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With the aging of the population and the change of lifestyle in China, the prevalence and risk factors of the high-risk population for stroke may change. However, few studies performed community-based high-risk stroke population surveys in China. Hence, we performed this multicenter, cross-sectional, and community-based survey in Sichuan of southwestern China, according to the China National Stroke Screening Survey (CNSSS) program in 2015. The residents aged ≥ 40 years volunteered to participate in the face-to-face survey in 8 communities in Sichuan. The 8 communities were selected using the cluster randomization method. Subjects with at least three of the eight stroke-related risk factors were classified as a high-risk population for stroke. Otherwise were classified as a low-risk population for stroke. Furthermore, 1,011 individuals were randomly selected among the low-risk population for stroke as controls. Among 16,892 participants, 2,369 (14.0%) were high-risk population for stroke. After full adjustments, all eight risk factors for stroke were significantly associated with the high-risk population for stroke (P < 0.001). The largest contributor was hypertension [population-attributable risk (PAR) 28.4%], followed by physical inactivity (PAR 14.2%), dyslipidemia (PAR 11.2%), overweight/obesity (PAR 9.4%), diabetes (PAR 7.2%), family history (PAR 6.8%), smoking (PAR 5.9%), and atrial fibrillation (PAR 3.5%). Carotid atherosclerosis was more serious in the high-risk population for stroke than in controls (P < 0.05). The prevalence of the high-risk population for stroke was high in southwestern China. Hypertension, physical inactivity, and dyslipidemia were stronger contributors for the high-risk population for stroke. Individual-level and population-level interventions for these leading risk factors are very important for the primary prevention of stroke.
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INTRODUCTION

Stroke is the leading cause of death and disability in China (1–3). In the past four decades, the incidence of stroke has decreased because of effective strategies for preventing stroke risk factors and good healthcare services in developed countries. However, the incidence of stroke has increased because of insufficiently primary prevention of stroke in developing countries (3). According to a report from the world health organization, the incidence of stroke in China is still increasing at an annual rate of 8.7% (4).

China has experienced rapid sociodemographic changes and health transitions in the past three decades; these may result in changes in the prevalence of traditional risk factors for stroke (2, 5). For example, there was a large increase in the prevalence of hypertension, smoking, overweight, dyslipidemia, diabetes mellitus, physical inactivity, diets low in fruit and vegetables, and high sodium intake (6–11); these are the most common and modifiable risk factors for stroke and all of these may affect stroke burden in China (12). Hypertension is the most important risk factor for stroke, and it was substantially increased in the past four decades in China (13). However, the standard-reaching rate of hypertension treatment is under 20% in China, this is significantly lower than in the high-income countries (14, 15). Similarly, diabetes and dyslipidemia are relatively common and poorly controlled in China (16). Large prospective studies revealed that lifestyle (physical inactivity and smoking) and dietary habits (such as high salt intake) were associated with the risk of stroke (6, 12).

The incidence of stroke is higher in individuals with multiple risk factors for stroke (high-risk population for stroke) than those individuals with health or low-risk population for stroke (1–3, 6, 12). The high incidence of stroke indicates that primary prevention strategies are insufficiently effective in China. Effective control of risk factors for stroke requires more effective public education and greater responsibilities of individuals. In addition, it is very important to screen out individuals with a high risk for stroke. Based on current progress and ongoing challenges, the Chinese government launched the China National Stroke Screening Survey (CNSSS) and intervention for high-risk population programs among residents of all the 31 provinces in China (12, 17).

Sichuan province is located in southwestern China, is an intermediate economic development area. The incidence of stroke was higher in Sichuan than in other regions, according to the CNSSS and previous studies (6, 12, 17, 18). However, epidemiological data for stroke in Sichuan were collected in the 1990s (19, 20), rare studies have revisited this important public health issue. In the past several decades, the Chinese lifestyle has greatly changed, and the aging population has increased, which has led to changes in the prevalence of stroke-related risk factors. Hence, we performed this community-based high-risk population for stroke survey in 8 communities in Sichuan according to the CNSSS program in 2015. This survey aimed to investigate the prevalence of high-risk population for stroke and the contribution of stroke-related risk factors for the high-risk stroke population and promote primary prevention of stroke.



MATERIALS AND METHODS


Study Design and Participants

This population-based cross-sectional survey was part of the CNSSS program, which was supervised by the Chinese National Center for Stroke Care Quality Control and Management. The survey protocol was reviewed and approved by the Ethics Committee of the participating hospitals (IRB number: 2015-024) (the People's Hospital of Deyang City, the Affiliated Hospital of Southwest Medical University, and Suining Central Hospital) and informed consent was obtained from all the participants during recruitment.

The survey was conducted in the eight communities in Sichuan from May 2015 to September 2015. A cluster survey method was used and the eight communities were selected using the cluster randomization method. Details on the organization and implementation of the CNSSS can be found on the official website (21). Briefly, we screened residents for age ≥ 40 years in each community (22). All participants were people who had lived in the county (or district) for at least 6 months and were screened using a structured face-to-face questionnaire by interviewers. The questionnaire included demographic characteristics (e.g., age, gender, education level, and employment), stroke-related behavioral factors (e.g., smoking, exercise habits, and diet), personal and family medical history of stroke and chronic diseases [i.e., hypertension, diabetes mellitus, dyslipidemia and atrial fibrillation (AF)], and physical examination (e.g., height, weight, and resting blood pressure). More detailed information regarding the lifestyle, related diseases, and laboratory examinations [such as fasting blood glucose (FBG), lipid, ECG, and carotid ultrasonography] was obtained from the individuals who were identified to be at a high-risk population for stroke.



Evaluation of Risk Factors

Because the main aims of the survey were to investigate the prevalence of high-risk populations for stroke and the contribution of stroke-related risk factors for the high-risk population. Therefore, by definition, the patients with a history of stroke or transient ischemic attack were not included in this analysis.

The eight risk factors for stroke were evaluated, namely, overweight/obesity, smoking, physical inactivity, family history of stroke, hypertension, diabetes, dyslipidemia, and AF. Hypertension was defined as a self-reported history or the use of antihypertensive drugs or the average of two resting systolic blood pressure readings of ≥ 140 mm Hg and/or diastolic blood pressure ≥ 90 mm Hg (23). Diabetes mellitus was defined as the use of insulin and/or oral hypoglycemic medications or a self-reported history of diabetes or FBG ≥ 7.0 mmol/l (24). Dyslipidemia was defined as using a lipid-lowering medication or having one or more of the following in the field survey: triglycerides (TGs) ≥ 1.70 mmol/l, cholesterol (TC) ≥ 5.18 mmol/l and low-density lipoprotein cholesterol (LDL-C) ≥ 3.37 mmol/l (25). AF was defined as reported by the respondent or diagnosed by ECG. Current smoking (≥1 cigarette per day) was defined by subjects' self-report. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m2) and overweight/obesity was defined as BMI ≥ 26 kg/m2 (26). Physical inactivity was defined as physical exercise <3 times a week for <30 min each time (27). A family history of stroke was restricted to immediate family members.

Subjects with at least three of the aforementioned eight risk factors were classified as a high-risk population for stroke. Subjects with fewer than three of these risk factors were classified as low-risk stroke populations (21, 28). The risk assessment scales were designed by the CNSSS and have been proved to have good reliability and validity compared with the modified scale of the Framingham Stroke Profile, and can be used as an evaluation tool for stroke risk assessment (29).



Data Cleaning Procedures, Quality Control, and Selection of Low-Risk Population for Stroke

The detailed data cleaning procedure were presented in Figure 1. Briefly, 18,595 participants participated in a face-to-face survey and questionnaires were obtained from 17,413 participants. The response rate was 93.6% (17,413/18,595). The 521 participants with incomplete questionnaires on stroke history or risk factors records (i.e., hypertension, diabetes, dyslipidemia, AF, overweight, smoking, physical inactivity, and family history of stroke) were excluded. Finally, 16,892 valid individual records were completed. Among 16,892 participants, 2,369 were classified as a high-risk population for stroke.
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FIGURE 1. Data preparing and cleaning process in this survey.


The interviewers were physicians or neurologists from community hospitals, who had at least 5 years of education in medicine. The quality of the measurements and data collection were maintained by implementing uniform training and standardized protocols. The staff involved in the survey were trained by the CNSSS program and passed the examination at the end of the train.

According to the CNSSS program, carotid characteristics were assessed by high-resolution B-mode ultrasound in the high-risk population for stroke in the second survey stage (21, 28). To determine the difference in carotid characteristics between high-risk and low-risk populations for stroke, 1,011 controls were selected among the low-risk population for stroke in the 8 communities using 2:1 matched case-control method as the age and sex matched, according to the criteria: (1) age ≥ 40 years; (2) age and sex were matched with high-risk stroke population; (3) carotid was assessed by high-resolution B-mode ultrasound.



Carotid Ultrasonography

Bilateral common and internal carotid arteries, and bifurcations, were examined using a diagnostic ultrasound device (type 512, Acuson Sequoia Apparatus, 7.5-MHz probe, Berlin, Germany) in 2,125 high-risk populations for stroke (244 were unwilling to accept the examination) and 1,011 low-risk population for stroke, according to standard scanning and reading protocols (30, 31). Carotid characteristics, namely, intima-media thickness (IMT), plaque morphology, and degree of carotid stenosis were evaluated. The detailed procedures for evaluating plaques, types of plaques, degree of carotid stenosis, IMT, and intraobserver and interobserver coefficients were described in our previous study (30, 32). Carotid characteristics were graded independently by an ultrasound imaging doctor blinded to the clinical status of participants.



Statistical Analysis

According to the CNSSS program, the survey should cover at least 1% of the local residents. According to the sixth national population census in 2010, there were 167,553 residents aged ≥ 40 years in the eight communities (33), 10% of the targeted population, therefore, the expected sample size was 16,755. Furthermore, the sample size (N) necessary for this survey was calculated based on a prevalence (p) of stroke of 2.37% among adults aged ≥ 40 years in China (34), with a 0.5% uncertainty level (d), using the formula n = tα2pq/d2 (t = 1.96, α = 95% for both sides; q = 1 – p). We calculated a required sample size of 16,765, considering a loss to follow-up rate of 10%, the planned sample size was 18,628 (16,765/0.90). Finally, 18,595 participants aged ≥ 40 years participated in this survey (Figure 1).

Descriptive analyses were conducted to determine the distribution of the demographic data and risk factors in the study population using SPSS 17.0 (SPSS Incorporation, Chicago, Illinois, USA). Categorical variables are presented as proportions and were compared using the chi-squared tests between different subgroups. The adjusted odds ratios (ORs) and 95% CIs of each risk factor for stroke prevalence rate were derived using unconditional multivariate logistic regression models, fully adjusting for all other potential confounders, namely, age, sex, education, smoking, urban/rural residency, physical inactivity, overweight, hypertension, dyslipidemia, diabetes, AF, and family history of stroke.

We calculated population-attributable risks (PARs) of the high-risk population for stroke from the model using the Bruzzi method for determining the confounder-adjusted PAR (35). The 95% CIs were evaluated for the PARs according to the previously described procedure (36). All the tests were two-sided and P < 0.05 was considered as statistically significant.




RESULTS


Baseline Characteristics of Survey Population

In total of 16,892 participants, 2,369 (14.0%) were high-risk population for stroke. As shown in Table 1, the prevalence of high-risk population for stroke increased with age (P < 0.001), but decreased with educational level (P < 0.001). In addition, the prevalence of high-risk population for stroke was significantly higher in men than women and rural residents than urban residents (P < 0.001) (Table 1).


Table 1. Demographic characteristics of study population.
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Stratified by the eight risk factors for stroke, the prevalence of the high-risk population for stroke was the highest in the individuals with hypertension (25.2%), followed by those with AF (25.0%), diabetes (24.4%), dyslipidemia (21.1%), family history of stroke (19.9%), physical inactivity (17.6%), and smoking (16.6%) (P < 0.001, Table 1). The prevalence of high-risk population for stroke showed significant differences according to the eight stratified risk factors.

Among the low-risk population for stroke, we randomly selected 1,011 population (controls) by age and sex were matched with the high-risk population for stroke. The results showed that the prevalence of all eight risk factors and levels of TC, TG, and LDL-C were significantly higher in the high-risk population for stroke than the low-risk population for stroke (all P < 0.001, Table 1).

Furthermore, we conducted a subgroup analysis evaluating stroke risk factors by residential areas and sex. The prevalence of overweight/obesity, smoking, dyslipidemia, family history of stroke was higher, educational level, the proportion of antihypertensive treatment, hypoglycemic treatment, and statins were lower in rural residents than in urban residents (Table 2). The prevalence of overweight/obesity, smoking, physical inactivity, hypertension, dyslipidemia was higher, the proportion of antihypertensive treatment, hypoglycemic treatment, and statins was lower in men than women (Table 3).


Table 2. Stroke risk factors comparison between the rural and urban areas.
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Table 3. Stroke risk factors comparison between men and women.
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Risk Factors for High-Risk Stroke Population

The multivariate logistic regression analysis was used to evaluate the risk factors for high-risk population for stroke. After full adjustments, all the eight risk factors and high level of TC, TG, and LDL-C were significantly associated with high-risk population for stroke (all P < 0.001, Table 4). The strongest risk factors for the high-risk population for stroke were hypertension (OR = 3.46, 95% CI = 1.82–6.13) and physical inactivity (OR = 2.45, 95% CI = 1.72–4.47), followed by dyslipidemia (OR = 2.27, 95% CI = 1.56–3.36), overweight/obesity (OR = 1.66, 95% CI = 1.35–2.42), diabetes (OR = 1.54, 95% CI = 1.33–2.28), family history (OR = 1.41, 95% CI = 1.26–1.95), smoking (OR = 1.35, 95% CI = 1.23–1.74), and AF (OR = 1.28, 95% CI = 1.14–1.63) (Table 4).


Table 4. Odds ratios and population-attributable risk factors for the high-risk stroke population by the multivariable regression models.
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After full adjustments, hypertension (28.4%), physical inactivity (14.2%), and dyslipidemia (11.2%) were three risk factors with the largest contributions to the PAR of the high-risk population for stroke. Diabetes, overweight/ obesity, family history, smoking, and AF accounted for < 10% of the total PAR of the high-risk population for stroke (Table 4).



Comparisons of Carotid Characteristics Between High- and Low-Risk Populations for Stroke

As shown in Table 5, compared with the low-risk population for stroke, the proportion of IMT > 1 mm in the common carotid artery, carotid stenosis > 50%, and carotid plaques including echolucent plaque or echogenic plaque were significantly higher in the high-risk population for stroke (P < 0.001, P = 0.021, and P < 0.001, respectively), these indicated that carotid atherosclerosis was more serious in a high-risk population for stroke compared with low-risk population for stroke.


Table 5. Comparison of carotid atherosclerosis between the high-risk stroke population and low-risk stroke population.
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DISCUSSION

Based on the CNSSS program in China, we conducted this survey, and provided more recent and up-to-date data on the prevalence of high-risk populations for stroke and the contribution of risk factors for the high-risk population in Sichuan. The results showed that the prevalence of high-risk population for stroke was very high, all eight risk factors for stroke were significantly associated with the high-risk population for stroke, the largest contributor was hypertension (PAR 28.4%), followed by physical inactivity, dyslipidemia, overweight/ obesity, diabetes, family history, smoking, and AF.

Hypertension is the most important risk factor and contributor to stroke (6, 12). The prevalence of hypertension substantially increased from 1979 to 2014 (national average prevalence of 28% between 2013 and 2014) in China, and there has been a geographical gradient in the prevalence of hypertension, which is highest in northeast China (13, 14). Despite the proportions of awareness and the treatment and control of hypertension are improving in recent years, the proportion of people whose hypertension is controlled is <20% in China, which is significantly lower than in the USA or the UK (14, 15). In this survey, we found that the prevalence of hypertension was 41.5% (7,018/16,892) in Sichuan, it was higher than the national average prevalence of 28% (13), and hypertension was the largest contributor for the high-risk population for stroke. However, only 29.7% (2,082/7,018) of patients with hypertension were receiving antihypertensive treatment in the survey population. The high prevalence of hypertension and low proportion of antihypertensive treatment may be important causes of the high prevalence of the high-risk population for stroke in Sichuan. These data emphasize the crucial importance of improving blood pressure control.

Physical inactivity was ranked as the second important risk factor among the eight risk factors, with PAR of 14.2%, followed by dyslipidemia, overweight/ obesity, diabetes, family history of stroke, smoking, and AF in this survey. These indicate that China has experienced rapid sociodemographic changes and health transitions, the prevalence of major risk factors for stroke has changed due to comprehensive changes in lifestyle and dietary habits that have occurred in recent years.

Physical inactivity has been proved to be associated with an increased risk for stroke (37). The protective effect of physical activity may play an important role in reducing blood pressure and blood lipid levels and controlling other risk factors for stroke, such as diabetes and overweight/obesity (38, 39). However, the population in physical inactivity increased by 25% from 1991 to 2011, consequently increasing the risk of being overweight/obesity and the related metabolic abnormalities in the Chinese population (40). Smoking was another behavioral risk factor for stroke, which has been widely acknowledged nowadays. In contrast to previous studies (41), smoking only accounted for 5.9% of the PAR for the high-risk population for stroke in this study. This may be due to the significant decrease in the prevalence of smoking from 30.4% in 1980 to 24.2% in 2012 (42). Based on the findings, a healthy lifestyle is very important in reducing the prevalence of the high-risk population for stroke.

In this study, it was shown that metabolic factors (i.e., dyslipidemia, diabetes, and overweight/obesity) were also associated with the high-risk population for stroke. The dietary habit of the population may affect the risk factors. The traditional Chinese diet, characterized by high intakes of refined cereal products, salted vegetables, sodium, fat and red meat and low intakes of fruit and vegetables, is associated with an elevated risk factors for stroke. Recent studies showed that many diet-related risk factors, namely, hypertension, overweight/obesity, dyslipidemia, and diabetes increased in the past several decades in China. Prevalence of dyslipidemia increased from 8% in 1985 to 11.2% in 2014 in China (41, 43). Increased energy intake of fat may increase obesity and dyslipidemia, consequently increasing the risk of related metabolic abnormalities (44). High sodium intake is associated with an increased risk of both hypertension and stroke (13). Changing lifestyles, namely, increased consumption of red meat, low consumption of vegetables and fruit, and physical inactivity, have resulted in the rapidly rising rates of diabetes in China (45). Although personal daily consumption of fruit and vegetables among the Chinese population has gradually increased since the 1980s, consumption is still below nationally recommended amounts. According to our results, the proportions of hypoglycemic treatment and statins were very low in the population with diabetes and dyslipidemia. Thus, clinical control of dyslipidemia and diabetes, healthy dietary habits are necessary for preventing high-risk populations for stroke (46).

Previous studies demonstrated that the prevalence of stroke was significantly higher in men than in women, in rural population than in the urban population in China (6, 12). This study showed that the prevalence of high-risk population for stroke was significantly higher in men than in women, in rural residents than in urban residents. This may result from the high prevalence of risk factors for stroke and a low proportion of antihypertensive treatment, hypoglycemic treatment, and statins in men than in women, in rural residents than in urban residents. These alarming trends indicate the need for better interventions for these vulnerable populations.

Numerous studies have shown that carotid atherosclerosis is a very important etiology and a risk factor for stroke (30–32, 47). In this study, we found that the prevalence of IMT thickening (IMT > 1 mm), vulnerable plaque, and ≥ 50% carotid stenosis was higher in the high-risk population for stroke than in the low-risk population for stroke. The results suggest that it is important to control risk factors for stroke and reduce the high-risk stroke population for preventing carotid atherosclerosis occurrence and development.

This was a multicenter, cross-sectional, and community-based high-risk stroke population survey involving a large representative sample of Sichuan in southwestern China. We identified a high prevalence of high-risk population for stroke and contribution of risk factors for high-risk population, and high prevalence of IMT thickening, vulnerable plaque, and ≥ 50% carotid stenosis among adults aged ≥ 40 years in southwestern China. This survey is interesting because it underlines the importance of accompanying economic improvement with educational interventions both for the population and for doctors to avoid a simultaneous increase in known risk factors for stroke. These results are also very important for the primary prevention of stroke.

Although this was the most recent survey of the high-risk population for stroke and associated risk factors, this cross-sectional survey involved a large representative sample of Sichuan in southwestern China. This study has several limitations. First, this survey only sampled residents for age ≥ 40 years; therefore, our current results cannot be generalized to all the population groups in southwestern China. Second, this study was a cross-sectional study, and there may have been a recall bias because of the self-reported questionnaire. Moreover, although of large sample size, the nature of the cross-sectional study design, we did not eliminate biases of the calculation of PAR for risk factors. Thus, follow-up of the participants is necessary for the future. Third, some other risk factors (such as alcohol intake, air pollutants, and dietary patterns) are shown to contribute to stroke risk. However, we were unable to involve them in the analyses due to the lack of this information in this survey. Finally, this study was the absence of prospective follow-up of participants and longitudinal outcomes data in this stage, these may make the calculation of PARs of limited value. Thus, we will follow up with the participants and analyze the prevalence of stroke to fill the important gap in our future studies.



CONCLUSION

In this study, we have identified a high prevalence of high-risk population for stroke, and contribution of risk factors for high-risk population among adults aged ≥ 40 years in southwestern China. All the eight risk factors for stroke were significantly associated with the high-risk stroke population; the largest contributor was hypertension, followed by physical inactivity, dyslipidemia, overweight/obesity, diabetes, family history, smoking, and AF. Carotid atherosclerosis was more serious in the high-risk stroke population. Thus, individual-level and population-level interventions for these leading risk factors are very important for the primary prevention of stroke.
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