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The epidemiological characteristics of transient ischemic attacks (TIAs) in China are unclear. In 2013, we conducted a nationally representative, door-to-door epidemiological survey on TIA in China using a complex, multistage, probability sampling design. Results showed that the weighted prevalence of TIA in China was 103.3 [95% confidence interval (CI): 83.9–127.2] per 100,000 in the population, 92.4 (75.0–113.8) per 100,000 among men, and 114.7 (87.2–151.0) per 100,000 among women. The weighted incidence of TIA was 23.9 (17.8–32.0) per 100,000 in the population, 21.3 (14.3–31.5) per 100,000 among men, and 26.6 (17.0–41.7) per 100,000 among women. No difference in average prognosis was found between TIA and stroke in the population. Weighted risk of stroke among TIA patients was 9.7% (6.5–14.3%), 11.1% (7.5–16.1%), and 12.3% (8.4–17.7%) at 2, 30, and 90 days, respectively. The risk of stroke was higher among male patients with a history of TIA than among female patients with a history of TIA (OR: 2.469; 95% CI: 1.172–5.201; P = 0.018), and higher among TIA patients with hypertension than among TIA patients without hypertension (OR: 2.671; 1.547–4.613; P < 0.001). It can be concluded that there are an estimated 1.35 million TIA patients nationwide, with 0.31 million new cases of TIA annually in China. TIA patients were not better managed prior to a stroke event. Early risk of stroke among TIA patients is high. Sex and hypertension may be stroke-associated prognostic factors among TIA patients. TIA clinics and surveillance should be integrated into the national health-care system.
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INTRODUCTION

A transient ischemic attack (TIA) requires special attention because it is a harbinger of a stroke event. Epidemiological data on TIA events in the general population may be different from clinical data from hospital-based studies and better suited for the prevention and control of TIA and stroke in the general population. Regrettably, TIA prevalence and incidence in the general population may be overestimated because many cases of alleged TIA were included in a few population-based studies that did not rely upon a dependable diagnostic standard and in which patients self-reported TIA symptoms (1, 2). In addition, it may be more meaningful to estimate TIA prognosis in the population on the basis of TIA prevalence and incidence in the population. It is unclear whether a difference between TIA and stroke prognosis exists. Furthermore, early stroke risk and stroke-associated prognostic factors in all cases of TIA survivors in the population are also unclear. Accordingly, we investigated the prevalence, incidence, prognosis, early stroke risk, and stroke-associated prognostic factors of TIA in China by traditional epidemiological methods.

MATERIALS AND METHODS

Sampling Design and Participants

A complex, multistage probability sampling design was used to define the sampling frame and the participants (3, 4). The sampling frame for this survey was the National Disease Surveillance Points (DSPs) System with a population of about 74 million people, which may represent the 2010 China national census data with respect to geographical distribution, social status, and economic status. For the determination of the sampling frame, the primary cluster unit (PSU) was cities in urban areas and counties in rural areas. The 2010 Census data and the probability proportionate to population size sampling (PPS) were used to select 64 cities and 93 counties across 31 provinces of China (i.e., 157 DSPs or survey sites in Figure 1).
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FIGURE 1 | Distribution of survey sites in 31 provinces of China.



The sample size for this survey was calculated at approximately 600,000 subjects based on a 1% TIA prevalence, which was postulated on the base of increased risk factors in population and a 6.2/1,000 TIA prevalence from a previous epidemiological survey on TIA prevalence with the same method in six cities in China (5), with two-sided estimates of 95% CI, a design effect (deff) value of 5, and a relative error of 15%, according to the complex sampling formula as follows:
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In the first stage of sampling within the sampling frame, the unit of sampling was a “neighborhood” (Jiedao) within cities, or “townships” (Xiang) in rural areas. Both “Jiedao” and “Xiang” represent communities with a primary government and a population ranging from 30,000 to 100,000 people. PPS sampling was again used for the selection of units at this stage, such that the probability of selection was based on the population size of the neighborhood or township. In the second stage of sampling, one or more neighborhood committees (administrative villages) with a total population of at least 4,500 residents (approximately 1,500 households) were selected from the sampled neighborhoods (townships) in each sites using random cluster sampling. The participants were people who had lived in the county (or district) for at least 6 months in the past year. Families and family members who refused to participate were not replaced.

In this retrospective epidemiological survey, TIA point prevalence was defined as the rate of a first-time TIA in the life time of an individual among the survival people prior to midnight on August 31, 2013 from the sampled families. TIA incidence was defined as the rate of the first TIA within a year among the survival population prior to midnight on August 31, 2012 from the sampled families. For this survey, 602,715 people were evaluated in 155 DSPs, with a response rate of 80.8% among 745,588 people.

Preparations, Case Ascertainment, and Quality Assurance

In the beginning of this survey, an operational manual was widely discussed with a variety of experts including epidemiologists, neurologists from around the world, and senior practitioners from the Centers for Disease Control and Prevention (CDC) in 2012; this manual was further modified according to the findings of pilot investigations performed in Chaoyang District, Beijing and Xingtang County, Hubei Province in 2013. National training sessions for trainers and provincial training sessions for investigators were held in 2013 before the survey. Simultaneously, the sample population to be surveyed was chosen from 157 DSPs across 31 provinces. In the defined sample population, the organization and mobilization of the survey were performed by provincial and local CDCs along with health and administration authorities.

From 1 September 2013 through 31 December 2013, CDC investigators visited each household in the sample population to collect the participants’ signed informed consent forms and complete the preliminary screening form, including basic information about family members, family deaths since 1st January 2012, and positive TIA or stroke symptoms experienced by family members. Participants who had positive TIA or stroke symptoms were invited to see a neurologist in a town/village clinic. Definite and probable TIA or stroke diagnoses were determined after the neurologist completed a physical examination and reviewed previous medical documents, including cardio-cerebro-vascular-related medical records, computed topography (CT)/magnetic resonance imaging (MRI) scans, and an identity card or household register. In this survey, participants with suspected stroke or TIA symptoms were identified by CDC investigators and interviewed by neurologists. Ultimately, 829 cases of first-ever TIAs were diagnosed by neurologists. Among them, 183 cases of first-ever TIAs occurred between September 1, 2012 and August 31, 2013 (see Figure 2).
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FIGURE 2 | Flowchart for stroke and transient ischemic attack (TIA) case ascertainment. Note: DSPs, disease surveillance points; CDCs, centers for disease control and prevention.



Quality control was involved in all phases of the survey and supervised preparations, field works, and data processing. Three tiers of a quality control network separately formed by CDC investigators and hospital neurologists, i.e., national, provincial, and local groups of quality control, were established to supervise investigators, organization, and mobilization of the survey, and questionnaire inquiries. All of the questionnaires were mailed to the Beijing Neurosurgical Institute at the end of the investigation, checked by research staff, and then doubly input into a database by specialized staff according to a strict procedure. In this survey, two DSPs were excluded because the investigation had poor quality or was incomplete.

Diagnostic Criteria

In this epidemiological study, a TIA was defined as the sudden onset of a focal neurologic symptom or sign lasting less than 24 h, presumably brought on by a transient decrease in blood supply that rendered the brain ischemic in the area producing the symptom (6). A definite TIA was defined as the sudden onset of transient limb paralysis, with or without other signs, lasting up to 24 h and leaving no significant deficits. A probable TIA was defined by other transient focal neurologic deficits lasting up to 24 h (7). Possible TIAs with an ambiguous history of symptoms, non-focal symptoms, or vague for anxiety or emotional symptoms were excluded because too many cases were found that could not be properly diagnosed in a population-based study.

The minimum criterion for definite or probable stroke was evidence of a sudden or rapid onset of neurological symptoms lasting for >24 h or leading to death without evidence of a non-stroke cause (8).

Ethical Approval

This study was approved by the Ethics Committee of the Beijing Tiantan Hospital affiliated with the Capital Medical University, shared by the Beijing Neurosurgical Institute. Informed consent was obtained from all participants or their caregivers. This study was performed in accordance with the Declaration of Helsinki.

Statistical Analysis

Statistical analyses were conducted on weighted data to account for the complex sampling designs. Weighted coefficients were calculated by considering sampling weights, non-response weights, and post-stratification weights to obtain the national estimates using SAS® software version 9.4 (SAS Institute Inc., Cary, NC, USA). Population information from the 2010 China census data was used to calculate post-stratification weights.

Estimates of prevalence, incidence, and 95% confidence intervals (CIs) of TIAs were computed by age and sex groups. The prognosis for TIA in the population was estimated based on the prevalence and incidence of TIA in the population, which was different from the prognosis estimates in the TIA cohort. Prognostic factors associated with stroke in TIA patients were determined using complex samples logistic regression analyses after adjusting for different explanatory factors. The explanatory risk factors included: age group (25–34/≥35–44/45–54/55–64/65–74/75–84/≥85); sex (men/women); duration of TIA (≤10/10 min to 1/≥1 h/unknown); ethnicity (Han ethnicity/other ethnicity); education (primary school/middle school/college and higher); marriage status (single or windowed/married); occupation (retiree or homemaker/farmer/worker or employee or entrepreneurs); hypertension (defined as having a history of hypertension, or taking antihypertensive medication in the recent 4 weeks, having a systolic blood pressure ≥140 mm Hg or having a diastolic blood pressure ≥90 mm Hg; yes/no); history (yes/no/unknown) of diabetes mellitus, hyperlipidemia, atrial fibrillation, and coronary heart disease; smoking (regular smoking/occasional smoking/quit smoking/never smoked/unknown); drinking (regular drinking/occasional drinking/quit drinking/never drank/unknown). All of these statistical calculations on complex samples were performed using SPSS 15.0 software (SPSS Inc., Chicago, IL, USA). P < 0.05 was considered statistically significant.

RESULTS

The characteristics of the study sample from the national epidemiological survey of TIAs in China, 2013 are shown in Table 1. Among the 596,536 people evaluated for the prevalence analysis, 829 cases (326 definite plus 503 probable) of first-ever TIAs in a lifetime were investigated on August 31, 2013 (see Table 2; Tables S1 and S2 in Supplementary Material). Among the 595,711 people assessed for the incidence analysis, 183 (82 definite and 101 probable) first-ever TIAs were found between September 1, 2012 and August 31, 2013 (see Table 3; Table S2 in Supplementary Material).

TABLE 1 | Characteristics of the study sample from the national epidemiological survey of transient ischemic attacks (TIAs) in China, 2013.
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TABLE 2 | Prevalencea of transient ischemic attack (TIA) in China, 2013 (1/100,000 person*life time).
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TABLE 3 | Incidencea of transient ischemic attack (TIA) in China, 2013 (1/100,000 person*years).
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Prevalence of TIA

In China, the weighted prevalence of TIA was 103.3 (95% CI: 83.9–127.2) per 100,000 in the population, 92.4 (95% CI: 75.0–113.8) per 100,000 among men, and 114.7 (95% CI: 87.2–151.0) per 100,000 among women; 95.0 (95% CI: 70.1–128.8) per 100,000 among urban residents, and 112.6 (95% CI: 85.4–148.5) per 100,000 among rural residents; 73.7 (95% CI: 50.2–108.3) per 100,000 among eastern Chinese, 116.2 (95% CI: 84.7–159.5) per 100,000 among central Chinese, and 132.4 (95% CI: 92.9–188.5) per 100,000 among western Chinese (see Table 2, Figure 3). According to the above-estimated prevalence, there were an estimated 1,353,738 (95% CI: 979,093–1,728,384) TIA patients in the population with 619,184 (95% CI: 462,437–775,931) male TIA patients and 734,555 (95% CI: 482,160–986,949) female TIA patients in China (see Table 2).
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FIGURE 3 | Prevalence [(A), 1/100,000 person*life time] and incidence [(B), 1/100,000 person*years] of transient ischemic attack (TIA) in China, 2013.



Incidence of TIA

In China, the weighted incidence of TIA was 23.9 (95% CI: 17.8–32.0) per 100,000 in the population, 21.3 (95% CI: 14.3–31.5) per 100,000 among men, and 26.6 (95% CI: 17.0–41.7) per 100,000 among women; 21.1 (95% CI: 13.8–32.3) per 100,000 among urban residents, and 27.0 (95% CI: 18.2–39.9) per 100,000 among rural residents; 12.2 (95% CI: 8.3–17.9) per 100,000 among eastern Chinese, 30.2 (95% CI: 19.2–47.7) per 100,000 among central Chinese, and 34.0 (95% CI: 20.8–55.7) per 100,000 among western Chinese (see Table 3; Figure 3). Marginally statistical difference in the incidence of TIA was found between eastern and central or western Chinese. According to the above-estimated incidence, there were an estimated 311,295 (95% CI: 200,790–421,800) TIA patients annually in the population, with 141,666 (95% CI: 83,218–200,113) male TIA patients and 169,630 (95% CI: 83,393–255,866) female TIA patients in China (see Table 3).

Prognosis for TIA in the Population

In China, the average prognosis for TIA in the population was estimated to be 4.326 (95% CI: 3.524–5.310) years based on estimates of point prevalence in a lifetime and the annual incidence of TIA, whereas the average prognosis for a stroke in the population was approximately 4.567 (95% CI: 4.173–4.999) years. No prognostic difference between TIA and stroke in the population was found.

Early Risk of Stroke

Weighted risk of stroke among TIA patients was 9.7% (6.5–14.3%), 11.1% (7.5–16.1%), and 12.3% (8.4–17.7%) at 2, 30, and 90 days, respectively; whereas that among TIA patients with stroke was 52.0% (38.8–65.0%), 59.2% (44.6–72.3%), and 65.6% (50.5–78.1%) at 2, 30, and 90 days, respectively. Given that TIA cases occurred between June 1, 2013 and August 31, 2013 might be right-censored, sensitivity analyses after excluding these cases showed that weighted risk of stroke among TIA patients was 9.9% (6.5–14.6%), 11.0% (7.4–16.0%), and 12.2% (8.3–17.6%) at 2, 30, and 90 days, respectively; whereas that among TIA patients with stroke was 51.7% (37.5–65.7%), 57.6% (42.6–71.4%), and 64.1% (48.5–77.3%) at 2, 30, and 90 days, respectively.

Stroke-Associated Prognostic Factors

Table 4 shows stroke-associated prognostic factors of TIAs. The risk of stroke was higher among male patients with a positive TIA history than among female patients with a positive history of TIA (OR: 2.469; 95% CI: 1.172–5.201; P = 0.018). The risk was also higher among TIA patients with hypertension than among TIA patients without hypertension (OR: 2.671; 95% CI: 1.547–4.613; P < 0.001).

TABLE 4 | Stroke-associated prognostic factors of transient ischemic attack (TIA) in China, 2013.
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DISCUSSION

Transient ischemic attack case ascertainment and diagnosis are major challenges in epidemiological surveys of TIA. Regarding the diagnostic criteria for TIA in the population, we still defined TIA as the sudden onset of a focal neurologic symptom or sign lasting less than 24 h, presumably brought on by a transient decrease in blood supply causing brain ischemia in the area producing the symptom. This definition is endorsed in the epidemiological survey by 2009 guidelines from the American Heart Association and American Stroke Association (AHA/ASA) for better practice and comparison with other previous epidemiological surveys (6). In contrast to other previous studies, we concurrently investigated TIA and stroke cases in the population with the discriminating factor of a time window of 24 h for focal neurologic symptom or sign duration rather than using a CT or MRI check-up because the former can apply to all cases of TIA or stroke in the population. Furthermore, a higher rate (e.g., 19.9% in this survey) of silent lacunar cerebral infarction in the population with a CT or MRI check-up also contrasts with using CT or MRI check-ups in the epidemiological survey. Additionally, cases of self-reported TIA symptoms from other studies were excluded from the possible TIA category because it was too difficult to diagnose these cases due to the lack of exclusive symptoms and signs in TIA, particularly in the posterior circulation. Only definite or probable TIA diagnoses were included in this survey based on TIA event progression, as defined by neurologists, from all cases with positive stroke or TIA symptoms in the preliminary screening form. A previous study found that nearly half of the subjects who experienced a transient neurological attack (TNA) had symptoms that were not entirely typical for a TIA. The differences in the associations of risk factors with typical TIA and non-specific TNA suggest an alternative underlying mechanism for the symptoms that may lead to different ancillary investigations and potential treatment (9).

Currently, this is the largest-scale sampling survey on TIA in the world, including approximately 600,000 people. In China, a survey on the prevalence and incidence of TIA included 63,195 participants in six cities but was conducted 30 years ago (5). Another survey on prevalence included 98,658 participants nationwide and conducted 3 years ago (2). After age was standardized to the same corresponding population, the prevalence in this survey was lower than that found in previous surveys (1, 2, 5, 7). With regard to prevalence, a study from Japan found that the prevalence ratio of TIA in Japan is lower by approximately one-third to one-half of that in Western countries (10). Similar findings for prevalence were found in our studies and another previous study in China (5). However, two studies, one from Korea (11) and another from China (2), challenged the above impression. According to these studies, the prevalence of TIA in Asian people was not lower than that in Western countries (2, 11, 12). According to our survey, the incidence of TIA in China is higher than that in Dijon (France) during the periods of 1985–1989, 1995–1999, and 2000–2004 (13), in the IBERICTUS Study (Spain) (14), or in Novosibirsk (Russia) during the period of 1987–1988 (15), with results close to that in OCSP (England) (16), in Dijon (France) during the period of 1990–1994 (13, 17), in Segovia (Spain) (18), in Novosibirsk (Russia) during the period of 1996–1997 (15), in North East Italy (19), and in Joinville (Brazil) (20), but lower than those in Rochester (NY, USA) (21) or the Greater Cincinnati/Northern Kentucky (USA) (22), Umbria (Italy) (23) or Belluno (Italy) (24), Porto and UP Aguiar (Northern Portugal) (25), Aarhus (Denmark) (26), Sweden (27), and Auckland (New Zealand) (28). Figure 4 shows the annual incidence of TIA per 100,000 people per year in different all-age populations, with age standardized to the European population using Poisson distribution. Differences in rates of prevalence and incidence of TIA may be attributed to diverse experimental designs (including time-point stipulation for prevalence, exclusion of recurrent TIA for incidence, and prospective surveillance or retrospective surveys etc.), case ascertainment, diagnosis, and time period of the survey. Exploring demographic differences in TIA prevalence and incidence across populations calls for further studies using standard designs, case ascertainment, diagnosis, and concurrent implementation. However, difference in the incidence of TIA between eastern and central or western Chinese in this study may be due to difference in control to stroke-related risk factors. As seems to be confirmed by 32.8, 29.8, and 17.9% of hypertension control, respectively, in eastern, central, and western TIA patients with hypertension, although no corresponding data in population.
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FIGURE 4 | Annual incidence of transient ischemic attack per 100,000 people per year in different all-age populations, age standardized to the European population.



To our knowledge, this is the first study to infer TIA average prognosis in a population by point prevalence in a lifetime and the annual incidence of TIA. We found that the average prognosis for TIA in the population was 4.326 year (95% CI: 3.524–5.310), which was consistent with the average prognosis for stroke in the population. In other words, a TIA is similar to a stroke from perspective of prognosis in the population; however, TIAs are not appropriately treated before evolving into a stroke. Only 3.0% of 7,679 first-ever stroke patients in this survey had histories of TIA. The rate was lower than that in a previous report (29). This could be partially explained by the definitions of TIA and stroke, because no cases of TIA within 24 h prior to stroke were acknowledged in our study. By contrast, one-third of the 829 first-ever TIA patients developed strokes. This is consistent with the current belief that a third of TIA patients will have a stroke. And moreover, weighted early risk of stroke (6.5–14.3%, 7.5–16.1%, and 8.4–17.7% at 2, 30, and 90 days, respectively) among TIA patients in this study was consistent with pooled risk of stroke (4.9–14.9%, 9.8–17.1%, and 9.3–25.3% at 2, 30, and 90 days, respectively) in three studies with active outcome ascertainment (30). The immediate risk of stroke after a TIA may be underestimated owing to methodological problems in previous studies of prognosis, because whatever hospital-based and population-based cohort studies have reported risks of up to 10% at 7 days and 15% at 30 days (31, 32), similar to our findings. However, 52.0% of strokes occurred within 48 h of the TIA and 53.7% during the 7 days among TIA patients with stroke in this survey, implying that the “warning” time-window of stroke prevention is short and urgent. In the multivariate analyses, only male sex and hypertension were associated with a higher risk of stroke among TIA patients. However, we could not determine whether age, TIA duration, or diabetes in the ABCD2 score system (6) was independently associated with stroke in these cases.

The strengths of this study are its professional design, implementation, case ascertainment, and the diagnosis of TIA in this sampling survey. In contrast to other studies (2), replacement response was not allowed. Furthermore, TIA or stroke symptoms screened by a preset, structured questionnaire plus the professional diagnosis of a TIA guarantee the validity of the survey. Neurologists interviewed participants with positive TIA/stroke symptoms and ultimately confirmed 829 cases of TIA with information on the time of onset, duration, disappearance of symptoms, and a detailed description of symptoms confirming attributes of prevalence and incidence according to standards. However, a recall bias existed in this cross-sectional survey because we could not obtain accurate TIA information on dead cases within the defined periods of incidence, even though we examined all deaths in the period. Indeed, it was also difficult for elderly subjects to accurately recall an episode of TIA before having a stroke in their lifetimes. Contrary to evidence of increased prevalence and incidence of stroke with age, the prevalence and incidence of TIA decreased only in subjects of both sexes aged 75 years or older.

In conclusion, it is estimated that there are 1.35 millions of TIA patients in total and 0.31 million new cases of TIA annually in China. TIA patients did not routinely receive appropriate treatment before the development of a stroke. Early risk of stroke among TIA patients is high. Sex and hypertension may be stroke-associated prognostic factors among TIA patients. TIA clinics and surveillance should be integrated into the national health care system.
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