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Background: An understanding of the epidemiologic patterns of peripheral artery disease is essential in public health policy-making. We aimed to assess secular trends in the epidemiologic patterns and risk factors of peripheral artery disease from 1990 to 2019 in China.

Materials and methods: We extracted data on prevalence, incidence, death, and disability-adjusted life years (DALYs) due to peripheral artery disease from the Global Burden of Disease study 2019. In addition, risk factors for peripheral artery disease were reported.

Results: The age-standardized prevalence of peripheral artery disease significantly increased from 1330.42 to 1423.78 per 100,000 population, with an average annual percentage change (AAPC) of 0.16 [95% confidence interval (CI), 0.07 to 0.24] from 1990 to 2019 in China. In addition, the age-standardized mortality rate significantly increased, with an AAPC of 0.62 (95% CI, 0.54 to 0.7), contrasting with the significantly declining trend in age-standardized DALYs (AAPC, −0.45; 95% CI, −0.52 to −0.39) between 1990 and 2019. The age-standardized prevalence was almost three times higher in females than males [2022.13 (95% CI: 1750 to 2309.13) vs. 744.96 (95% CI: 644.62 to 850.82) per 100,000 population] in 2019. The age-specific incidence significantly increased in individuals aged 40–44, 45–49, 50–54, 55–59, and 60–64 years groups but decreased in 70–74, 75–79, and 80–84 years groups. The age and period effects showed that the relative risks of incident peripheral artery disease increased with age and time. The cohort assessment showed that the incidence decreased in successive birth cohorts. Smoking was identified as the risk factor that contributed the most to age-standardized DALYs of peripheral artery disease in 2019.

Conclusion: The burden of peripheral artery disease showed unexpected patterns that varied by age, sex, and year in China. More attention should be given to addressing the increasing incidence among middle-aged individuals and mortality among males.
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Background

Peripheral arterial disease usually refers solely to lower extremity arterial disease, which is characterized by atherosclerosis of the lower extremities leading to arterial stenosis or even occlusion, resulting in chronic or acute ischemic symptoms in lower extremity tissues (1). The onset of the disease is insidious, and there may be no symptoms in the early stage. As the disease progresses, intermittent claudication, ischemic rest pain, ulcers, and long treatment requirements may occur. In severe cases, gangrene may even lead to the need for amputation, and the prognosis is poor. The health hazards of peripheral arterial disease not only stem from the disease itself but also significantly increase the risk of cardiovascular and cerebrovascular events and death in patients, which needs further attention (2, 3). Several studies have shown that peripheral arterial disease is highly prevalent among older adults, and as the global population ages rapidly, the prevalence of peripheral arterial disease is expected to continue to increase (4, 5).

In 2015, there were 236 million people living with peripheral arterial disease worldwide, an increase of 44% compared with 2000, but the awareness, diagnosis, and treatment rates of peripheral arterial disease in this population remained low (6–9). Several previous studies have reported the prevalence of peripheral arterial disease in China, but these studies vary in their survey design, diagnostic criteria, or region (9, 10). Thus, long-term epidemiological information on peripheral arterial disease based on the Chinese population is limited.

Understanding secular trends in epidemiologic patterns of peripheral arterial disease will help guide future research on disease prevention and prevention strategies. The Global Burden of Disease (GBD) study is a global descriptive epidemiological study (11, 12). Therefore, this study aimed to analyze GBD 2019 data to assess the temporal trends in the burden of peripheral arterial disease in China and to explore the net age, period, and cohort effects within an age-period-cohort framework to provide important clues about disease etiology or hypotheses.



Materials and methods


Data source

Using all available up-to-date epidemiological data sources and improved standardized methodologies, the GBD 2019 provided a comprehensive assessment of health loss attributed to 369 diseases and injuries and 87 risk factors in 204 countries and territories (11, 12). The sex-stratified age-specific and age-standardized rates and cases of peripheral arterial disease and their 95% confidence intervals (CIs) from 1990 to 2019 in China were directly obtained from the Institute for Health Metrics and Evaluation (IHME) website.1 Details of the methodology used in the GBD 2019 have been described in previous studies and are presented in the Supplementary material (11). Data analysis was completed on March 15, 2022. The Institutional Review Board of Jinzhou Medical University determined that this study did not require ethical approval because it used publicly available data.



Case definition

Individuals with an ankle-brachial index less than 0.9 who were clinically diagnosed with intermittent claudication were defined as having peripheral arterial disease (9). All cardiovascular diseases coded as 440.2, 440.4, and 443.0–443.9 in the 9th revision of the International Classification of Diseases and Injuries (ICD-9) or I70.2–I70.8 and I73–I73.9 in the ICD-10 were recognized as peripheral artery disease (9). More details of the case process are provided in the Supplementary material.



Statistical analysis

To characterize peripheral artery disease burden by age, sex, and year, descriptive analyses were conducted. The age-specific and age-standardized rates and their average annual percentage changes (AAPCs) were calculated to assess the epidemiologic trends of peripheral artery disease using linear regression analyses, and all rates were reported per 100,000 population (13). The trends of rates were reflected in AAPC values: the rate had an upward trend when the AAPC and the lower boundary of the 95% CI were positive; conversely, the rate had a downward trend when the AAPC and the upper boundary of the 95% CI were negative. In addition, this study applied an age-period-cohort model to assess population risk in a given year and health risk accumulation since birth (14). The methodological details of the age-period-cohort model are described in the Supplementary material. The strength of this model lies in the analysis of the independent effects of age, period, and cohort on the temporal trend of peripheral arterial disease incidence. In this model, the collected data were stratified into successive 5-year age groups and consecutive 5-year periods. Peripheral arterial disease incidence was recorded in successive 5-year age groups (from 40–44 to 85–89 years), consecutive 5-year periods (from 1994 to 2019), and correspondingly consecutive 5-year birth cohorts from 1905–1909 to 1975–1979. The age-period-cohort analysis provided estimated coefficients for age, period, and cohort effects using the intrinsic estimator method. These coefficients were converted to exponential values [exp (coef.) = ecoef.], which represented the relative risk (RR) of incidence for a specific age, period, or birth cohort relative to the sum of the averages for all ages, periods, or birth cohorts. If the RR of the reference group was significantly different from the averages for all ages, periods, or birth cohorts, then two-sided statistical tests and p < 0.05 were considered significant. All statistical analyses were performed using GraphPad Prism software (version 8.0) and STATA software (version 15.0).




Results

As shown in Table 1, the prevalence of the number of cases of peripheral artery disease in China was 28.49 million (95% CI: 24.55 to 32.61 million) in 2019, with an age-standardized prevalence per 100,000 population of 1423.78 (95% CI: 1234.84 to 1625.31), which increased significantly from 1990 (AAPC 0.16, 95% CI: 0.07 to 0.24). Females had a higher age-standardized prevalence and incidence rate than males from 1990 to 2019 (Figures 1A,B). A significant increase in age-specific incidence was observed among individuals aged 40–64 years from 1990 to 2019. The disability-adjusted life years (DALYs) and death rates significantly decreased among females (AAPC in DALYs −0.58, 95% CI: −0.68 to −0.48; AAPC in deaths −0.3, 95% CI: −0.41 to −0.19), but the death rate increased among males (AAPC in deaths 1.45, 95% CI: 1.24 to 1.66) during the last three decades (Figures 1C,D). Although the incidence of peripheral artery disease was higher in 2019 than in 1990 among individuals aged 70–74 years old, the AAPC result indicated a significantly decreasing trend over a period of multiple years with a fluctuating incidence rate.


TABLE 1    Sex-and age-specific rates of peripheral artery disease in China in 1990 and in 2019 and their average annual percentage changes (AAPCs) from 1990 to 2019.

[image: Table 1]

 
[image: image]

FIGURE 1
Trends in the age-standardized prevalence (A), incidence (B), disability-adjusted life years (DALYs) (C), and death (D) rates of peripheral arterial disease by sex from 1990 to 2019.


The estimated RRs of peripheral artery disease incidence according to age, period, and cohort effects are shown in Table 2. When the period and cohort effects were controlled for, the RR of peripheral artery disease incidence significantly increased with advancing age. Compared with the average RRs of all age groups, a significantly increased RR of peripheral artery disease incidence was observed in the 60-year-old and older groups among both males and females. Regarding the period effect, we observed upward trends in the risk of developing peripheral artery disease among both males and females. The RRs associated with period effects showed significant increases from 0.87 (95% CI, 0.84–0.9) in 1994 to 1.1 (95% CI, 1.06–1.14) in 2019 for males and a significantly higher RR of 1.11 (95% CI, 1.09–1.14) in 2019 for females compared with the average RRs of all periods (Table 2). Birth cohort effects had a significant effect on peripheral artery disease incidence (Table 2). Compared with the average RRs of all cohorts, the RRs continuously decreased with later birth cohorts for both males and females, especially after the 1950–1954 birth cohort.


TABLE 2    Sex-specific relative risks of peripheral artery disease incidence in China due to age, period, and cohort effects.
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Figure 2 reflects all associated risk factors quantified in the GBD 2019. The age-standardized DALYs of peripheral artery disease were primarily attributable to smoking [28.1% (95% CI 22.6% to 32.9%)], followed by high systolic blood pressure [27.9% (95% CI 20.4% to 35.3%)], high fasting plasma glucose [22.1% (95% CI 19.4% to 24.9%)], kidney dysfunction [14.3% (95% CI 11.2% to 17.5%)], high-sodium diet [8.1% (95% CI 2.8% to 15.2%)], and lead exposure [2.4% (95% CI 1.4% to 3.5%)] in China in 2019. The top attributable risk factor for DALYs of peripheral artery disease for males was smoking [59.9% (95% CI 51.3% to 65.6%)] and for females was high systolic blood pressure [28.6% (95% CI 20.3% to 37.4%)] in 2019. The percentage contributions of smoking was 60.8% (95% CI 51.8% to 66.8%) for males and the percentage contributions of high systolic blood pressure was 23.7% (95% CI, 15.4% to 32.6%) for females in 1990.
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FIGURE 2
Percentage contributions of major risk factors to age-standardized disability-adjusted life years (DALYs) due to peripheral artery disease by sex in China in 1990 (A) and 2019 (B).




Discussion

To our knowledge, the present study is the first comprehensive assessment of the epidemiologic patterns of peripheral arterial disease in China over the past three decades using GBD 2019 data. This study found that between 1990 and 2019, the standardized prevalence of peripheral arterial disease increased significantly among females, and the incidence increased significantly among individuals aged 40–64 years old. In addition, standardized DALYs and mortality due to peripheral arterial disease were significantly decreased among females, but the standardized mortality significantly increased among males.

This study expands on previous research by including the incidence, mortality, and DALYs of peripheral arterial disease instead of focusing only on prevalence. The patterns and trends were heterogeneous across sexes, which illustrates the necessity of resource allocation by sex and priority setting in China. Since the data from the GBD 2019 featured by its unified and standardized approach involve the latest advancements in data analytical techniques, these estimates are highly comparable over the 1990 to 2019 range (11, 12). In addition, this study provides an example of systematic mining of disease trends using GBD data. For other non-communicable chronic diseases, the application of age-period-cohort models to estimate disease trends by age, period, and cohort may also provide a clearer picture of the effectiveness of health system responses beyond traditional epidemiological indicators, thus contributing to the early achievement of the Healthy China 2030 goals.

A meta-analysis study reported that the number of people with peripheral arterial disease would increase by 40% in China between 2000 and 2020, with approximately 41 million Chinese adults projected to be affected by peripheral arterial disease in 2020 (10). Although the current prevalence trend is consistent with the results of that previous study, the predicted number of patients was higher than that in the GBD, which may be because the previous result was highly dependent on the assumptions of the statistical model, but in fact, the epidemiological pattern of peripheral arterial disease is constantly changing. This study found a higher prevalence of disease among females than males, which is consistent with several previous studies (6, 10). However, a cross-sectional study in China did not find such sex differences, which may be explained by the fact that the previous study adjusted for confounding factors, including sociodemographic factors, metabolic disease, and cardiovascular disease, to compare differences between males and females, resulting in no significant differences (9). Although the reasons for the higher prevalence and incidence of peripheral arterial disease in females are unknown, the mechanisms may be multifactorial. It is estimated that more than half of female non-smokers in China are exposed to passive smoking, which may be one of the possible mechanisms (15). This paradoxical female preponderance of peripheral artery disease might be inherent to the disease mechanism or a combined effect of other potential risk factors in developing countries, such as obesity and socioeconomic inequality (16–18).

Previous studies have shown that peripheral arterial disease is widespread among elderly individuals (6). Epidemiological surveys in China indicate that the prevalence of peripheral arterial disease in the general population over 35 years of age is 6%, and the prevalence of peripheral arterial disease among elderly individuals over 60 years of age is 15% (9, 10). It is estimated that there are more than 30 million patients living with peripheral arterial disease in China. Moreover, with the accelerated aging of the population, it can be expected that aging will lead to a rapid increase in the prevalence of peripheral arterial disease based on China’s very large population base, causing very large social and economic burdens and becoming a major public health and social issue in China that urgently needs to be solved.

Notably, the mortality of peripheral arterial disease continued to increase among males. The increase in overall mortality was mainly contributed by the increased mortality burden on males. Many factors, such as population aging and a higher increase in rates of non-communicable chronic diseases among males, may have contributed to this rise in mortality (19, 20). A previous study has indicated that males had more years of life lost associated with population aging than females in the last three decades (20). We observed a decline in mortality due to peripheral arterial disease among females over the past three decades, further prolonging survival time, which may have contributed to the continued rise in the prevalence of peripheral arterial disease among females. Previous studies have reported significant sex differences in peripheral arterial disease (6, 21). This sex difference in peripheral arterial disease manifestations may stem from a sex dimorphism in healthy vascular stroma and sex differences in responses to vascular stressors (21). The current study found that DALYs in the overall population showed a downward trend, and the decline in this index was contributed by females. Although the reasons for the reduced years lived with peripheral arterial disease disability are not clear, the decreased years of life lost among females could be explained by a reduction in mortality. However, these sex differences may be related to unknown risk factors or represent a survival advantage for females, with males being more likely to die from concomitant coronary heart disease (7). A previous study confirmed that current smoking, hypertension, and obesity are highly associated with peripheral arterial disease mortality (19). It is estimated that the prevalence of smoking among males is 17 times higher than that among females in China, and the prevalence of hypertension among males increased significantly from 2007 to 2017, but no significant change was observed among females, which may further explain the higher mortality rate of peripheral arterial disease among males than among females (22, 23). In addition, the prevalence of smoking among females in China decreased from 3.1% in 2003 to 2.7% in 2013, which may reduce peripheral arterial disease mortality among females (22). Furthermore, the prevalence of overweight among Chinese females decreased significantly from 2007 to 2017, which may also contribute to the reduction in peripheral arterial disease mortality among females (23). Although there are proven treatments to decrease the risk of death in patients diagnosed with peripheral arterial disease, significant sex differences in treatment and outcomes have been observed (21). Future studies aimed at reducing the mortality burden among males are needed.

The age-period-cohort model has become a popular method to assess the impact of chronological age, time period, and birth cohort on morbidity (14). The age effect represented a different risk of outcomes across age groups. This study revealed that the risk began to increase significantly after the age of 60 years for both males and females. These results are supported by previous studies (10). The current study suggests that the increase in the burden of peripheral artery disease is due to an increase in the number of surviving peripheral artery disease patients, the primary reason for which may be the contribution of population aging (24). Due to the rapid aging of China’s population, the burden of peripheral artery disease may continue to increase in the future. To prevent social costs from surging in the future, this study suggests that people over the age of 60 years should be actively screened for this disease during routine physical examinations.

Period effects reflect the influence of a series of complex historical events and environmental factors (14). The incidence of peripheral arterial disease has increased substantially since 2014, which may be related to the rapid development of China’s economy and changes in the lifestyle and behavioral habits of the Chinese population, including unhealthy dietary and sedentary habits (25). These changes increase the risk of developing chronic diseases such as diabetes and hypertension, which are significantly associated with the development of peripheral arterial disease (6). In addition, studies have reported a significant increase in the prevalence of diabetes and hypertension in China in the past decade (23, 24, 26). Birth cohort effects reflect the characteristics of each generation and take into account exposure to risk factors and environmental factors early in life (14). The possible reason for the cohort-related findings in this study is that the cohort born later had better education and a higher awareness of health and disease prevention than the early-born cohort (27). Although peripheral arterial disease poses a very large and increasing burden and threat to the health care system and society, it remains an underappreciated problem (28, 29). In addition to the need for more comprehensive planning and implementation of clinical services, greater emphasis should be placed on prevention strategies, such as early education and public outreach for peripheral arterial disease.

Previous studies have reported that smoking, hypertension, diabetes, and dyslipidemia can increase the risk of peripheral arterial disease and are independent risk factors for peripheral arterial disease (30, 31). The current study found that the risk factor that contributed the most to DALYs was smoking. Studies have shown that smoking still significantly increases the prevalence of peripheral arterial disease among people who quit smoking within the past 10 years, while smoking cessation for more than 10 years has no effect on peripheral arterial disease (30, 32). Notably, the risk factor that contributed the most among women was high blood pressure. Hypertension is one of the main factors leading to the development of peripheral arterial disease, which frequently presents as asymptomatic ischemia before the onset of ischemic symptoms such as intermittent claudication or lower extremity pain. Therefore, it is necessary to strengthen screening and interventions for such populations.

These findings provide epidemiological evidence for the increased burden of peripheral arterial disease in China. However, this study has some limitations. First, the age-period-cohort model treats a community as a unit of observation and analysis, which can lead to ecological fallacy. Second, although ICD codes are widely accepted for use on death certificates and the GBD 2019 made significant efforts to improve data quality, misclassification of peripheral arterial disease deaths cannot be completely avoided because peripheral arterial disease is often accompanied by comorbidities such as myocardial infarction or stroke (11). Third, an estimate of peripheral arterial disease burden is obtained using a combination of data, which depends heavily on the quality and quantity of data used in the modeling process. Fourth, although unified diagnostic criteria were used in this study, there may be differences in measurement methods between studies, which may affect the accuracy of the results. Therefore, our findings on the epidemiology of peripheral arterial disease in this study should be interpreted with caution.



Conclusion

In conclusion, peripheral arterial disease continues to be an increasingly serious public health issue in China, with considerable heterogeneity in its epidemiological pattern across age and sex groups. Despite great strides in peripheral arterial disease prevention and treatment, the incidence of peripheral arterial disease among middle-aged adults, as well as mortality among men, increased significantly from 1990 to 2019. More strategies should be used to implement cost-effective interventions and address modifiable risk factors, especially among middle-aged individuals and males.
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