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Previous studies have shown that there is a geographic variation in the prevalence of stroke, with a lower prevalence of stroke in Sichuan province. And a stroke transition was found during the period of economic development as well. However, as the center of Southwest China, with a greatly developed economy, whether the geographic variation remained with lower burden of stroke in Sichuan province is unknown. Therefore, in this study, we analyzed the secular stroke status in Sichuan province to help explore the potential reasons for geographic disparity. From a cross-sectional study conducted based on eight national disease surveillance points (DSPs) in Sichuan province in 2013, the epidemiologic data of stroke were collected. Data of risk factors were obtained from a cross-sectional study based on 12 national DSPs in Sichuan province in 2013. The results showed that the age-standardized prevalence, incidence, and mortality of stroke in Sichuan province were 338.6/100,000 people [95% confidence interval (CI), 267.8–409.4], 147.1/100,000 person-years (95% CI = 100.6–193.6), and 72.4/100,000 person-years (95% CI = 40.0–104.8), respectively, which were significantly lower than those determined from the contemporary data of China in 2013. The analysis of the risk factors showed that the weights of contribution of the potential risk factors to stroke were in consistency with those published reports from other areas. In conclusion, the disparity of lower stroke burden in Sichuan than the average China remained, although with the great developments in Sichuan province over all those decades. In addition to traditional modifiable factors, we suggest that unknown or intrinsic differences such as genetic factors might play an important role in geographic disparity, which should be investigated in future studies.
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INTRODUCTION

Stroke is one of the leading causes of death and the major cause of adult disability worldwide, bringing a huge burden to our society. According to a recent study, the mean global lifetime risk for stroke from the age of 25 years onward increased from 22.8% in 1990 to 24.9% in 2016, and there was geographic variation, with the highest lifetime risk for stroke being 39.3% in China (1). Studies have also shown that the stroke burden in China has increased considerably over the past 30 years, and stroke was the leading cause of death in China and caused 1.7 million deaths in 2010 (2, 3). In addition, geographic variation exists not only in China but also worldwide (1, 2, 4). The reasons for the north-to-south and east-to-west gradients in the incidence of stroke in China are not clear at present, and the lowest incidence of stroke is in Southwest China (2, 5). To further explore the reasons for the geographic disparities and improve the effects of preventive measures, studies about epidemiological features, etiology, and prevention are of great importance.

Sichuan province is the center and the most developed province in Southwest China (including Sichuan, Yunnan, Guizhou, Tibet, and Chongqing province); data on stroke burden in Sichuan province have been shown in a limited number of studies conducted 20 years ago, and a lower morbidity and mortality of stroke were reported in this province than in other areas of China (6, 7). Many studies have indicated that the characteristics of the stroke transition were found during the period of economic development in China (2, 8, 9). In the past 20 years, Sichuan has experienced additional large socioeconomic context changes; there was an increase in the urbanization rate by more than 20%, and the rate reached up to 40.18% in 2010 (10). In addition, Sichuan's total gross domestic product (GDP) grew dramatically from 0.34 trillion yuan in 1998 to 2.64 trillion yuan in 2013 and to 3.70 trillion yuan in 2017 (11), and the GDP will continue increasing under the expansion of advanced commercial and tourism industries. In addition, Sichuan is famous for its special spicy dietary habits, as the residents' intakes of meats, oil, and fat are excessive (12). Considering these characteristics, is there still geographic disparity with a lower rate of stroke in Sichuan? No study has been conducted to answer this question. Hence, in this study, we compared the secular burden of stroke in Sichuan province with the entire country of China from 2012 to 2013 to help explore the potential reason for the geographic disparity.



MATERIALS AND METHODS


Study Population and Design

To compare the morbidity and mortality of stroke between Sichuan province and the entire country of China, epidemiologic data on stroke were collected with a method similar to the national epidemiological survey on stroke (2). A detailed description of the methods, including the sample size calculation, sampling method, principles, and definitions, has previously been reported (2). A multistage, stratified clustering sampling technique was used to select individuals who had lived in the region for at least 6 months before the start of the survey. At the first stage of sampling, one district proportional to the population size of that area was selected in the survey sites. In the second stage, one or more urban communities/villages with a total population of more than 4,500 residents (at least 1,500 households) were selected in each selected district by using the random sampling method. Our study was conducted at eight monitoring sites (Figure 1) based on the national disease surveillance points (DSPs) system from September 1 to December 31 in 2013. In addition, at least 85% of these individuals were expected to complete the entire study protocol. Written informed consent was obtained from all study participants by the investigators.
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FIGURE 1. The location of Sichuan province in China and eight DSPs in Sichuan province.


There were 21,265 residents 20 years or older who were interviewed face-to-face by the Centers for Disease Control and Prevention investigators who were trained in a unified way and qualified to conduct the interview. In addition, 110 residents died between September 1, 2012, and August 31, 2013, from all causes, and the deaths were verified and recorded. By August 31, 2013, the point-prevalence day, all living subjects diagnosed with stroke were considered to have a prevalent stroke (point prevalence). First-ever stroke cases (either fatal or non-fatal) occurring between September 1, 2012, and August 31, 2013, were identified as incident strokes. The number of people who died of stroke from September 1, 2012, to August 31, 2013, was used to calculate the mortality of stroke. The definitions or calculations of prevalence, incidence, and mortality were consistent with the published national epidemiological study (2).

To help explore the possible causes of the stroke geographic disparity, we further analyzed and described the causal attribution of incidence of stroke to potential risk factors, the population attribution fractions (PAFs), in Sichuan province based on another cross-sectional study to identify the contributions of potential risk factors to stroke incidence at population level in Sichuan province. The cross-sectional stroke risk factors survey was conducted in 2013, which was a multistage, stratified cluster sampling study designed to investigate the level of modifiable cardiovascular risk factors in Sichuan province. The representative sample size was calculated considering economic status, population density, educational level, and crude mortality and covered 12 DSP (parts of 31 national DSPs, including the above eight monitoring sites for burden of stroke) in Sichuan province. More and detailed information can be found in a previously published article (13). Written informed consent was obtained from the participants.



Ethics

The study about the epidemiology of stroke in Sichuan province was approved by the ethical review committees of Beijing Tiantan Hospital and West China Hospital of Sichuan University. The data collection protocol for the risk factors was approved by the ethics committee of the Chinese National Center for Chronic and Non-communicable Disease Control and Prevention.



Diagnostic Criteria

As in the reported national epidemiologic study of stroke in China (2), stroke was defined as “rapidly developing clinical signs of focal (or global) disturbance of cerebral function, lasting more than 24 h or leading to death, with no apparent cause other than that of vascular origin,” which was based on the World Health Organization criteria (14). Then, the stroke cases were further classified into four major pathological types: subarachnoid hemorrhage, intracerebral hemorrhage, ischemic stroke, and an undetermined type. Stroke cases for which brain imaging was not performed after stroke onset and cases for which the results of the imaging or autopsy study were not available for review by the study neurologist were classified as stroke cases of an undetermined pathological type (2).

The PAFs of risk factors to stroke incidence were estimated using comparative risk assessment strategy with counterfactual analysis, in which a theoretical minimum risk exposure level (TMREL) was used as the counterfactual to estimate the burden of stroke associated with any exposure to potential risk factors that exceeded this level (15, 16). This approach is well-established and has been applied in global, national, and subnational level studies (15, 17, 18). Using this method, we compared population of interest with actual (factual) exposure distribution with corresponding theoretical optimum distribution (counterfactual) and estimated the proportional reduction in risk of stroke incidence. It should provide a more accurate estimate of the stroke incidence attributable to potential risk factors considering the relationships between risk factors and diseases are continuous rather than categorical. Thus, based on GBD 2013 study, the following mean [standard deviation (SD)] values of the optimal exposure distributions were adopted in our study (15): the 119 (6) mmHg for high systolic blood pressure, 5.4 (0.3) mmol/L for high fasting plasma glucose, 4.8 (0.9) mmol/L for high total cholesterol, 23.0 (1) kg/m2 for high body mass index, 200 (30) g/d of fruit consumption for diet low in fruits, 350 (30) g/d of vegetables consumption for diet low in vegetables, 8,000 metabolic equivalents of task-min for low physical activity, and any previous or current tobacco habits for smoking.



Statistical Analysis

The age- and sex-specific prevalence (per 100,000 people), incidence, and mortality (per 100,000 person-years) were estimated. The age-standardized prevalence, incidence, and mortality of stroke were calculated by the direct method using the data from the 2010 China population census as the standard, and 95% confidence intervals (CIs) were calculated by using the Poisson distribution. The χ2 test was used to assess the significance of the differences in prevalence, incidence, and mortality between males and females, or urban and rural areas. The significant differences in the age-standardized prevalence, incidence, and mortality of stroke between the two sexes or Sichuan province and all of China were calculated by the Z test:
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We used estimates of size of the association between exposure to a risk factor and the risk of stroke incidence (rate ratios) and the prevalence of related risk factors in Sichuan province to calculate the attribution proportion of the incidence of stroke to the exposure to each risk factor in view of the TMREL (15). The PAF was calculated using the following equation:
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[RRjoasc (x) is the relative risk as a function of the exposure level x for risk factor j, cause o, age group a, sex s, and country c. l is the lowest level of exposure, and u is the highest level of exposure observed. Pjasct (x) is the distribution of exposure for risk j in age group a, sex s, country c, and year t. TMRELjas is the TMREL for risk factor j, age group a, and sex s. For continuous variables, definite integral was used to calculate the cumulative probability that the dx is the cutting width of the exposure level x].




RESULTS


Demographic Characteristics

The demographic characteristics of the interviewed participants are shown in Table 1. The mean age of the interviewed participants was 46.90 ± 16.73 years. The rural residents accounted for 52.6% of the participants. The proportion of participants who completed primary school or a lower level of education was 54.7%. In addition, 80% of the participants were married or had a partner. A total of 90.1% (82 of 91 cases) of the participants with prevalent stroke and 70.0% (28 of 40 cases) of those with incident stroke were hospitalized for stroke within 7 days of stroke onset.


Table 1. Characteristics of the interviewed participants (≥20 years) in 2013.
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Stroke Status in Sichuan Province in 2012 to 2013

Among the 21,265 face-to-face interviewed participants, the number of prevalent stroke cases was 91 (428.1 per 100,000 people), and the 2010 China population census standardized prevalence was 338.6 per 100,000 people (Table 2). There were no significant differences between sexes in the age-specific and age-standardized prevalence (all p > 0.05).


Table 2. Prevalence (with 95% CIs) of stroke per 100,000 adults in Sichuan by sex in 2013.
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There were 40 incident stroke cases. The crude incidence was 187.1 per 100,000 person-years, and the 2010 Chinese population census standardized incidence was 147.1 per 100,000 person-years (Table 3). There were no significant differences between men and women in either the age-specific or the age-standardized incidence (all p > 0.05).


Table 3. Incidence (with 95% CIs) of stroke per 100,000 person-years among Sichuan adults by sex in 2012 to 2013.
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The number of deaths from stroke was 20, which accounted for 18.1% of all deaths. The crude mortality of stroke was 93.6 per 100,000 person-years, and the 2010 Chinese population census standardized mortality was 72.4 per 100,000 person-years (Table 4). There were no significant differences between sexes in either the age-specific or the age-standardized mortality (all p > 0.05).


Table 4. Mortality (with 95% CIs) of stroke per 100,000 person-years among Sichuan adults by sex in 2012 to 2013.
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Besides, the crude prevalence, incidence, and mortality of stroke in urban areas were 455.94, 167.69, and 88.87 per 100,000 people, respectively, and in rural areas were 402.65, 204.68, and 97.89 per 100,000 people, respectively. We did not find significant differences in prevalence, incidence, and mortality of stroke and two stroke subtypes between urban areas and rural areas, although the burden of hemorrhagic stroke in rural areas was slightly higher than in urban areas (Figure 2).
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FIGURE 2. Crude prevalence, incidence and mortality of stroke, ischemic stroke, and hemorrhagic stroke in urban and rural areas of Sichuan province, respectively.




Stroke Subtypes

Among the prevalent and incident stroke cases, ischemic stroke was the most common subtype of stroke, with a proportion of 69.9% in prevalent stroke cases and 57.0% in incident stroke cases, followed by intracerebral hemorrhage, which had proportions of 26.9% and 35.0% in prevalent cases and incident cases, respectively. However, intracerebral hemorrhage was the major cause of death and accounted for 60% of deaths from stroke (Table S1).



Stroke Burden in Sichuan Province Compared With Southwest China and Entire China

There was a gradient in the age-standardized prevalence, incidence, and mortality of stroke in Sichuan, Southwest China, and the entire China. The age-standardized prevalence, incidence, and mortality of stroke in Sichuan were lower than those in Southwest China, and those in Southwest China were lower than China (Figure S1). An analysis of the significance of these differences showed that there were significant differences between Sichuan and entire China in the age-standardized prevalence, incidence, and mortality of stroke (all p < 0.05, Figure S1).



Risk Factors Analysis

The levels of the risk factors of the three age groups (18–44, 45–59, and >60 years old) in males and females in Sichuan province in 2013 are shown in Table 5. Among the eight risk factors (high systolic blood pressure, diet low in fruits, smoking, high body mass index, high total cholesterol, low physical activity, high fasting plasma glucose, diet low in vegetables) for ischemic stroke and six risk factors (high systolic blood pressure, diet low in fruits, smoking, high body mass index, high fasting plasma glucose, diet low in vegetables) for hemorrhagic stroke, high systolic blood pressure was the largest contributor to both ischemic and hemorrhagic stroke (Figures S2, S3). For ischemic stroke, smoking was the second most important factor, followed by blood pressure; high body mass index and high fasting plasma glucose level (<15%) were not the major contributors to the incidence of ischemic stroke, whereas the high total cholesterol level had the least importance (Figure S2). Additionally, for hemorrhagic stroke, a diet low in fruits was the second highest contributing factor, with contribution up to 40%, which was comparable to the contribution of smoking in males (Figure S3). There was a decline in the contribution of various risk factors to stroke with advancing age, and for individuals 80 years or older, the risk factors had little contributions to the incidence of stroke (Figures S2, S3).


Table 5. The level of related risk factors in Sichuan province in 2013.
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And the contributions of those risk factors for ischemic stroke were similar between rural and urban areas (Figure S4), whereas PAFs of smoking, high body mass index, and diet low in fruit and vegetables for hemorrhagic stroke seem to be slightly higher in rural areas than urban areas (Figure S5).




DISCUSSION

This is the first epidemiologic investigation on stroke in Sichuan in the last 20 years (6, 7). Our findings showed that the disparity remained, even with the great development of Sichuan province throughout these past decades. The age-standardized prevalence, incidence, and mortality of stroke in 2013 in Sichuan province were 338.6/100,000 people (95% CI = 267.8–409.4), 147.1/100,000 person-years (95% CI = 100.6–193.6), and 72.4/100,000 person-years (95% CI = 40.0–104.8), respectively, which were significantly lower than those according to contemporary data from China. And not like the higher stroke burden in rural than urban areas in China, there was no significant difference between rural and urban areas in Sichuan province. The weights of the contribution of these modifiable risk factors to stroke incidence in this study were similar to those presented in previous reports.

The age-standardized prevalence, incidence, and mortality of stroke were 1,115/100,000 people (95% CI = 997–1,233), 247/100,000 person-years (95% CI = 211–283), and 114.8/100,000 person-years (95% CI = 96.3–133.3) in China (2). These data indicated that there is still geographic disparity, with a significantly lower burden of stroke in Sichuan than in entire China. However, as the prevalence of stroke in China was 3.3-fold that in Sichuan and the incidence and mortality in China was approximately only 1.6-fold those in Sichuan, we speculate that there was a large increase in the incidence of stroke in Sichuan with the rapid development and urbanization of Sichuan province in those decades and that the small number of stroke survivors at baseline in Sichuan combined with the rapid increase in the incidence of stroke caused a larger gap in the prevalence than in the incidence between Sichuan and China. Furthermore, the incidence and mortality in 2013 were higher than those reported in a study conducted in 1986, which showed that the annual age-standardized incidence in Sichuan by 1960 US total population was 85.3/100,000 persons, and the mortality was 68.15/100,000 persons (7). A continuous monitoring study of stroke in Deyang city in Sichuan province also showed a fluctuating increase in stroke incidence, from 49.87/100,000 person-years in 1990 to 127.31/100,000 person-years in 2000 (19). In addition, the mortality of stroke in our study was in line with the study monitoring the deaths in Sichuan province that showed a standardized mortality of 94.51/100,000 person-years in 2011 and an increasing trend thereafter (20). Therefore, although with epidemiologic character of relatively lower stroke burden in Sichuan province at present, we should note that there is still an increase in the incidence and mortality of stroke with economic development, which also signifies an urgent need to prevent future stroke occurrences.

Similar to previous studies (3, 15), this study showed that the key contributors to stroke were high blood pressure, diet low in fruits, high body mass index, and smoking. Studies have shown that hypertension is the most important reason for geographic variability in stroke incidence and mortality in China (4, 7, 21). However, in the article that investigated the geographic distribution of stroke and hypertension, it should be noticed there was a lower incidence of stroke in Sichuan province but with a prevalence of hypertension as high as central China (7). In addition, studies have indicated that the prevalence of hypertension in Sichuan province was high, especially in rural areas (22, 23). Therefore, despite the consistency with previous studies that showed hypertension is the most important risk factor for stroke in China, with the population-attributable risk up to 53.2% (2, 4, 7, 24–26), we suggest that there might be some unknown protective factors contributing to a lower stroke burden in Sichuan province. Smoking, an independent risk factor for stroke (7, 27), was also the second highest contributing factor to the incidence of ischemic stroke in this study. Because there was a relatively higher prevalence of smoking (33.7%) in Sichuan province than at the average national level (7, 28), this result suggests that unknown protective factors contribute to a lower stroke burden in this area. Moreover, because of the dietary habits in Sichuan consisting of foods with excessive fat and calories (12), the body mass index (mean ≈24 kg/m2) and the total cholesterol (mean ≈5 mmol/L, higher than the average 4.5 mmol/L in China) were not low in Sichuan population, but these factors had a relative low contribution to the incidence of stroke in this population. In terms of the high prevalence of low physical activity, the contribution of which was even higher than that of a high body mass index, further supporting the idea that there are unknown protective factors for ischemic stroke in this population. The contribution of traditional risk factors to stroke was reduced with advancing age, as reported in several studies (29, 30), which suggests that there are some internal factors that make a certain group of people less vulnerable to suffering a stroke. But for people who are susceptible to stroke, the risk factors will inevitably impact them and eventually leading to a stroke when they reach 40–79 years old. However, we failed to collect data on genetic factors such as the family history, which were indicated in many studies to play an important role in the incidence of stroke (31, 32). A study conducted in West China in 2015 showed that among middle-aged and older farmers (≥40 years), family history was the strongest risk factor for stroke compared with hypertension and obesity (32). Moreover, a study of the differences in risk allele frequencies among 52 populations and geographic areas showed a significant geographic variation in eight single-nucleotide polymorphisms with the prevalence of cardiovascular disease (33). From the risk factor analysis, we speculate that there were other unknown protective factors, such as genetic differences, which caused a lower stroke burden in Sichuan province (34).

There are several potential limitations in this study. First, as a cross-sectional study, recall bias may affect the evaluation of the prevalence, incidence, and mortality of stroke. However, great efforts have been made to minimize the possibility for bias; the data obtained from the door-to-door interviews were cross-checked, people suspected of having stroke were re-interviewed carefully by trained neurologists, and brain imaging tests were arranged when required. Second, we did not record risk factors for stroke among all the participants when conducted the epidemiologic study of stroke, so we had to obtain representative risk factor data from another contemporary study. Additionally, we did not record all the risk factors (such as the family history), so the data were insufficient for us to identify the reason for geographic disparities regarding stroke.



CONCLUSION

In our study, there was still geographic disparity in the prevalence, incidence, and mortality of stroke, which were significantly lower in Sichuan than in entire China, irrespective of rapid socioeconomic developments in Sichuan province over the past two decades. In addition to hypertension, we suggest that other unknown modifiable factors or intrinsic factors, such as genetic factors, might play an important role in the geographic disparity and the relatively lower stroke burden in Sichuan. Future studies on stroke in different areas are necessary to explore special protective or risk factors.
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