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ABSTRACT

Recent data on the incidence and trends for recurrent strokes in China are scarce. We assessed the temporal
trends in recurrent stroke incidence using in rural China. The age-standardized incidences of recurrent stroke,
within 5 years of the incident stroke event, were estimated for 3 time periods: 1992-1998, 1999-2005, and
2006-2012. Among the 768 documented incident stroke cases, 26.3% of the patients experienced recurrent
stroke within 5 years. The overall age-adjusted recurrent stroke incidence was 43.93 per 100,000 person-years
(1992-2012). During the 2006—2012 period, the recurrent stroke incidence per 100,000 person-years was 107.79
in men, and 557.76 in individuals 265 years old. There were significant upward tendencies observed in this
population across sex, age, or type of stroke (except for among individuals 265 years old with incident
intracerebral hemorrhages). Compared with the recurrent stroke incidence observed in the 1992-1998 period,
that observed during the 2006-2012 period was more than 3-fold higher; the greatest increase (6.8-fold) was
observed in women. These findings suggest an urgent need to improve risk factor management and implement
appropriate medical resources to contain this upward trend in recurrent stroke incidence and reduce the
overall stroke burden in China.

INTRODUCTION recurrent strokes is important to both patients and

society. Strokes are one of the leading causes of death
Recurrent strokes are more likely to be disabling or fatal and disability, worldwide [2], accounting for 9%
than incident strokes, and population-based studies have (almost 4.4 million) of all deaths each year [3]. Over the
documented that recurrent strokes account for more past 2 decades, there has been a notable increase (84%)
than 30% of all strokes [1]. Therefore, the prevention of in the absolute number of stroke survivors globally,
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despite a decreasing incidence of strokes in high-
income countries [4]. However, the number of stroke
survivors <75 years old is approximately 30% higher in
low- and middle-income countries than in high-income
countries [4].

In most Western countries, stroke-related mortality has
significantly declined over the past few decades, and the
number of stroke survivors has been increasing [5-7].
Thus, the risk of recurrent strokes is becoming more
important due to their increased likelihood of causing
disability and death [8-11]. In contrast with global
trends, the incidence of first-ever strokes has
dramatically increased in China [12, 13], especially in

rural China [14, 15]. China, a developing country with
one-fifth of the world’s population, reports 2.5 million
incident stroke cases each year and has approximately
7.5 million stroke survivors. Further, the rate of
recurrent stroke also remains high at 11.2% [11].

However, data regarding trends in the rate of stroke
recurrence, especially in conjunction with the increased
numbers of incident stroke cases, remains unknown in
China. This is compounded by the lack of the
population-based studies addressing the incidence of
recurrent strokes. Thus, we explored trends in the
incidence of recurrent strokes within 5 years of the
incident event, in a rural population in China.

Table 1. The descriptive characteristics of patients with first-ever stroke by gender and period in the Tianjin

Brain Study.

Recurrence within 5

Demographical Characteristics Total Non-recurrence P
years
Gender, n (%): 0.195
Men 461 (60.0) 129 (28.0) 332 (72.0)
Women 307 (40.0) 73 (23.8) 234 (76.2)
Total 768 (100) 202 (26.3) 566 (73.7)

Age of stroke, means (SD), years

64.92 (11.82)

66.25 (11.08)

64.45 (12.05)

Age groups, n (%) 0.164
<45 years 42 (5.5) 6 (3.0) 36 (6.4)
45~64 years 331 (43.1) 87 (43.0) 244 (43.1)
> 65 years 395 (51.4) 109 (54.0) 286 (50.5)
Education attainment, means (SD), years 3.06 (3.21) 2.98 (2.81) 3.10 (3.35)
Education groups, n (%): 0.743
0 year 313 (40.8) 71 (22.7) 242 (77.3)
1 to 6 years 365 (47.5) 116 (31.8) 249 (68.2)
>7 years 90 (11.7) 15 (16.7) 75 (83.3)
Time of following-up, means (SD), years 3.61 (1.69) 2.14 (1.37) 4.13 (1.48)
Types of first-ever stroke, n (%) 0.114
ICH 125 (100) 40 (32.0) 85 (68.0)
IS 643 (100) 162 (25.2) 481 (74.8)
Diagnosis by neuroimaging, n (%): 191 (61.4) 120 (59.4) 71 (65.1)
SD indicated standard deviation; ICH=Intracerebral hemorrhage; I1S=Ischemic stroke.
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Table 2. Age-adjusted incidence per 100000 person-years of the recurrent stroke during 1992 to 2012 by demographical

feature (95% Cl).

Category 1992-2012 1992-1998 1999-2005 2006-2012 P for trend

Gender:

Men 57.85(39.47, 76.23) 18.93 (7.29, 30.57) 43.42 (25.53,61.31) 102.79 (77.13, 128.45) <0.001

Women 30.92 (22.10, 39.74) 8.19(0.27, 16.11) 18.04 (6.06, 30.02) 62.06 (41.15, 82.97) <0.001

Total 43.93 (36.66, 51.20) 13.61 (6.51,20.71) 30.41 (19.60, 41.19) 81.23 (64.73,97.73) <0.001
Age group:

< 65 years 19.64 (14.49, 24.79) 5.54 (0.76, 10.32) 12.25 (5.41, 19.95) 38.46 (26.41, 44.67) <0.001

>65 years 314.61 (255.52,373.70)  103.58 (42.43, 164.73)  232.74 (143.38,322.10) 557.76 (428.28, 687.24) <0.001
Types of first-ever stroke:

ICH 8.68 (5.45,11.91) 4.25(0.29, 8.21) 5.82(1.33,10.31) 15.37 (8.18, 22.56) 0.033

IS 35.25(28.72, 41.78) 9.37(3.49, 15.25) 25.13(15.33, 34.93) 65.86 (50.98, 80.74) <0.001

ICH=Intracerebral hemorrhage, IS=Ischemic stroke.

RESULTS
Demographic features of stroke patients (1992-2012)

A total of 768 incident strokes were reported, including
461 (60%) in men and 307 (40%) in women. Of these,
202 (26.3%) patients experienced recurrent stroke
within 5 years, including 28.0% of the male and 23.8%
of the female patients. Patients suffering recurrent
strokes were younger (mean, 64.92 years) and had less
education (mean, 3.06 years) at the time of the incident
stroke than patients not suffering recurrent strokes.
Patients >65 years old accounted for 51.4% of the
recurrent stroke victims, and 88.3% of the victims did
not achieve middle school education. Recurrent strokes
were reported in 32% of patients experiencing incident
ICH and in 25.2% of patients with incident IS (Table 1).

Age-adjusted incidence of recurrent stroke (1992-
2012)

Overall, the age-adjusted incidence of recurrent stroke
was 43.93/100,000 person-years (95% CI, 36.66—
51.20); 57.85 (95% CI, 39.47-76.23) for men and 30.92
(95% CI, 22.10-39.74) for women. For patients
<6Syearsold, the corresponding incidence was 19.64;
for those >65years old, it was 314.61. The highest
incidence (557.76) was during the 2006-2012 period for

individuals >65 years old. There was a significant
upward tendency in the observed incidences during the
3 study stages (P<0.001), with similar findings for men
and women (P < 0.001), for those <65 or >65 years old,
for those experiencing incident ICH (P = 0.033), and for
those experiencing incident IS (P < 0.001) (Table 2).

Relative risk of age-adjusted incidences of recurrent
stroke

Table 3 shows that the age-adjusted incidences of the
recurrent stroke increased 1.36-fold during the 1999-
2005 period (P=0.006) and 5.03-fold during the 2006—
2012 period (P<0.001) compared with the 1992—-1998
period. A 1.35-fold increase in the age-adjusted
incidence of recurrent stroke was also observed during
the 2006-2012 period relative to the 1999-2005 period
(P<0.001). The trend in men was similar to the overall
trend; however, in women, the greatest increase in the
age-adjusted incidence of recurrent stroke was 6.82-fold
during the 20062012 period compared with the 1992—
1998 period (P<0.001).

Age-adjusted incidence of recurrent stroke by age
group

There was an upward trend in the age-adjusted
incidence of recurrent stroke during the 3 study stages,
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Table 3. Relative risk of the recurrent stroke during 1992 to 2012 by demographical feature.

Category 1992-1998 1999-2005 vs 1992-1998 2006-2012 vs 1992-1998 2006-2012 vs 1999-2005

Relative Risk (95% CI):

Gender:

Men 1.00 2.37(1.13,4.98)" 5.56 (2.85, 10.85)" 2.55(1.71, 3.81)"

Women 1.00 2.34 (0.72, 7.58) 7.82(2.78,22.04)" 3.35(1.61, 6.98)"

Total 1.00 2.36(1.26,4.43)" 6.03 (3.44, 10.58)" 2.35(1.45,3.78)"

Age group:

< 65 years 1.00 2.30(0.80, 6.62) 5.32(2.06, 13.73)" 2.31(1.16, 4.63)"

>65 years 1.00 2.25(1.11, 4.56)" 5.42 (2.87,10.24)" 2.41(1.54,3.78)"
Types of first-ever stroke:

ICH 1.00 1.55(0.44, 5.50) 4.08 (1.38, 12.07)" 2.63 (1.05, 6.63)"

IS 1.00 2.59(1.24,5.38)" 6.81(3.52,13.17)" 2.63 (1.67,4.14)

* indicated P<0.05

regardless of patient sex or incident stroke type in
patients <65 or >65 years old, except for incident ICH
in patients >65 years old (Table 4).

DISCUSSION

To our knowledge, this is the first report describing the
temporal trends in recurrent stroke incidence in China
based on a prospective, population-based study. In this
study, we assessed the age-standardized recurrent stroke
incidence within 5 years of the incident stroke in a rural
population in China. Of those experiencing a
documented incident stroke within the study period,
26.3% experienced a recurrent stroke within 5 years.
This yielded an overall age-adjusted recurrent stroke
incidence of 43.93/100,000 person-years. During the
2006-2012 period, the incidence was as high as
107.79/100,000 person-years in men and
557.76/100,000 person-years in individuals >65 years
old. The recurrent stroke incidence demonstrated a
significant upward trend during the 3study periods,
regardless of sex, age, or incident stroke subtype
(except for recurrent strokes among individuals >65
years old who experienced ICH as their incident stroke
event). Compared with the recurrent stroke incidence
during the 1992-1998 period, the incidence during the

20062012 period was >3-fold higher, with the greatest
increase (6.8-fold) observed in women.

Recurrent strokes cause significantly higher rates of
mortality and disability than the incident events [9-11,
16]. Thus, the increasing incidence of first-ever strokes
and the decreasing mortality rate associated with
incident events further augments the hazards associated
with recurrent strokes [9, 17, 18]. Patients surviving
incident stroke events also have significantly higher
risks of recurrent strokes than the general population
[19]. However, studies show considerable variation in
the short- and long-term risks of recurrent strokes [20].
For example, the 5-year cumulative risk of stroke
recurrence has been variously reported in population-
based studies as19% (Manhattan, USA), 29%
(Rochester, USA), 30% (Oxfordshire, UK), and 32%
(Perth, Australia) [21-24].

In the present study, we assessed the person-year
incidence of recurrent stroke in a rural, low-income
population, and estimated it to be 43.93/100,000 person-
years over a 21-year period. However, there was a much
higher incidence among stroke patients aged >65 years
(314.61/100,000 person-years) during the same period.
Further, during the 2006-2012 period, the incidence
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Table 4. Age-adjusted incidence per 100000 person-years of the recurrent stroke during 1992 to 2012 by

demographical feature and age (95% Cl).

Category 1992-1998 1999-2005 2006-2012 P for trend

< 65 years:

Gender:

Men 5.53 (0, 12.15) 17.52(5.51,29.53) 49.16 (30.38, 67.94) <0.001

Women 5.56 (0, 12.48) 6.75 (0, 14.55) 28.23 (13.22, 43.24) 0.001

Subtypes of first-ever stroke:

ICH 1.28 (0, 3.57) 3.43(0,7.27) 9.85(3.75, 15.95) 0.006

IS 4.26 (0.07, 8.45) 8.82 (2.65, 14.99) 28.61 (18.20, 39.02) <0.001
>65 years:

Gender:

Men 168.33 (57.49, 279.17) 332.06 (178.45,485.67)  433.96 (271.91, 596.01) 0.015

Women 37.48 (0, 89.24) 143.80 (45.58, 242.02) 439.01 (276.92, 601.10) <0.001

Types of first-ever stroke:

ICH 37.34 (0.61, 74.07) 25.90 (16.43, 35.37) 76.78 (28.62, 124.94) 0.141

IS 66.24 (17.32, 115.17) 206.84 (180.13,233.55)  480.99 (360.70, 601.28) <0.001

ICH=Intracerebral hemorrhage, IS=Ischemic stroke.

was 107.79/100,000 person-years in men and
557.76/100,000 person-years in individuals >65 years
old. This high incidence of recurrent strokes occurred
during a period with a high incidence of first-ever
strokes in the study population [25, 26].

Stroke is a cerebrovascular disorder caused primarily by
atherosclerotic  factors, other pathogenic factors
accounted for a few parts, such as Anderson-Fabry
disease (4%), etc [27, 28]. Poor management of
conventional risk factors, including hypertension,
diabetes, overweight, current smoking, and alcohol
consumption, may be considered the cause of the rapid
increases in the occurrence of both incident and
recurrent strokes in rural China. Lower rates of
awareness, treatment, and control for hypertension in
this population (which were 61.1%, 43.8%, and 12.0%
in 2011, respectively) can partly explain the great
increasement of the incidence of recurrent strokes in
this low-income population [29]. Moreover, the

previous studies indicated that patients with baseline
SBP >120 and <180 mmHg and lower total cholesterol
level, and those who did not receive cardiovascular
drugs had a worse outcome [30]. Vascular inflammation
related to hypertension attributed a pathogenetic role to
regulate and activate of inflammation-related cells and
various inflammatory mediators, the reduction of low-
grade inflammation in hypertension may be an
important target in order to reduce the cardiovascular
morbidity and mortality [31].

A few previous studies also demonstrated trends in the
incidence of recurrent stroke. The 4-year cumulative
risk of recurrent IS in Sweden was 11.8% in men and
9.8% in women during a 5-year period (2002-2006)
[10]; the values from previous studies were slightly
lower [9, 17, 18]. According to another Swedish study,
the risk of recurrent IS decreased by 55%over time in
younger stroke patients [32]. The Swedish Stroke
Register (Riks stroke) reported a downward trend in the
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1-year risk of recurrent IS between the 1998-2001 and
2007-2010 time periods, with a RR reduction of 20.0%
[32]. Similar trends have been reported in Taiwan and
Italy [33, 34]. In a population-based study, a 36%
decline in stroke recurrence was observed in 6,700
stroke patients between the 1995-1998 and 2004-2008
periods [35]. Further, stroke patients hospitalized in
2001 in Scotland had a 27% lower risk of recurrence
than those hospitalized due to strokes in 1986 [36].

Unlike the aforementioned studies, the current study
indicated a significant upward trend in the incidence of
recurrent strokes during the 3 study stages, regardless of
patient sex, age, or incident stroke subtype. Compared
with the recurrent stroke incidence for the 1992—-1998
period, the incidence had increased >3-fold during the
20062012 period, including a 6.8-fold increase in
women. Increases in the incidence of first-ever strokes
in the study population were consistent with the rise in
the incidence of recurrent strokes. Additionally, poor
management of the associated risk factors in this low-
income population [25, 26] and a lower frequency of
statin or antiplatelet drug use after IS likely contributed
to the increase in the recurrent stroke risk [37].

This study has 2 main strengths. First, the study
involved a rigorous, population-based, prospective
design that included strict case ascertainment, in-person
neurologist verification, and high follow-up rates.
Second, we evaluated the recurrent stroke incidence
using person-years. However, the study also had several
limitations. First, the limited sample size was not
representative of the general population of China. Thus,
these findings are not suitable for other population. The
second limitation was the low frequency of stroke
diagnoses using neuroimaging in this patient
population, which may affect the classification of stroke
subtypes. However, all patients included in this study
were symptomatic stroke; patients with silent strokes
were excluded. Thus, the incidence of recurrent strokes
may have been underestimated actually. Moreover, we
also assessed recurrent stroke incidence trends based on
overall rates of recurrence rather than on the rates of
stroke subtypes to minimize the impact of this
limitation.

CONCLUSIONS

This report describes the temporal trends in the
incidence of recurrent strokes in a rural, low-income
population in China. Among individuals suffering from
an incident stroke, 26.3% experienced recurrent strokes
within 5 years. Further, the incidence of recurrent
strokes increased in each of the 6-year study stages,
regardless of patient age, sex, or incident stroke subtype
(except within the oldest age group who experienced

incident ICH). The high incidence of first-ever strokes
and poor risk factor management in the study
population may explain the upward trend in recurrent
stroke incidence. These findings suggest an urgent need
to improve risk factor management and implement
appropriate medical resources to control the upward
trend in recurrent stroke incidence and the overall
burden of strokes in China’s low-income population.

MATERIALS AND METHODS
Study population

The study population and design were previously
described [14, 15, 25]. Briefly, the Tianjin Brain Study
was a population-based stroke surveillance study that
began in 1985 and was conducted in Tianjin, China.
The study included the 15,438 residents of the
township. The majority (95%) of the adults in the
township were low-income farmers with an annual per
capita income of < 100 USD (1990) to < 2000 USD
(2015) [26]. In 1991, the illiteracy rates for residents
35-74 years old were 30% for men and 40% for
women. The population characteristics remained stable
over the study period [29].

The ethics committee of Tianjin Medical University
General Hospital (TMUGH) approved the study
protocol and each participant provided written informed
consent.

Stroke definition

All included stroke events were symptomatic and were
diagnosed using pre-established criteria, including
clinical features and imaging evidence. First-ever
(incident) stroke was defined as the first occurrence
(based on medical records) of rapidly developing signs
of a focal neurologic disturbance of presumed vascular
etiology lasting >24 h [38].

Recurrent stroke was defined as a new stroke event
occurring >28 days after the incident stroke. The stroke
types included in this analysis were ischemic stroke (IS)
and intracerebral hemorrhage (ICH). IS was defined as
a thrombotic brain infarction, cardioembolic stroke, or
lacunar infarct.

Inclusion and exclusion criteria

Only patients who survived >28 days after the incident
event were entered into the present analysis. Patients
were included in the study if they participated in at least
5 years of follow-up, regardless of stroke recurrence.
All patients with transient ischemic attacks, suspected
stroke deaths without imaging evidence or confirmation
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by a neurologist, and silent strokes detected only by
imaging were excluded from this study. Deaths were
excluded if they occurred within 28 days of the incident
stroke. Monthly follow-up evaluations were conducted;
recurrent stroke events were classified using
information from interviews (during follow-up visits or
by telephone) with patients, next of kin, witnesses, and
attending physicians.

Event ascertainment and processes

The recruitment period was January 1, 1992 through
December 31, 2012, with follow-up completed on
December 31, 2017. During the surveillance period, all
stroke events and all-cause deaths were registered and
followed-up. Dates of death or emigration from the
township were based on population registries. All
changes in demographic information were recorded,
including births, deaths, immigrations (due to
marriages), and emigrations (due to entering a high
school or university, or working in the city). Local
residents who worked as seasonal workers in the city
were included in the study as they regularly returned to
the township for traditional festivals and during the
farming season.

Stroke events were reported according to predefined
procedures. First, local physicians reported initial stroke
events to the community hospital within 24 h of onset.
Second, community hospital physicians visited the
surviving patients within 72 h to obtain clinical feature
information and confirm the stroke. Each month, these
physicians reported confirmed stroke events (diagnosed
by imaging) to the quality management group in
TMUGH; suspected events (no imaging performed)
were also reported in a timely manner. Finally, as soon
as possible, a neurologist identified suspected cases
during door-to-door interviews.

The community hospital physicians and a neurologist
collected information regarding stroke onset during
interviews with the patient or patient’s family. The
collected information included patient demographics,
time of stroke onset, clinical signs, and previous stroke
status. The neurologist also obtained other information,
including therapy and post-discharge outcomes, during
interviews with the survivors or their family members.

Statistical methods

The study period was broken into 3stages:1992—1998,
19992005, and 2006-2012. Categorical variables are
presented as numbers (%) and between-group
differences were compared using chi-square tests (2
groups) or tendency chi-square tests (>2 groups).
Continuous variables are presented as means (standard

deviations), and between-group differences were
compared using Student’s t-tests (2 groups). The
incidence of recurrent strokes was calculated as the
cumulative incidence of recurrence events within 5
years after the incident stroke. Trends in the age-
standardized incidence of recurrent strokes are
expressed as relative risks (RRs) and 95% confidence
intervals (CIs). SPSS, version 19.0, for Windows
(SPSS, Chicago, IL, USA) was used for the analyses;
statistical significance was defined as P <0.05.
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