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The present study provides a thorough trend analysis of the burden of lower extremity peripheral arterial disease (PAD) in China during 1990–2021, based on data from the Global Burden of Disease Study 2021. Lower extremity PAD is an atherosclerotic disease that causes obstruction of blood vessels supplying the legs, presenting as intermittent claudication, rest pain, non - healing wounds, ulcers, or gangrene, and may lead to limb amputation or death due to critical limb ischemia. Our analysis covers prevalence, incidence, mortality, years lived with disability (YLDs), years of life lost (YLLs), and disability - adjusted life years (DALYs). A key finding of this study is from the Age - period - cohort (APC) analysis. It shows that age and period effects are risk factors for the incidence and mortality of PAD, while birth cohort effects have a protective role. Additionally, projections using the Autoregressive Integrated Moving Average (ARIMA) model indicate that the risk of death from PAD will increase for males in the future. Through Joinpoint regression analysis, we delineate the temporal trends. Considering China’s aging population, the growing disease burden from economic progress, and the rapidly changing healthcare landscape, these findings highlight the escalating challenge of PAD. The study’s predictions serve as a warning of the continued rise in PAD incidence and emphasize the urgent need for public health interventions to address the increasing burden.
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1 Introduction

Lower extremity peripheral artery disease (PAD) is defined by atherosclerotic obstruction of the arteries supplying the legs, affecting approximately 230 million people worldwide (1). According to the “China Cardiovascular Health and Disease Report,” the current number of people with cardiovascular diseases in China is 330 million, including 13 million with stroke and 11.39 million with coronary heart disease, among which the prevalence of peripheral arterial disease of the lower extremities is as high as 6.6% (2). PAD can manifest as pain in one or more lower limb muscle groups during physical activity, namely intermittent claudication, atypical pain, pain at rest, or non-healing wounds, ulcers, or gangrene, with severe limb ischemia potentially leading to amputation or even death of the patient (3).

Asia, particularly China, is facing an increasing challenge from lower extremity peripheral artery disease (PAD). It is estimated that the Asian population accounts for approximately 60% of the global population, while China’s population represents 18%, forming a large base of disease burden. Despite differences in economic conditions and healthcare systems across the world, the impact of PAD on human health is widespread and severe (4). Particularly since the beginning of the 21st century, while the incidence of PAD in Western countries has been stabilizing, the incidence in emerging industrialized nations of South America, Eastern Europe, Asia, and Africa has been rising rapidly (5). As one of the world’s largest lower-middle-income countries, China has experienced rapid economic development over the past few decades and a significant increase in the burden of non-communicable diseases. It is estimated that from 2000 to 2020, the total number of PAD patients in China increased by 40% (6). The burden of PAD has become a challenge for China’s healthcare system, similar to Western nations (7).

However, there is a relative scarcity of epidemiological studies on lower extremity PAD in China at present, limiting researchers’ in-depth understanding of PAD epidemiological trends. This study is based on the latest data from the Global Burden of Disease (GBD) 2021 and aims to reveal the long-term trends in the disease burden of lower extremity PAD in China over the past 30 years, including prevalence, incidence, mortality, Years Lived with Disability (YLD), Years of Life Lost (YLL), and Disability-Adjusted Life Years (DALY). Furthermore, this study employs the Autoregressive Integrated Moving Average (ARIMA) model (8, 9) to forecast the trend of PAD disease burden in China for the next 15 years, in hopes of providing a scientific basis for the prevention and control of PAD.



2 Methods


2.1 Overview

The 2021 Global Burden of Disease (GBD) report provides us with a macro perspective, covering 371 types of diseases and injuries across 204 countries and regions. The report employs numerous statistical methods to provide detailed estimates of prevalence, incidence, deaths, and health years of life lost (YLL) and years lived with disability (YLD), and calculates disability-adjusted life years (DALY) (Equation 1) as a comprehensive metric for measuring the burden of disease. These estimates are categorized by cause, age, sex, year, and geographic location, providing invaluable data support for research and policy-making in the field of global health (9).
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The original data for the GBD-estimated incidence and mortality rates of lower extremity PAD in China primarily come from the Chinese Center for Disease Control and Prevention (CDC) mortality reporting system, Disease Surveillance Points (DSP), and Maternal and Child Health Surveillance System. These data are widely representative due to their nationwide coverage.

The dataset utilized in this study encompasses the burden data of lower extremity PAD in China from 1990 to 2021, including age-standardized rates (ASRs) (Equation 2), age-specific rates, and 95% uncertainty intervals. All data have undergone rigorous quality control, and detailed information is available on the official website of the Global Burden of Disease project.1
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The variable αi denotes the age-specific rate, while wi signifies the weight derived from the standard population corresponding to each of the respective age groups. Additionally, A represents the total number of age groups.

Lower extremity PAD is caused by plaque buildup in the peripheral vessels. The gold standard definition is having an ankle-brachial index (ABI) of less than 0.90, with leg pain on exertion called intermittent claudication in those with an ABI below that threshold.

This study has been approved by the Institutional Review Board of the First Affiliated Hospital of Chongqing Medical University. As the research is based on publicly available data, no special permission is required.



2.2 Joinpoint regression analysis

The Joinpoint regression model is a set of linear statistical models (10) used to assess the trends in disease burden caused by lower extremity PAD over time. The model uses the least squares method to estimate the patterns of disease rate changes, effectively avoiding the subjectivity that traditional trend analysis based on linear trends may bring. This method calculates the sum of squares of the residuals between the estimated and actual values, allowing the model to identify significant change points.

We used Joinpoint software (version 4.9.1.0, developed by the National Cancer Institute in Rockville, Maryland, USA) to construct this model. Each p-value is obtained using the Monte Carlo method, and the overall asymptotic significance level is maintained through Bonferroni correction. The Average annual percentage change (AAPC) (Equation 3) is calculated as the geometric weighted average of various annual percentage change values in the regression analysis. Typically, a p-value less than 0.05 is considered statistically significant.
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AAPC is typically calculated using a log-linear regression model. Firstly, time series data (such as incidence or mortality rates) are log-transformed, and time is used as the independent variable in the regression to obtain the regression coefficient (β1).



2.3 Age-period-cohort (APC) analysis

Over the past 80 years, the APC model has been widely applied in the fields of sociology and epidemiology. The APC model, based on the Poisson distribution, can reflect the temporal trends of diseases by age, period, and cohort, as well as after adjusting for age, period, and cohort. However, the perfect collinearity between age, period, and cohort makes it difficult to estimate a unique set of influences for each, thus, the problem of non-identifiability may still persist. We employ an APC model analysis technique explained by Carstensen (11) from the Lexis diagram, to visually express the impact of age groups, period intervals, and birth cohort intervals on incidence and mortality rates. We then use the Intrinsic Estimator (IE) method (12) to visually express the impact of individual factors on incidence and mortality rates. The Intrinsic Estimator method resolves the collinearity issue through zero constraints. We inquired about the incidence and mortality rates for every 5-year age group from 1990 to 2021 according to the GBD, as well as the annual population estimates. The GBD groups those under 5 years old and over 95 years old into one category. For APC model fitting, age groups are defined as 0–4, 5–9, 10–14.0.95–100. In the graph, 0 represents the group under 5 years old. The 5-year periods are represented as (1992–1996, 1997–2001.0.2017–2021).

The APC_IE model is analyzed using Stata/MP software (version 15.0, StataCorp, College Station, TX, USA). Additionally, R software (version 4.3.3, R Foundation, Vienna, Austria) with the ‘Epi’ and ‘ggplot2’ packages is utilized for visualization.



2.4 Autoregressive integrated moving average (AMIRA) predictive analysis

The ARIMA model can be used for predictive analysis to estimate the burden of disease (8). The ARIMA model adopts the form ARIMA (p, d, q) × (P, D, Q). Parameters d (the degree of differencing) and D (the moving average) are the numbers of differences required for stabilizing the time series. Parameters p (the order of autoregression) and q (the order of the moving average) are simple numeric parameters. Parameters P (seasonal autoregression) and Q (seasonal differencing) are seasonal parameters, and s is the length of the seasonal cycle. The detailed model construction process and explanation have been elaborated in previous studies (13). We used the auto.arima function in the ‘forecast’ R package to automatically fit the optimal ARIMA model. The R package is publicly available on GitHub,2 and then the ‘ggplot2’ R package is used for visualization.

The analysis is conducted using R software (version 4.3.3, R Foundation, Vienna, Austria).




3 Results


3.1 Descriptive analysis

In China, in 2021, there were 2,447,372 (95% CI: 2,109,991 to 2,854,291) new cases and 2,332 (95% CI: 1,808 to 2,954) deaths attributed to lower extremity PAD. The age-standardized rates for lower extremity PAD in 2021, including age-standardized prevalence (ASPR), incidence (ASIR), mortality (ASMR), DALYs, YLDs, and YLLs, were 1331.13 cases (95% CI: 1147.49 to 1544.17) per 100,000, 112.66 new cases (95% CI: 97.75 to 130.73) per 100,000, 0.13 deaths (95% CI: 0.10 to 0.16) per 100,000, 8.36 DALYs (95% CI: 4.87 to 14.33) per 100,000, 6.35 YLDs (95% CI: 3.01 to 12.61) per 100,000, 2.01 YLLs (95% CI, 1.54 to 2.54) per 100,000. The specific results are shown in Table 1, which lists the disease burden by gender. As shown in Figure 1, it displays the number and age-standardized rates of prevalence, incidence, and mortality for different age groups of lower extremity PAD in 2019 (A, C, E for numbers; B, D, F for rates). In terms of prevalence, the rate shows a gradually increasing trend with age. Among them, the number and rate of disease in women are consistently higher than in men, at all ages. In terms of incidence, it shows an increasing trend with age. Among them, the incidence rate in women peaks between 70 to 79 years old and then shows a decreasing trend, but it remains higher than in men. Surprisingly, in terms of mortality, the male death rate increases progressively with age between 40 to 95 years and remains consistently higher than in women. Until after the age of 95, the male death rate drops significantly, and a phenomenon where the female death rate exceeds that of males for the first time occurs. The age-standardization rates of DALYs, YLDs, and YLLs show similar trends across genders and age groups (see Supplementary Figure 1).



TABLE 1 All-age cases and age-standardized prevalence, incidence, deaths, YLLs, YLDs, and DALYs rates in 2021 for PAD in China.
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FIGURE 1
 Age-specific numbers and age-standardized prevalence, incidence, and mortality rates of PAD in China, 2021. (A) Age-specific prevalence number. (B) Age-standardized prevalence rate. (C) Age-specific incidence number. (D) Age-standardized incidence rate. (E) Age-specific mortality number. (F) Age-standardized mortality rate.


From 1990 to 2021, the age-standardized prevalence rate (ASPR) per 100,000 people increased from 1250.85 to 1331.13. The age-standardized incidence rate (ASIR) per 100,000 people increased from 109.57 to 112.66. The age-standardized mortality rate (ASMR) per 100,000 people increased from 0.1 to 0.13. Concurrently, age-standardized DALYs, YLDs, and YLLs all showed varying degrees of increase. For details, see Supplementary Table 1. Figure 2 illustrates the trends in prevalence (A), incidence (B), mortality (C), and the number of cases. With the increase in years, the growth in incidence and prevalence rates has shown a slow trend. However, the number of cases has shown a rapidly increasing trend, especially among females. While the mortality rate generally fluctuates with calendar years, male mortality rates reached their peak around 2010 and then showed a declining trend, whereas female mortality rates reached their peak around 2004 and then showed a declining trend. Regardless of mortality rates or the number of deaths, males consistently had higher rates than females over the 30-year period. The trends in DALYs, YLDs, and YLLs over the years are similar; for details, see Supplementary Figure 2.
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FIGURE 2
 Trends in the all-age cases and age-standardized incidence, mortality, and DALYs rates of IBD by sex from 1990 to 2021. (A) Prevalence number and rate. (B) Incidence number and rate. (C) Mortality number and rate.




3.2 Joinpoint regression analysis

Figure 3 illustrates the APC and AAPC changes in the disease burden of lower extremity PAD in China from 1990 to 2021. In terms of ASPR (A), the results indicate a significant upward trend from 1990 to 1994, followed by a moderation in the upward trend from 1994 to 2009. A downward trend from 2009 to 2017 was followed by an upturn from 2017 to 2021, with an overall increasing trend. The overall trend is upward with an AAPC of 0.19 (95% CI: 0.16–0.23). Among them, males (M) showed the largest increase (AAPC = 0.32, 95% CI: 0.27–0.36), but experienced a downward trend from 2009 to 2021. For females (G), aside from a slow downward trend from 2008 to 2016 (APC = −0.45, 95% CI: −0.50 to −0.39), an upward trend was observed in other years.
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FIGURE 3
 Joinpoint regression analysis of the sex-specific age-standardized incidence rate for PAD in China from 1990 to 2021.


In terms of ASIR (B), the results show a similar increasing trend from 1990 to 2005 in both sexes as observed with ASPR. There was a decreasing trend from 2005 to 2018, followed by a slight rebound from 2018 to 2021. Overall, there is a modest upward trend (AAPC = 0.08, 95% CI: 0.06–0.11). Among them, males (N) had the largest increase (AAPC = 0.20, 95% CI: 0.17–0.24). Surprisingly, the annual average rate of change is 2.5 times that of the average for both sexes and 4 times that of females (H).

In terms of ASMR (C), the results show significant fluctuations from 1990 to 2021, but an overall increasing trend with an AAPC of 0.73 (95% CI: 0.50–0.96). Among them, males (N) had the largest increase with an AAPC of 1.00 (95% CI: 0.70–1.30), especially from 2007 to 2010, with an APC of 5.11 (95% CI: 3.18–7.08). In terms of DALYs (D, J, P), the results show a decreasing trend in both sexes with an AAPC of −0.24 (95% CI: −0.30 to −0.18). However, an increasing trend is observed in males with an AAPC of 0.13 (95% CI: 0.01–0.26).

In terms of YLDs (E, K, R), the results show a decreasing trend from 1990 to 2021 in both sexes with an AAPC of −0.43 (95% CI: −0.46 to −0.40). In terms of YLLs (F, L, S), the results show an increasing trend in both sexes with an AAPC of 0.47 (95% CI: 0.30–0.64). Among them, the annual average rate of change for males is more than 14 times that of females. Detailed data are presented in the Supplementary Table 2.



3.3 The effects of age, period, and cohort on incidence and mortality rates

Figure 4A presents the trends in age-specific incidence rates during the years 1992, 1997, 2002, 2007, 2012, and 2017. The incidence rate of disease increases rapidly from ages 40 to 80 and then shows a gradual decline thereafter. Figure 4B describes the cohort trends in the incidence of lower extremity PAD across different age groups. Figure 4C describes the trends in the incidence of lower extremity PAD across different age groups from 1992 to 2021. The incidence rate for all age groups shows a slight increasing and then decreasing trend over time. Moreover, the incidence rate is higher in the older adult. Figure 4D describes the changes in incidence rates based on specific age cohorts. The incidence rate of lower extremity PAD increases with age. However, no significant differences are observed after the age of 80. The variations in incidence rates by age, period, and cohort for males and females are shown in the Supplementary Figures 3, 4.
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FIGURE 4
 Incidence rates of PAD in China. (A) The age-specific incidences rates of PAD according to time periods; each line connects the age-specific incidence for a 5-year period. (B) The age-specific incidences rates of PAD according to birth cohort; each line connects the age-specific incidence for a 5-year cohort. (C) The period-specific incidence rates of PAD according to age groups; each line connects the birth cohort-specific incidence for a 5-year age group. (D) The birth cohort-specific incidence rates of PAD according to age groups; each line connects the birth cohort-specific incidence for a 5-year age group.


Figure 5A displays the trends in age-specific mortality rates during the periods of 1992, 1997, 2002, 2007, 2012, and 2017. Mortality rates increase rapidly from age 40 to 90, and although they continue to rise after age 90, the pace slows down. Figure 5B describes the cohort trends in mortality rates of lower extremity PAD across different age groups. Figure 5C describes the trends in mortality rates of lower extremity PAD across different age groups from 1992 to 2021. Moreover, the incidence rate is higher in the older adult. Figure 5D describes the changes in mortality rates based on specific age cohorts. The mortality rate of lower extremity PAD increases with age. The variations in mortality rates by age, period, and cohort for males and females are presented in the Supplementary Figures 5, 6.
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FIGURE 5
 Mortality rates of PAD in China. (A) The age-specific mortality rates of PAD according to time periods; each line connects the age-specific mortality for a 5-year period. (B) The age-specific mortality rates of PAD according to birth cohorts; each line connects the age-specific mortality for a 5-year cohort. (C) The period-specific mortality rates of PAD according to age group; each line connects the birth cohort-specific mortality for a 5-year age group. (D) The birth cohort-specific mortality rates of PAD according to age groups; each line connects the birth cohort-specific mortality for a 5-year age group.


Figure 6 illustrates the effects of age, period, and birth cohort on the incidence of lower extremity PAD (as shown in Figure 6A and Supplementary Table 3) and mortality rates (as shown in Figure 6B and Supplementary Table 4) to facilitate comparison among these effects. The age effect on the incidence of lower extremity PAD shows an increasing trend up to age 75, and then shows a decreasing trend after age 75, indicating that the risk of onset continues to rise with age up to 75, but slightly declines thereafter. The period effect indicates a continuous increase in the risk of onset with each passing year. The cohort effect suggests that later birth cohorts have a lower risk of onset compared to earlier ones. For mortality rates, the age effect indicates a continuous increase in risk with age, and the period effect shows a continuous increase in mortality risk over the years. The cohort effect indicates that later birth cohorts have a lower mortality risk compared to earlier ones.

[image: Figure 6]

FIGURE 6
 Estimated age-period-cohort effects for incidence (A) and mortality (B) of PAD in China (1992–2021).




3.4 ASIR and ASMR prediction of lower extremity peripheral arterial disease in men and women at 15 years

As shown in Figure 7, future 15-year trend predictions were made for both male and female ASIR (A, B) and ASMR (C, D). In males, the optimal model chosen for ASIR is ARIMA (2, 2, 0) with AICc = −45.34 and RSME = 0.097. The optimal model chosen for ASMR is ARIMA (0, 1, 1) with drift, with AICc = −267.36 and RSME = 0.003. In females, the optimal model chosen for ASIR is ARIMA (1, 2, 0) with AICc = 14.65 and RSME = 0.279. The optimal model chosen for ASMR is ARIMA (2, 0, 0) with non-zero mean, with AICc = −295.72 and RSME = 0.002. All indicate that the model fits are relatively good and the predictive performance is quite accurate. The results suggest that the ASIR for lower extremity PAD in Chinese males will continue to decline over the next 15 years, while females will show a more stable trend. Surprisingly, the ASMR for males is expected to continue increasing over the next 15 years, while females will show a slight decrease.
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FIGURE 7
 ARIMA model projections of age-standardized incidence rate (A,B) and age-standardized mortality rate (C,D) for the next 15 years from 2021.





4 Discussion

This study examines the trends in the burden of lower extremity PAD in China over the past 30 years and uses the ARIMA model to predict the ASIR and ASMR for males and females over the next 15 years. To our knowledge, this is the first epidemiological analysis to use the 2021 GBD database for lower extremity PAD in China with Joinpoint regression combined with the APC_IE model and ARIMA forecasting model. According to the previous 2019 GBD database, Chen et al. (14) published an epidemiological analysis of the global burden of atherosclerotic diseases, which only included partial results of the annual average change rate analysis of lower extremity PAD in China, differing from our results. Previous studies have found that some data differ with updates to the GBD database (15). However, insufficient analysis and differing data can lead to serious misunderstandings about the trends in the burden of lower extremity PAD in China among researchers. Therefore, conducting an in-depth analysis with the most recent data is particularly crucial.

Joinpoint regression analysis revealed that the increase in age-standardized prevalence rates from 1990 to 2021 was partly due to the decline in DALYs and YLDs, coupled with an increase in age-standardized incidence, mortality rates, and YLLs. The prevalence and incidence rates experienced a turning point around 2005, showing a declining trend, which may be influenced by advancements in medical technology and disease understanding (16, 17). This has effectively controlled the number of new cases and prevalent cases. However, the overall burden of lower extremity PAD in China still shows an increasing trend, which may be attributed to the rapid economic development and rapid changes in the social environment in China (18). Previous studies indicate that despite similar treatment patterns for PAD in China and Western countries, the awareness, treatment, and control rates of PAD among the general population in China are significantly lower. Data shows that only 4.9% of PAD patients in China are aware of their condition, only 1.9% have undergone revascularization, and only 0.2% of individuals achieved an ankle-brachial index greater than 0.9 (19). According to data from the Chinese National Clinical Research Center for Geriatric Diseases, the average hospitalization cost per PAD patient from 2008 to 2018 was 76,469.40 RMB (20). Although this is similar to the United States (21), China, as the world’s largest developing country, still faces a series of challenges such as unbalanced and insufficient regional development and large income disparities among residents. Therefore, as the world’s largest lower-middle-income country, the disease burden brought by lower extremity PAD in China remains relatively heavy (22).

Age effect is identified as a risk factor for lower extremity PAD in the constructed APC model. As shown in our results, the disease is common in people over the age of 40 (4). The results also indicate that among the age group of 40 to 95, females have higher prevalence and incidence rates than males, and mortality rates also show gender differences. This is consistent with previous research observations (23). The prevalence and incidence rates peak in the age group of 65–74, while mortality rates surge in the age group of 80–90, which is in line with global trends (4, 24). Relevant studies estimate that by 2050, China will have 400 million residents over the age of 65 (25). With the aging of the Chinese population, the high mortality and high YLLs rates among existing older adult PAD patients will likely alter the Chinese population structure or reduce life expectancy (26). An increase in the older adult population will lead to an increase in the number of patients, posing a significant challenge to China’s future healthcare system. PAD can cause significant trauma and disability, and it is estimated to cause $84 to $380 billion in losses to the U. S. economy annually (22). China may also face similar economic losses, which will not only hinder the modernization process of China’s economy but may also exacerbate regional economic imbalances (27, 28). Therefore, the prevention and control of PAD is not only related to public health but also an important issue in achieving sustainable socio-economic development.

Period effects are often influenced by a range of complex historical and environmental factors, such as war, economic crises, infectious disease epidemics, public health interventions, and socio-economic development. Although relevant studies have identified risk factors associated with the development of lower extremity PAD, such as tobacco consumption (4, 29), rapid industrialization has created an economic miracle for China but has also led to certain environmental pollution, posing new challenges to public health (30). Studies have shown that elevated levels of certain metals in urine are associated with a higher risk of PAD and have provided possible biological explanations (31). In addition, the increase in global plastic production and consumption has led to environmental pollution issues, including microplastics (32, 33). Studies have confirmed that bisphenol A (BPA), one of the chemical raw materials for plastic products, is significantly associated with the onset of PAD in urine, and this association is independent of traditional cardiovascular disease (CVD) risk factors (34). In addition, it has been found that plastic particles are not only present in human blood but also have a certain correlation with atherosclerosis (35). Although there is still relatively little research in this area, it provides a reasonable explanation for our research findings. Faced with the environmental degradation caused by rapid economic development, the Chinese government has clearly proposed strategic guidelines centered on sustainable development and high-quality growth (36, 37). This policy orientation aims to optimize industrial structures, promote green technological innovation, strengthen environmental regulation, and other measures to achieve coordinated development of economic growth and environmental protection. It is expected that the implementation of these policies will have a positive impact on improving environmental conditions in the future, promoting the long-term stability and healthy development of socio-economic conditions.

Cohort effects refer to the significant differences that may emerge among groups born in the same or similar time periods due to various social and environmental factors experienced throughout an individual’s life from birth to old age. This phenomenon indicates that members of different birth cohorts may exhibit different characteristics and trends in physiology, psychology, and social behavior due to their specific historical period backgrounds. Therefore, cohort effects emphasize the importance of considering an individual’s birth time and era background when studying population health, social changes, and behavioral patterns (38, 39). The study results show that cohorts born more recently have a lower risk of disease and death compared to those born earlier. Possible explanations for the differences among individual groups revealed by cohort effects are multifaceted. First, advancements and innovations in medical technology may significantly impact population health (40). Second, improvements in dietary conditions and changes in nutrition intake may also affect the physiological health of different birth cohorts (41). Furthermore, adjustments in national policies, such as those in healthcare, may also differentially affect individuals from different cohorts (42). Lastly, changes in lifestyle, including work patterns, leisure activities, and social habits, may also significantly differ among cohorts (43). These factors collectively shape the unique characteristics of different cohort members, thus creating observable differences among groups.

The ARIMA forecast analysis indicates that over the 15 years from 2021 to 2036, the ASIR and ASDR for lower extremity PAD in Chinese females are expected to remain stable, but no significant decline is anticipated. For Chinese males, the ASIR for lower extremity PAD is expected to decrease, while the ASDR shows a gradual increasing trend. This forecast suggests that the focus on and intervention needs for male PAD patients may further increase in the future.

The study has several limitations. Firstly, the estimated data based on complex statistical models may have certain uncertainties and inaccuracies. Secondly, the predictions of this study are limited to the burden trends of ASIR and ASDR and do not cover other aspects of the PAD disease burden, such as disability-adjusted life years (DALYs). Furthermore, due to China’s vast territory and diverse ethnic groups, there may be significant epidemiological differences between provinces and ethnic groups, but the data available to assess these differences is relatively limited, which may affect the generalizability of the study’s results to some extent.

Despite these limitations, this study utilizes the latest Global Burden of Disease (GBD) data, combined with advanced statistical models, to provide valuable forecasts on the future trends of lower extremity PAD disease burden in China. These forecast results can provide a scientific basis for public health decision-makers and healthcare providers to develop relevant policies and intervention measures, particularly in focusing on and intervening with male PAD patients, in order to mitigate the impact of PAD on China’s socio-economic and public health.



5 Conclusion

This epidemiological analysis is based on the latest 2021 Global Burden of Disease (GBD) data, revealing a significant increase in the number of lower extremity PAD patients in China over the past three decades. The study employs rigorous statistical modeling and forecasting techniques, indicating that PAD poses a significant public health challenge to the healthcare system, with significant impacts on both disability and mortality rates. Despite advancements in medical technology and increased public awareness, PAD remains a significant burden on the healthcare system. Future disease burden trend forecasts show a continued increase, which could place immense pressure on healthcare resources. Therefore, there is an urgent need for a multifaceted intervention approach, including clinical treatment strategies and public health measures such as lifestyle changes, risk factor control, and public education programs, to alleviate the disease burden of PAD. The forecasted trend for the next 15 years indicates that without effective measures, the disease burden of PAD may further increase, placing greater pressure on healthcare resources. Therefore, there is an urgent need for a comprehensive approach to managing PAD, including medical policy and community engagement, to effectively address this growing public health issue.



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.



Ethics statement

Ethical approval was not required for the study involving humans in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and the institutional requirements.



Author contributions

CZ: Software, Writing – original draft, Writing – review & editing. MC: Writing – original draft, Writing – review & editing. XH: Visualization, Writing – review & editing. HL: Visualization, Writing – review & editing. JW: Visualization, Writing – review & editing. EL: Visualization, Writing – review & editing. LX: Visualization, Writing – review & editing. HD: Visualization, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



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.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



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.2025.1506748/full#supplementary-material



Footnotes

1   https://vizhub.healthdata.org/gbd-results/

2   https://github.com/robjhyndman/forecast



References

 1. Polonsky, TS, and McDermott, MM. Lower extremity peripheral artery disease without chronic limb-threatening ischemia: a review. JAMA. (2021) 325:2188–98. doi: 10.1001/jama.2021.2126 

 2. Sheng-Shou, HU, Writing Committee of the Report on Cardiovascular Health and Diseases in China. Report on cardiovascular health and diseases in China 2021: an updated summary. J Geriatr Cardiol. (2023) 20:399–430. doi: 10.26599/1671-5411.2023.06.001 

 3. Reis, PEO, de Carvalho, LP, Yasumura, E, da Silva, FH, Garcia, BC, Beutel, A , et al. Impact of angiogenic therapy in the treatment of critical lower limb ischemia in an animal model. Vasc Endovasc Surg. (2014) 48:207–16. doi: 10.1177/1538574413518119

 4. Fowkes, FGR, Rudan, D, Rudan, I, Aboyans, V, Denenberg, JO, McDermott, MM , et al. Comparison of global estimates of prevalence and risk factors for peripheral artery disease in 2000 and 2010: a systematic review and analysis. Lancet. (2013) 382:1329–40. doi: 10.1016/S0140-6736(13)61249-0 

 5. Aday, AW, and Matsushita, K. Epidemiology of peripheral artery disease and Polyvascular disease. Circ Res. (2021) 128:1818–32. doi: 10.1161/CIRCRESAHA.121.318535 

 6. Song, P, Rudan, D, Wang, M, Chang, X, and Rudan, I. National and subnational estimation of the prevalence of peripheral artery disease (PAD) in China: a systematic review and meta-analysis. J Glob Health. (2019) 9:010601. doi: 10.7189/jogh.09.010601 

 7. Gao, X, Tong, Z, Wu, Y, Guo, L, Gu, Y, and Dardik, A. Similarities and differences in peripheral artery disease between China and Western countries. J Vasc Surg. (2021) 74:1417–1424.e1. doi: 10.1016/j.jvs.2021.03.030 

 8. Wagner, B, and Cleland, K. Using autoregressive integrated moving average models for time series analysis of observational data. BMJ. (2023) 383:2739. doi: 10.1136/bmj.p2739 

 9. GBD 2021 Forecasting Collaborators. Burden of disease scenarios for 204 countries and territories, 2022-2050: a forecasting analysis for the global burden of disease study 2021. Lancet. (2024) 403:2204–56. doi: 10.1016/S0140-6736(24)00685-8 

 10. Kim, H-J, Chen, H-S, Byrne, J, Wheeler, B, and Feuer, EJ. Twenty years since Joinpoint 1.0: two major enhancements, their justification, and impact. Stat Med. (2022) 41:3102–30. doi: 10.1002/sim.9407 

 11. Carstensen, B. Age-period-cohort models for the Lexis diagram. Stat Med. (2007) 26:3018–45. doi: 10.1002/sim.2764 

 12. Liu, X, Yu, C, Bi, Y, and Zhang, ZJ. Trends and age-period-cohort effect on incidence and mortality of prostate cancer from 1990 to 2017 in China. Public Health. (2019) 172:70–80. doi: 10.1016/j.puhe.2019.04.016 

 13. Wang, M, Jiang, Z, You, M, Wang, T, Ma, L, Li, X , et al. An autoregressive integrated moving average model for predicting varicella outbreaks - China, 2019. China CDC Wkly. (2023) 5:698–702. doi: 10.46234/ccdcw2023.134 

 14. Chen, W, Li, Z, Zhao, Y, Chen, Y, and Huang, R. Global and national burden of atherosclerosis from 1990 to 2019: trend analysis based on the global burden of disease study 2019. Chin Med J. (2023) 136:2442–50. doi: 10.1097/CM9.0000000000002839 

 15. Zhang, Y, Liu, J, Han, X, Jiang, H, Zhang, L, Hu, J , et al. Long-term trends in the burden of inflammatory bowel disease in China over three decades: a joinpoint regression and age-period-cohort analysis based on GBD 2019. Front Public Health. (2022) 10:994619. doi: 10.3389/fpubh.2022.994619 

 16. Guo, W, Song, C, Bao, J, Xia, S, Zhang, L, Wang, K , et al. A novel endovascular robotic system for treatment of lower extremity peripheral arterial disease: first-in-human experience. J Endovasc Ther. (2023) 32:18–28. doi: 10.1177/15266028231182027

 17. Yang, S-L, Zhu, L-Y, Han, R, Sun, L-L, Li, J-X, and Dou, J-T. Pathophysiology of peripheral arterial disease in diabetes mellitus. J Diabetes. (2017) 9:133–40. doi: 10.1111/1753-0407.12474 

 18. Kroeber, AR. China’s economy: what everyone needs to know®. New York: Oxford University Press. (2020). doi: 10.1093/wentk/9780190946470.001.0

 19. Wang, Z, Wang, X, Hao, G, Chen, Z, Zhang, L, Shao, L , et al. A national study of the prevalence and risk factors associated with peripheral arterial disease from China: the China hypertension survey, 2012-2015. Int J Cardiol. (2019) 275:165–70. doi: 10.1016/j.ijcard.2018.10.047 

 20. Guo, J, Guo, L, Dardik, A, Tong, Z, Xing, Y, Cai, Z , et al. Analysis of 17 years of surgical treatment for chronic limb ischemia in a Chinese National Clinical Center for geriatric disorders (2002 to 2018). Int J Cardiol. (2020) 318:39–42. doi: 10.1016/j.ijcard.2020.06.016 

 21. Valero-Elizondo, J, Salami, JA, Osondu, CU, Ogunmoroti, O, Arrieta, A, Spatz, ES , et al. Economic impact of moderate-vigorous physical activity among those with and without established cardiovascular disease: 2012 medical expenditure panel survey. J Am Heart Assoc. (2016) 5:e003614. doi: 10.1161/JAHA.116.003614 

 22. Fowkes, FG, Forster, RB, Levin, CE, Naidoo, NG, Roy, A, Shu, C , et al. Prioritization of treatments for lower extremity peripheral artery disease in low- and middle-income countries. Int Angiol. (2017) 36:203–15. doi: 10.23736/S0392-9590.16.03716-0 

 23. Cartland, SP, Stanley, CP, Bursill, C, Passam, F, Figtree, GA, Patel, S , et al. Sex, endothelial cell functions, and peripheral artery disease. Int J Mol Sci. (2023) 24:17439. doi: 10.3390/ijms242417439 

 24. Vogt, MT, Wolfson, SK, and Kuller, LH. Lower extremity arterial disease and the aging process: a review. J Clin Epidemiol. (1992) 45:529–42. doi: 10.1016/0895-4356(92)90102-s 

 25. Fang, EF, Scheibye-Knudsen, M, Jahn, HJ, Li, J, Ling, L, Guo, H , et al. A research agenda for aging in China in the 21st century. Ageing Res Rev. (2015) 24:197–205. doi: 10.1016/j.arr.2015.08.003 

 26. Vaupel, JW, and Yashin, AI. Targeting lifesaving: demographic linkages between population structure and life expectancy. Eur J Popul. (1987) 2:335–60. doi: 10.1007/BF01796596 

 27. Jiang, T-B, Deng, Z-W, Zhi, Y-P, Cheng, H, and Gao, Q. The effect of urbanization on population health: evidence from China. Front Public Health. (2021) 9:706982. doi: 10.3389/fpubh.2021.706982 

 28. Guo, Y. Evolution and stages of China's economic inequality from 1978 to 2018. PLoS One. (2023) 18:e0288873. doi: 10.1371/journal.pone.0288873 

 29. Agarwal, S. The association of active and passive smoking with peripheral arterial disease: results from NHANES 1999-2004. Angiology. (2009) 60:335–45. doi: 10.1177/0003319708330526 

 30. Chen, Y, Zhu, Z, and Cheng, S. Industrial agglomeration and haze pollution: evidence from China. Sci Total Environ. (2022) 845:157392. doi: 10.1016/j.scitotenv.2022.157392 

 31. Navas-Acien, A, Silbergeld, EK, Sharrett, R, Calderon-Aranda, E, Selvin, E, and Guallar, E. Metals in urine and peripheral arterial disease. Environ Health Perspect. (2005) 113:164–9. doi: 10.1289/ehp.7329 

 32. Oliveri Conti, G, Ferrante, M, Banni, M, Favara, C, Nicolosi, I, Cristaldi, A , et al. Micro- and nano-plastics in edible fruit and vegetables. The first diet risks assessment for the general population. Environ Res. (2020) 187:109677. doi: 10.1016/j.envres.2020.109677 

 33. Ragusa, A, Svelato, A, Santacroce, C, Catalano, P, Notarstefano, V, Carnevali, O , et al. Plasticenta: first evidence of microplastics in human placenta. Environ Int. (2021) 146:106274. doi: 10.1016/j.envint.2020.106274 

 34. Shankar, A, Teppala, S, and Sabanayagam, C. Bisphenol a and peripheral arterial disease: results from the NHANES. Environ Health Perspect. (2012) 120:1297–300. doi: 10.1289/ehp.1104114 

 35. Liu, S, Wang, C, Yang, Y, Du, Z, Li, L, Zhang, M , et al. Microplastics in three types of human arteries detected by pyrolysis-gas chromatography/mass spectrometry (Py-GC/MS). J Hazard Mater. (2024) 469:133855. doi: 10.1016/j.jhazmat.2024.133855 

 36. Chen, X, Giles, J, Yao, Y, Yip, W, Meng, Q, Berkman, L , et al. The path to healthy ageing in China: a Peking University-lancet commission. Lancet. (2022) 400:1967–2006. doi: 10.1016/S0140-6736(22)01546-X 

 37. Han, J, Zheng, Q, Xie, D, Muhammad, A, and Isik, C. The construction of green finance and high-quality economic development under China's SDGs target. Environ Sci Pollut Res Int. (2023) 30:111891–902. doi: 10.1007/s11356-023-28977-w 

 38. Janssen, F, and Kunst, AE. Cohort patterns in mortality trends among the elderly in seven European countries, 1950-99. Int J Epidemiol. (2005) 34:1149–59. doi: 10.1093/ije/dyi123 

 39. Yang, Y. Trends in U.S. adult chronic disease mortality, 1960-1999: age, period, and cohort variations. Demography. (2008) 45:387–416. doi: 10.1353/dem.0.0000 

 40. Wu, S-W, Pan, Q, Chen, T, Ge, Y-Y, Luo, J, and Wang, Q. Development and evolution of medical technology management in China. Chin Med J. (2019) 132:1739–41. doi: 10.1097/CM9.0000000000000314 

 41. Yang, G-Y, Lin, X-L, Fang, A-P, and Zhu, H-L. Eating habits and lifestyles during the initial stage of the COVID-19 lockdown in China: a cross-sectional study. Nutrients. (2021) 13:970. doi: 10.3390/nu13030970 

 42. Husain, L, and Bloom, G. Understanding China's growing involvement in global health and managing processes of change. Glob Health. (2020) 16:39. doi: 10.1186/s12992-020-00569-0 

 43. Si, Y, Hanewald, K, Chen, S, Li, B, Bateman, H, and Beard, JR. Life-course inequalities in intrinsic capacity and healthy ageing, China. Bull World Health Organ. (2023) 101:307–316C. doi: 10.2471/BLT.22.288888 


Copyright
 © 2025 Zhang, Chen, Huang, Lu, Wang, Liu, Xiao and Deng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		A trend analysis of the burden of lower extremity peripheral arterial disease in China, 1990 to 2021: based on the Global Burden of Disease Study 2021



		1 Introduction



		2 Methods



		2.1 Overview



		2.2 Joinpoint regression analysis



		2.3 Age-period-cohort (APC) analysis



		2.4 Autoregressive integrated moving average (AMIRA) predictive analysis









		3 Results



		3.1 Descriptive analysis



		3.2 Joinpoint regression analysis



		3.3 The effects of age, period, and cohort on incidence and mortality rates



		3.4 ASIR and ASMR prediction of lower extremity peripheral arterial disease in men and women at 15 years









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/fpubh-13-1506748-t001.jpg
Measure All-ages cases Age-standardized rates per
100,000 people

Female Male Female Male

28,474,886 20,790,704 7,684,182 133113 185494 747.8

Prevalence
(24,446553,33,220,180) | (17849,89024184,371)  (65242639027,019)  (114749,1544.17)  (1596.94214861) | (641.62,868.51)

2447372 1740972 155.62 67.49

Incidence 706,400 (607.066,830,957) | 112.66 (97.75,130.73)
(2,109,991,2,854,291) (1,500,126,2,028,607) (134.88,180.26) (58.71,78.53)

Deaths 2,332 (1808,2954) 961 (717,1,217) 1,371 (963,1851) 0.13(0.1,0.16) 0.1(0.07,0.12) 0.18(0.13,0.24)
DALYs 171,757 (99,158,301,528) 114748 (60.714215,456) 57,009 (37.840.86,959)  836(487,1433)  1035(5521906) 6.6 (4.149.1)
YLDs 132,593 (63,047,268917) | 99752 (47,293,201,929) | 32840 (1547265398)  635(30L1261)  892(4231778) | 331(1.56648)
YiLs 39,164 (29,897,49,968) 14,996 (11,143,19,138) 24,168 (16,880,33,045) 201(1.54,254) 142(106182) | 275(1933.72)

DALYs, Disability-Adjusted Life Years; YLDs, Years Lived with Disability; YLLs, Years of Life Lost.





OPS/images/fpubh-13-1506748-g007.jpg
A ASIR of Male

ASIR

C

80

70

60

50

04

0.0

/\\

1990 2000 2010 2020 2030
Year
ASMR of Male

1990 2000 2010 2020 2030
Year

Type
== Actual

= Forecast

Type
== Actual

= Forecast

B ASIR of Female

200

180 Type
z Ac |
0 160 |-/ m—— = Actual
< feccccciceiicee)

= Forecast
140
120
1990 2000 2010 2020 2030
Year

D ASMR of Female

0.150

0.125

Type

% yPpe
3 0100 /’\/\/—_ = Actual
< — Forecast

0.075

0.050

1990 2000 2010 2020 2030

Year





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

A trend analysis of the burden of
lower extremity peripheral arterial
disease in China, 1990 to 2021:
based on the Global Burden of
Disease Study 2021












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






OPS/images/fpubh-13-1506748-g002.jpg
-
.

F/%Mﬁ e
15





OPS/images/fpubh-13-1506748-g003.jpg





OPS/images/fpubh-13-1506748-e003.jpg
AAPC=(e"-1)x100% ()





OPS/images/fpubh-13-1506748-g001.jpg
A

[

o5~
wo-os-
o-ae
510
877
e
s5-s0-
st
5o
e

o
wa
pool
-
L3
ool
o
o]
il

051

1.

as-e0-
s
550
s
a0

sox
I e
W s

I o
-

e

j -

04 4540 sose 5650 oea es'en 70'7e 7570 co'es 85'80 s0len o6
Age

[ep—-

The e o Doths
il §
i

04 a5%e0 solse sslsn co'es 65'00 7074 75179 0% 8509 004 G

‘Age






OPS/images/fpubh-13-1506748-g006.jpg
Effect
B age
- period
5 cohort

cohort

period

sseesip [eyiele [esoudiied AJBIXe JOMOT J0 [SPOW DY 10} SIUSIAS0D

«
%
%
3
%
%
3

SESES.

&

9%
S

Effect
B e
B oo
& cohort

cohort
S\
3
S

period
.@@.
&
&

aseasip [elis) e [eloydiiad AJLUBIIXS JOMOT J0 [9pOW Dy 10} SIUSIAE0D





OPS/images/fpubh-13-1506748-g004.jpg
Lg @
_ i
" A
be £
Fs
g§888 8 8 ] g g§gg8g ¢ 8 g g
(e1doad 000'001 43d) S0UBPIOUI J0 31RY (a1doad 000'00L Jad) Sousproul o ey
B L
&
le £
%
re
§288 8 8 8 E 5888 § § & s

(e1doed 000’001 J6d) S0UBPIU] JO BIRY

(ordoad 000001 J0d) OUSPIOU J0 OIRY

1960

1040

1920

1900

00 205 2000 201

1995

Bith cohort

Date of diagnosis





OPS/images/fpubh-13-1506748-g005.jpg
500 -

(edosd 0001001 ) suaq o eieas

010 -

002 -

e

1052

500 -

0001 50d) s

010
005 -

1850 o o1

&

002

001 -

Age group

Age group

1040

1920

1000

500 -

T T
8 8 8§

002 -

001 -

,,
8 e 8
(eKosd 000'001 42d) suieaq o 1y

r&

L8

&

HEEENEE R

2

(oKdoad 000'001 Jod) SUIERQ o

Bith cohort

Date of diagnosis





OPS/images/fpubh-13-1506748-e001.jpg
DALYs = YLLs + YLDs )





OPS/images/fpubh-13-1506748-e002.jpg
)





