factors for NRVHD nationally, for the first time. In this investigation, we assessed the burden of NRVHD comprehensively, its temporal trends by sex, age, and risk factors in depth and uniquely, and predicted the burden in the next 25 years in China. Our study has shown that there has been an increasing trend in the incidence of NRVHD among the total Chinese population from 1990 to 2019. High systolic blood pressure, diet high-sodium, and lead exposure were confirmed to be associated with a higher risk of NRVHD. With the projected shift to an older and larger population (15), the burden of NRVHD will probably increase substantially in the future. This is consistent with the results predicted by our prediction model. For the next 25 years, it demonstrates that the number of new cases and deaths of NRVHD should keep on increasing among both sexes. Meanwhile, the incidence rate showed an overall increasing trend, while the death rate revealed an overall decreasing trend. Despite clinical practice guidance and current knowledge to reduce the burden of NRVHD morbidity, it is clear that the continued heavy burden of NRVHD in China may be shifting to mortality from chronic morbidity.

Our study indicates that the age-standardized prevalence and DALYs rates of NRVHD are prevalent in China based on the data from GBD 2019, which is similar to the level worldwide. Although the age-standardized prevalence and DALYs rates are stable among the Chinese population basically, the significant increase in NRVHD cases and DALYs in China draws more attention. The increased prevalence of may attribute to the following reasons. First, recent studies have shown that the elderly population (individuals aged ≥ 60 years) is estimated to increase to 300 million by the end of 2025. It may cause the heavy disease burden of NRVHD in the elderly population, which is consistent with our results. Meanwhile, China has the largest population base in the world, leading to higher new cases and rates of incidence, mortality, and DALYs. Second, some projects were launched by the Chinese government for the populations with a high risk of NRVHD. In 2015, the National Cardiovascular Disease Center systematically and continuously carried out cardiovascular disease prevention and control skills training for grass-roots medical personnel through the implementation of the “grass-roots cardiovascular disease comprehensive risk management project”. Thus, significant improvement has been made aiming at early diagnosis and treatment of NRVHD among both sexes, leading to an overall decline in the rates of death of NRVHD, and on the other hand, newly detected cases would increase, keeping the rates of incidence and DALYs from declining notably. Thirdly, increased lifestyle, cardiovascular care, and metabolic risk factors are also major contributors among younger populations. With the improvement of the changing lifestyles and public health in China, the risk factors, such as high systolic blood pressure, a diet high in sodium, and lead exposure, have been effectively controlled, leading to a decline in the rates of mortality.

The observed NRVHD prevalence in our study suggests increased exposure to NRVHD risk factors including high systolic blood pressure, a diet high in sodium, lead exposure, and high fasting plasma glucose, which is consistent with former data (16–20), implying the importance of proper control of these risk factors. It showed that 23.2% of Chinese people aged 18 or older had hypertension (21). High blood pressure in patients with hypertension brings extra mechanical pressure to the valve. Over time, the collagen fibers in the valve wear and break, resulting in calcium salt deposition in the crack, leading to calcified lesions of the valve. As for lead exposure, it was explained by evidence that chronic exposure to lead is a factor resulting in hypertension and atherosclerosis (18, 22–24). Overall, lead exposure can reduce nitric oxide availability, promote vascular inflammation via oxidative stress, and increase the production of endothelin, resulting in high blood pressure, which may be explained by evidence that chronic exposure to lead is a factor contributing to hypertension and calcified lesions of the valve (22–26). From our study, we found that the proportion of DALYs attributable to high systolic blood pressure and lead exposure was more than 13.9% in China in 2019 among men and women. In China, healthy China 2030 has pushed forward the prevention and treatment of NRVHD with or without other cardiovascular diseases, promoted the research and formulation of the technical scheme and enforcement path of “three highs” (hypertension, hyperlipidemia, and hyperglycemia). Additionally, the Work Safety Law of the People’s Republic of China (PRC) and the Law of the PRC on Prevention and Control of Occupational Diseases officially modified the occupational health regulatory system in lead exposure control, which is of great significance to reduce the burden of NRVHD (27, 28). The benefits of protection from lead exposure in reducing the risk of NRVHD have also been supported in our data. Trends of NRVHD mortality attributed to lead exposure decreased under the age of 70 among both sexes from 1990 to 2019.

Our sex-specific and age-specific prevalence data models have improved the precision of our estimation regarding another risk factor of a diet high in sodium. Potential explanations for the association between a diet high in sodium and aortic valve disease include that diets high in sodium may be associated with the effect of aldosterone on renal mineralocorticoid receptors (29, 30), which leading to CAVD (31). Furthermore, studies have suggested that a high sodium intake leads to the occurrence of high blood pressure (32–34), which is another possible explanation for the relationship between a diet high in sodium and CAVD (32, 34). Our study demonstrated that the proportion of DALYs attributable to a diet high in sodium was more than 4.3% in China in 2019 among both sexes. To date, salt intake in China is high with a daily average intake of 12–14 g (35). By 2030, the national per capita daily salt intake will be reduced by 20% (36). The above measures may be beneficial to decrease in the prevalence and burden of NRVHD.

Although the overall downward trends in mortality and DALYs rates were observed in most age-specific groups and both sexes from 1990 to 2019, the numbers of incident cases, deaths, and DALYs of NRVHD all significantly increased among the total population. The total expenses for CVD hospitalization have increased rapidly since 2004, much faster than the increase in gross domestic product. Moreover, with an aging population and global economic growth, an increasingly large number of NRVHD cases will pose a heavy economic burden on health care and treatment. We further predicted that the numbers of new cases, deaths of NVHD, and incidence rates will continue to increase consistently, while the death rate should be decreasing among both sexes from 2020 to 2044. Multifactorial national epidemiology policies can improve epidemiological trends and explain the decreasing death rate. Healthy China 2030 highlights that it is necessary to guide population to have a reasonable diet. In 2020, China’s guidelines for the primary prevention of cardiovascular diseases proposed that blood pressure management should be carried out to reduce blood pressure and control other risk factors. China’s Medium and Long Term Plan of Preventing and Controlling Chronic Diseases set the goal to reduce CVD mortality rates by 15% by 2025 partly by preventing high risk factors including lead exposure. The national nutrition plan (2017-2030) puts forward the action goal of reducing the national per capita daily salt intake by 20% by 2030. Although an astonishing fact is that NRVHD is generally ignored in China, it highlighted that greater efforts and special attention should be paid to targeted public health strategies.

Our study has several limitations to be acknowledged. First, we only assessed the disease burden of NRVHD at the national level but did not provide some more details provincially. Second, because of the progressive and slow nature of valvular heart diseases, many severe valve lesions remain undiagnosed due to neglected symptoms from the patients (37). Meanwhile, valve diseases are poorly represented in the international diseases classification, and their contribution to morbidity and mortality might have been ignored without echocardiography (1). Thus the trends in the burden of NRVHD may have been underestimated. Third, it has been described previously how the limitations of the GBD methodology affect related studies (7, 38–41). The GBD study cannot capture the most recent changes in health status, because of the time lags in the reporting of health information by government sectors. Fourth, the inclusion of more data on risk factors for NRVHD would lead to a precise understanding of the prevalence of NRVHD and a more scientific preventive strategy. We could not evaluate the NRVHD burden caused by other important risk factors such as high fasting plasma glucose and red meat, because corresponding data is missing in the GBD database. Although the data used to estimate the prevalence in our study were corrected, filled, and fitted through various models, non-determinacy still needs to be considered when interpreting our results.



5. Conclusion

A substantially high prevalence of NRVHD was observed in the recent three decades, especially in the elderly. Even larger numbers of new cases and deaths of NRVHD are to be expected. The ASIR and ASMR should show an upward and downward trend among both sexes, respectively. It may lead to high healthcare costs and signify the potential for even higher costs in the next 25 years. The cardiovascular risk factors of high systolic blood pressure, a diet high in sodium, and lead exposure are positively associated with NRVHD in China over this time period. Our study results are valuable in drawing attention to the control and treatment of NRVHD, more targeted strategies for NRVHD control and prevention are needed to reduce negative health outcomes.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/supplementary material.



Author contributions

XZ: conceptualization, writing – original draft, and formal analysis. YH: writing – review. XL: conceptualization, methodology, software, and visualization. QG: conceptualization and data curation. All authors contributed to the article and approved the submitted version.



Funding

This work was sponsored by grants from the National Natural Science Foundation of China (Nos. 81800431 and 81800444), the Natural Science Foundation of Hubei Province (No. 2018CFB415), Construction of Fujian Provincial Scientific and Technological Innovation Platform (No. 2019Y2001), and Fujian provincial health technology project (No. 2020GGA026).



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.



Footnotes

1     http://ghdx.healthdata.org/gbd-results-tool

2     https://population.un.Org/WPP/Download/Standard/Population/



References

1. Nkomo V, Gardin J, Skelton T, Gottdiener J, Scott C, Enriquez-Sarano M. Burden of valvular heart diseases: a population-based study. Lancet. (2006) 368:1005–11. doi: 10.1016/S0140-6736(06)69208-8

2. Watkins D, Johnson C, Colquhoun S, Karthikeyan G, Beaton A, Bukhman G, et al. Global, regional, and national burden of rheumatic heart disease, 1990-2015. N Engl J Med. (2017) 377:713–22. doi: 10.1056/NEJMoa1603693

3. Liu F, Xue Y, Liao H, Zhan X, Guo H, Huang H, et al. Five-year epidemiological survey of valvular heart disease: changes in morbidity, etiological spectrum and management in a cardiovascular center of southern china. J Thorac Dis. (2014) 6:1724–30. doi: 10.3978/j.issn.2072-1439.2014.11.21

4. Marijon E, Celermajer D, Tafflet M, El-Haou S, Jani D, Ferreira B, et al. Rheumatic heart disease screening by echocardiography: the inadequacy of world health organization criteria for optimizing the diagnosis of subclinical disease. Circulation. (2009) 120:663–8. doi: 10.1161/CIRCULATIONAHA.109.849190

5. Nazarzadeh M, Pinho-Gomes A, Smith Byrne K, Canoy D, Raimondi F, Ayala Solares J, et al. Systolic blood pressure and risk of valvular heart disease: a mendelian randomization study. JAMA Cardiol. (2019) 4:788–95. doi: 10.1001/jamacardio.2019.2202

6. Chourdakis M, Tzellos T, Pourzitaki C, Toulis K, Papazisis G, Kouvelas D. Evaluation of dietary habits and assessment of cardiovascular disease risk factors among greek university students. Appetite. (2011) 57:377–83. doi: 10.1016/j.appet.2011.05.314

7. GBD 2017 Causes of Death Collaborators. Global, regional, and national age-sex-specific mortality for 282 causes of death in 195 countries and territories, 1980-2017: a systematic analysis for the global burden of disease study 2017. Lancet. (2018) 392:1736–88. doi: 10.1016/S0140-6736(18)32203-7

8. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and national incidence, prevalence, and years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990-2017: a systematic analysis for the global burden of disease study 2017. Lancet. (2018) 392:1789–858. doi: 10.1016/S0140-6736(18)32279-7

9. GBD 2019 Stroke Collaborators. Global, regional, and national burden of stroke and its risk factors, 1990-2019: a systematic analysis for the global burden of disease study 2019. Lancet Neurol. (2021) 20:795–820. doi: 10.1016/S1474-4422(21)00252-0

10. GBD 2019 Risk Factors Collaborators. 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

11. Song F, Liu F, Liang Y, Tse G, Li X, Liao H, et al. Clinical, sonographic characteristics and long-term prognosis of valvular heart disease in elderly patients. J Geriatr Cardiol. (2019) 16:33–41. doi: 10.11909/j.issn.1671-5411.2019.01.007

12. Baumgartner H, Falk V, Bax J, De Bonis M, Hamm C, Holm P, et al. 2017 esc/eacts guidelines for the management of valvular heart disease. Eur Heart J. (2017) 38:2739–91. doi: 10.1093/eurheartj/ehx391

13. d’Arcy J, Prendergast B, Chambers J, Ray S, Bridgewater B. Valvular heart disease: the next cardiac epidemic. Heart. (2011) 97:91–3. doi: 10.1136/hrt.2010.205096

14. Chen J, Li W, Xiang M. Burden of valvular heart disease, 1990-2017: results from the global burden of disease study 2017. J Glob Health. (2020) 10:020404. doi: 10.7189/jogh.10.020404

15. Nomura S, Sakamoto H, Glenn S, Tsugawa Y, Abe S, Rahman M, et al. Population health and regional variations of disease burden in japan, 1990-2015: a systematic subnational analysis for the global burden of disease study 2015. Lancet. (2017) 390:1521–38. doi: 10.1016/S0140-6736(17)31544-1

16. Stewart B, Siscovick D, Lind B, Gardin J, Gottdiener J, Smith V, et al. Clinical factors associated with calcific aortic valve disease. Cardiovascular health study. J Am Coll Cardiol. (1997) 29:630–4. doi: 10.1016/s0735-1097(96)00563-3

17. Boon A, Cheriex E, Lodder J, Kessels F. Cardiac valve calcification: characteristics of patients with calcification of the mitral annulus or aortic valve. Heart. (1997) 78:472–4. doi: 10.1136/hrt.78.5.472

18. Yi B, Zeng W, Lv L, Hua P. Changing epidemiology of calcific aortic valve disease: 30-year trends of incidence, prevalence, and deaths across 204 countries and territories. Aging. (2021) 13:12710–32. doi: 10.18632/aging.202942

19. Triki F, Jdidi J, Abid D, Tabbabi N, Charfeddine S, Ben Kahla S, et al. Characteristics, aetiological spectrum and management of valvular heart disease in a tunisian cardiovascular centre. Arch Cardiovasc Dis. (2017) 110:439–46. doi: 10.1016/j.acvd.2016.08.003

20. Iung B, Baron G, Butchart E, Delahaye F, Gohlke-Barwolf C, Levang O, et al. A prospective survey of patients with valvular heart disease in europe: the euro heart survey on valvular heart disease. Eur Heart J. (2003) 4:1231–43. doi: 10.1016/s0195-668x(03)00201-x

21. Wang Z, Chen Z, Zhang L, Wang X, Hao G, Zhang Z, et al. Status of hypertension in china: results from the china hypertension survey, 2012-2015. Circulation. (2018) 137:2344–56. doi: 10.1161/CIRCULATIONAHA.117.032380

22. Vaziri N. Mechanisms of lead-induced hypertension and cardiovascular disease. Am J Physiol. Heart Circ Physiol. (2008) 295:H454–65. doi: 10.1152/ajpheart.00158.2008

23. Harari F, Barregard L, Ostling G, Sallsten G, Hedblad B, Forsgard N, et al. Blood lead levels and risk of atherosclerosis in the carotid artery: results from a swedish cohort. Environ Health Perspect. (2019) 127:127002. doi: 10.1289/EHP5057

24. Cheung B, Tsoi M, Lui K, Cheung T. Blood lead level and hypertension risk in the united states national health nutrition and examination survey (nhanes) 1999-2016. Eur Cardiol. (2020) 15:e36. doi: 10.15420/ecr.2020.15.1.PO13

25. Dursun N, Arifoglu C, Suer C, Keskinol L. Blood pressure relationship to nitric oxide, lipid peroxidation, renal function, and renal blood flow in rats exposed to low lead levels. Biol Trace Elem Res. (2005) 104:141–9. doi: 10.1385/BTER:104:2:141

26. Park S, Lakatta E. Role of inflammation in the pathogenesis of arterial stiffness. Yonsei Med J. (2012) 53:258–61. doi: 10.3349/ymj.2012.53.2.258

27. Chinese Goverment. The Law on Prevention and Control of Occupational Diseases of the People’s Republic of China. (2016). Available online at: http://www.npc.gov.cn/npc/c30834/201901/aeaec9d8f33343119be1a4df98b9097e.shtml (accessed August 18, 2017).

28. Chinese Goverment. The Work Safety Law of the People’s Republic of China. (2014). Available online at: http://www.mohrss.gov.cn/SYrlzyhshbzb/dongtaixinwen/shizhengyaowen/202205/t20220513_448176.html (accessed August 18, 2017).

29. Conlin P. Interactions of high salt intake and the response of the cardiovascular system to aldosterone. Cardiol Rev. (2005) 13:118–24. doi: 10.1097/01.crd.0000148845.74124.c0

30. Archives of Internal Medicine. The sixth report of the joint national committee on prevention, detection, evaluation, and treatment of high blood pressure. Arch Intern Med. (1997) 157:2413–46.

31. Gkizas S, Koumoundourou D, Sirinian X, Rokidi S, Mavrilas D, Koutsoukos P, et al. Aldosterone receptor blockade inhibits degenerative processes in the early stage of calcific aortic stenosis. Eur J Pharmacol. (2010) 642:107–12. doi: 10.1016/j.ejphar.2010.05.048

32. Komnenov D, Levanovich P, Rossi N. Hypertension associated with fructose and high salt: renal and sympathetic mechanisms. Nutrients. (2019) 11:569. doi: 10.3390/nu11030569

33. Titze J, Luft F. Speculations on salt and the genesis of arterial hypertension. Kidney Int. (2017) 91:1324–35.

34. Pilic L, Pedlar C, Mavrommatis Y. Salt-sensitive hypertension: mechanisms and effects of dietary and other lifestyle factors. Nutr Rev. (2016) 74:645–58. doi: 10.1093/nutrit/nuw028

35. Shao S, Hua Y, Yang Y, Liu X, Fan J, Zhang A, et al. Salt reduction in china: a state-of-the-art review. Risk Manag Healthc Policy. (2017) 10:17–28. doi: 10.2147/RMHP.S75918

36. State Council. Tutorial for Outline of the Healthy China 2030 Plan. (2016). Available online at: http://www.Gov.Cn/zhengce/2016-10/25/content_5124174.Htm. (accessed August 18, 2017).

37. Hu P, Liu X, Liang J, Zhu Q, Pu C, Tang M, et al. A hospital-based survey of patients with severe valvular heart disease in china. Int J Cardiol. (2017) 231:244–7. doi: 10.1016/j.ijcard.2016.11.301

38. GBD 2017 Diet Collaborators. Health effects of dietary risks in 195 countries, 1990-2017: a systematic analysis for the global burden of disease study 2017. Lancet. (2019) 393:1958–72. doi: 10.1016/S0140-6736(19)30041-8

39. Zhou M, Wang H, Zeng X, Yin P, Zhu J, Chen W, et al. Mortality, morbidity, and risk factors in china and its provinces, 1990-2017: a systematic analysis for the global burden of disease study 2017. Lancet. (2019) 394:1145–58. doi: 10.1016/S0140-6736(19)30427-1

40. Wu A, Dong W, Liu S, Cheung J, Kwan K, Zeng X, et al. The prevalence and years lived with disability caused by low back pain in china, 1990 to 2016: findings from the global burden of disease study 2016. Pain. (2019) 160:237–45. doi: 10.1097/j.pain.0000000000001396

41. Thubrikar M, Aouad J, Nolan S. Patterns of calcific deposits in operatively excised stenotic or purely regurgitant aortic valves and their relation to mechanical stress. Am J Cardiol. (1986) 58:304–8. doi: 10.1016/0002-9149(86)90067-6


OPS/xhtml/Nav.xhtml




Contents





		Cover



		Changing trends of the disease burden of non-rheumatic valvular heart disease in China from 1990 to 2019 and its predictions: Findings from global burden of disease study



		1. Introduction



		2. Materials and methods



		2.1. Data sources



		2.2. Evaluation of NRVHD burden



		2.3. Statistical analysis







		3. Results



		3.1. Incidence, mortality, and DALYs of NRVHD in 2019



		3.2. Temporal trends of incidence, mortality, and DALYs of NRVHD from 1990 to 2019



		3.3. Mortality and DALYs rates of NRVHD attributable to risk factors and their temporal trends from 1990 to 2019



		3.4. Predictions of incidence and mortality of NRVHD from 2020 to2044







		4. Discussion



		5. Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Footnotes



		References

















OPS/images/fcvm-09-912661-t001.jpg
Characteristics

Incident cases

Incident rate

Incident cases

Incident rate

1990-201
EAPC in

[x 103 [per 100,000 [x 103 [per 100,000 incidence rate
(95% UI)] (95% Ul (95% UI)] (95% UI)] [%6(95% CI)]
Overall* 93.16 9.22 325.05 15.30 3.63
(88.80, 98.01) (8.76,9.69) (307.16, 342.33) (14.51, 16.07) (0.33,7.05)
Sex*
Male 40.21 7.75 140.35 13.25 3.55
(38.12, 42.36) (7.34,8.15) (131.63, 148.75) (12.47,13.97) (0.58, 6.61)
Female 52.95 10.81 184.7 17.37 3.73
(50.39, 55.60) (10.28,11.35) (175.14, 194.42) (16.49, 18.21) (0.09, 7.50)
Age at diagnosis**(year)
0-14 0 0 0 0 —
15-19 0.81 0.64 0.53 0.70 3.54
(0.74, 0.89) (0.58,0.70) (0.48, 0.58) (0.64, 0.77) (~0.99, 8.28)
20-24 2.60 1.96 1.92 2.34 3.91
(2.37,2.86) (1.79,2.16) (1.76, 2.10) (2.15, 2.56) (~0.67, 8.70)
25-29 3.78 343 4.44 4.01 4.07
(3.47,4.16) (3.15,3.77) (4.07, 4.85) (3.68, 4.38) (-0.51, 8.85)
30-34 4.42 4.99 7.47 5.79 3.98
(4.06, 4.84) (4.59,5.47) (6.86, 8.16) (5.31,6.32) (~0.58, 8.75)
35-39 5.59 6.10 7.76 7.69 3.81
(5.12,6.14) (5.59,6.71) (7.13, 8.47) (7.07, 8.40) (-0.72, 8.56)
40-44 6.78 10.09 13.86 13.63 3.66
(5.89,7.76) (8.76, 11.54) (12.2,15.65) (12.01, 15.40) (~0.20, 7.67)
45-49 8.74 16.89 28.76 23.69 3.78
(6.64,11.17) (12.84, 21.60) (23.22,35.24) (19.13, 29.03) (0.25, 7.43)
50-54 13.69 28.63 57.13 45.67 4.29
(12.01, 15.55) (25.13,32.53) (51.50, 63.10) (41.16, 50.44) (0.71, 7.99)
55-59 19.46 44.76 79.80 84.15 4.58
(16.35, 22.64) (37.62, 52.08) (69.93,90.27) (73.74, 95.19) (0.88, 8.41)
60-64 15.37 43.38 66.68 84.88 4.13
(13.11,17.83) (37.00, 50.34) (59.42,74.32) (75.64, 94.61) (0.66,7.71)
65-69 7.22 26.38 34.47 48.97 3.42
(5.65,9.21) (20.64, 33.64) (28.36,41.92) (40.29, 59.56) (0.60, 6.33)
70-74 29 15.46 13.15 27.48 2.95
(1.68, 4.50) (8.89, 23.86) (8.41,18.58) (17.56, 38.82) (071, 5.23)
75-79 1.18 10.32 517 7.33 2.55
(0.75, 1.65) (6.56, 14.49) (3.60, 6.93) (12.05,23.21) (0.63, 4.50)
80-84 0.44 7.76 240 2.58 2.15
(0.23,0.70) (4.08,12.33) (1.44, 3.63) (7.55, 19.06) (0.66, 3.66)
85-89 0.15 7.98 1.11 3.08 2.09
(0.09, 0.23) (4.84,11.95) (0.67, 1.68) (7.82,19.71) (0.84, 3.36)
90-94 0.03 8.63 0.33 4.63 1.96
(0.02, 0.05) (5.49, 12.93) (0.19, 0.50) (8.54,22.27) (1.00, 2.92)
95 + 0.01 9.93 0.08 7.47 1.87
(0,00.010) (5.49, 16.38) (0.03, 0.15) (7.55, 33.79) (0.92,2.83)
EAPC, estimated annual percentage change; 95% UL, 95% uncertainty interval; 95% CI, 95% confidence interval; *, age-standardized incidence rate; **, the crude incidence rate in each age group.
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Deaths cases Mortality rate Deaths cases Mortality rate EAPC in
[x 103 [per 100,000 [x 103 [per 100,000 mortality rate
(95% U] (95% UI)] (95% UI)] (95% UI)] [%(95% CI)]
Overall* 3.75 0.56 5.32 0.30 —2.51
(2.88,4.57) (0.43,0.67) (4.51,6.52) (0.26,0.37) (-3.56, ~1.45)
Sex*
Male 1.86 0.58 2.96 0.37 —1.89
(1.41,2.43) (0.45,0.79) (2.31,3.90) (0.30, 0.50) (—3.00, —0.76)
Female 1.89 0.53 2.36 0.25 —3.02
(1.23,2.43) (0.36, 0.68) (1.89,2.92) (0.20, 0.30) (—4.04, —1.99)
Age at diagnosis**(year)
0-14 0 0 —
15-19 0.06 0.05 0.02 0.02 —3.89
(0.05, 0.09) (0.04,0.07) (0.01,0.02) (0.02,0.03) (—5.07, —2.69)
20-24 0.08 0.06 0.03 0.03 —3.48
(0.06,0.11) (0.04, 0.09) (0.02,0.03) (0.03,0.04) (—4.74, —2.20)
25-29 0.09 0.08 0.05 0.05 —2.88
(0.06,0.12) (0.05,0.11) (0.04, 0.06) (0.04, 0.06) (=427, —1.47)
30-34 0.09 0.10 0.08 0.06 —2.81
(0.06,0.12) (0.07,0.14) (0.07,0.10) (0.05,0.07) (—4.34, —1.25)
35-39 0.14 0.15 0.09 0.09 —3.01
(0.10,0.18) (0.11,0.20) (0.08,0.11) (0.08,0.11) (—4.69, —1.32)
40-44 0.15 0.22 0.13 0.13 —2.97
(0.11,0.19) (0.16,0.28) (0.10,0.16) (0.10, 0.16) (—4.54, —1.38)
45-49 0.14 0.28 0.19 0.15 —2.99
(0.10,0.19) (0.20,0.37) (0.15,0.23) (0.12,0.19) (—4.57, —1.39)
50-54 0.21 045 0.30 0.24 —2.99
(0.15,0.28) (0.32,0.59) (0.24,0.38) (0.19,0.31) (—4.46, —1.49)
55-59 0.30 0.68 0.34 0.36 —2.85
(0.22,0.38) (0.51,0.87) (0.28,0.43) (0.29, 0.45) (—4.25, —1.44)
60-64 0.36 1.02 0.45 0.58 —2.80
(0.27, 0.45) (0.76,1.28) (0.37,0.55) (0.47,0.71) (—4.81, —0.74)
65-69 0.45 1.65 0.71 1.00 —2.51
(0.34,0.57) (1.23,2.07) (0.59, 0.86) (0.83,1.22) (—4.51, —0.48)
70-74 0.47 248 0.68 1.43 —231
(0.35,0.57) (1.87,3.02) (0.57,0.83) (1.20,1.74) (—3.40, —1.21)
75-79 0.46 4.05 0.71 237 —2.07
(0.36, 0.56) (3.16,4.87) (0.60, 0.85) (2.01,2.86) (—3.12, —1.01)
80-84 0.42 7.48 0.73 3.85 —2.39
(0.33,0.53) (5.93,9.31) (0.62,0.93) (3.24,4.86) (—3.62, —1.14)
85-89 0.24 12.29 0.53 6.20 —2.40
(0.19, 0.30) (9.79, 15.70) (0.4, 0.69) (5.22,8.16) (—3.76, —1.02)
90-94 0.08 21.12 0.21 9.38 —3.12
(0.06,0.10) (16.04, 28.00) (0.17,0.26) (7.53,11.38) (—4.43, —1.80)
95 + 0.02 27.49 0.07 15.27 —2.65
(0.01,0.02) (20.56, 36.51) (0.05,0.08) (11.53, 18.80) (—3.94, —1.34)

EAPC, estimated annual percentage change; 95% U1, 95% uncertainty interval; 95% CI, 95% confidence interval; *, age-standardized mortality rate; **, the crude mortality rate in each age group.
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Characteristics 1990 1990-2019
DALYs DALYs rate DALYs ALYs rate EAPC in DALYs
[x 103 [per 100,000 [x 103 [per 100,000 rate
(95% U] (95% UI)] (95% U] (95% UI)] [%(95% CI)]
Overall* 116.39 13.43 170.04 9.07 —183
(89.54, 143.63) (10.50, 16.22) (139.38, 212.06) (7.47,11.17) (—3.02, —0.62)
Sex*
Male 60.57 13.92 91.95 10.26 —1.49
(46.78,79.32) (10.8, 17.99) (72.55, 117.39) (8.15,13) (=273, —0.24)
Female 55.81 12.82 78.09 7.92 —2.17
(36.95, 72.68) (8.84, 16.36) (61.09, 99.97) (6.21,10.14) (—3.38, —0.94)
Age at diagnosis**(year)
0-14 0 0 0 0 —
15-19 459 3.62 1.14 1.52 —3.86
(3.26,6.23) (2.57,4.91) (0.95, 1.41) (1.26,1.88) (—5.03, —2.67)
20-24 5.52 4.17 171 2.09 —345
(3.83,7.66) (2.89,5.78) (1.40, 2.09) (1.71,2.56) (=471, —2.18)
25-29 5.38 4.88 3.26 2.94 —2.85
(3.59,7.62) (3.26,6.91) (2.70, 3.90) (2.44,3.52) (—4.23, —1.45)
30-34 5.04 5.69 464 3.59 —276
(3.57,6.94) (4.03,7.84) (3.88, 5.54) (3.00,4.29) (—4.29, —1.22)
35-39 7.09 7.75 487 483 —2.94
(5.14,9.52) (5.62, 10.40) (4.02,5.87) (3.98,5.82) (—4.61, —1.26)
40-44 6.97 10.37 6.29 6.19 —2.89
(5.20,9.03) (7.73,13.43) (5.08, 7.68) (5.00, 7.55) (—4.44, —1.30)
45-49 6.33 12.24 8.44 6.95 —2.81
(4.57,8.25) (8.84, 15.96) (6.76, 10.24) (5.57,8.43) (—4.38, —1.23)
50-54 8.57 17.94 12.87 10.29 —2.66 (—4.09, —1.20)
(6.41,11.17) (13.4,23.36) (10.25, 15.89) (8.19,12.7)
55-59 0.89 25.05 14.35 15.13 —2.29
(8.31,13.68) (19.13,31.47) (11.34, 18.27) (11.96, 19.26) (—3.68, —0.89)
60-64 2.01 33.89 18.32 23.32 —2.07
(9.31, 14.89) (26.29, 42.05) (14.41,23.71) (18.34,30.18) (—4.22,0.13)
65-69 3.09 47.85 25.12 35.69 —174
(10.10, 16.4) (36.90, 59.92) (20.13, 32.41) (28.60, 46.05) (—3.91,047)
70-74 1.54 61.20 21.90 45.75 —1.37
(9.04, 14.34) (47.94,76.06) (17.56, 28.16) (36.7, 58.85) (=2.51, —0.20)
75-79 9.30 81.53 18.55 62.16 —1.08
(7.34,11.35) (64.35,99.50) (14.95, 24.01) (50.08, 80.45) (—2.24,0.10)
80-84 6.45 114.46 15.68 82.21 —1.16
(5.20,7.92) (92.15, 140.51) (12.31, 20.39) (64.56,106.91) (—2.48,0.18)
85-89 2.77 144.60 9.03 106.21 —1.04
(2.22,3.48) (116.02, 181.44) (7.09, 11.86) (83.40, 139.51) (—2.48,041)
90-94 0.70 189.01 3.00 133.72 —147
(0.55,0.90) (147.88,241.40) (2.31,3.92) (102.92, 174.79) (—2.94,0.01)
95 + 0.13 210.03 0.87 195.82 —0.74
(0.10, 0.16) (162.80, 262.95) (0.66, 1.11) (148.25,248.11) (—2.29,0.83)

DALYs, disability-adjusted life-years; EAPC, estimated annual percentage change; 95% UI, 95% uncertainty interval; 95% CI, 95% confidence interval; *, age-standardized DALY rate; **, crude

DALYs rate in each age group.
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