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ABSTRACT

Objectives Epidemiological studies aimed at stroke and
its risk factors can help identify persons at higher risk
and therefore promote stroke prevention strategies. We
aimed to explore the current prevalence of stroke and its
associated risk factors in northeast China.

Design Population based cross sectional study.

Setting Data were collected using a structured precoded
questionnaire designed by the Stroke Screening and
Prevention Programme of the National Health and Family
Planning Commission of China, between January and
March 2016.

Participants 4100 permanent residents, aged 40 years
or older, who had lived in Dehui City of Jilin Province for
more than 6 months volunteered to participate in the
survey, with a response rate of 92.2%. For the purpose of
the present analysis, 48 subjects were excluded due to
missing values, giving a total of 4052 people included in
this analysis.

Main outcome measure The questionnaire included
demographic characteristics, stroke related behavioural
factors, personal and family medical history of stroke,
physical examination and laboratory testing.

Results The overall prevalence of stroke in Jilin Province
was 7.2% (95% Cl 6.3% to 8.2%). Of all stroke cases,
91.7% (95% Cl 87.4% to 94.6%) were ischaemic stroke
and 8.3% (95% Cl 5.4% to 12.6%) were haemorrhagic
stroke. The prevalence rates of dyslipidaemia, smoking
and hypertension were ranked as the top three
cerebrovascular risk factors and were 62.1%, 61.8%

and 57.3%, respectively. We found that hypertension,
dyslipidaemia and lack of exercise were associated with
ischaemic stroke. However, only hypertension (OR=4.064,
95% Cl 1.358 to 12.160) was significantly associated with
haemorrhagic stroke.

Conclusions The prevalence of stroke, especially
ischaemic stroke, and associated cerebrovascular risk
factors among adults aged 40 years or older in northeast
China were high. A higher regional prevalence of
hypertension, dyslipidaemia and lack of exercise may be
responsible.

INTRODUCTION

The latest data from the Global Burden of
Diseases Study 2013 (GBD 2013) ranked
cerebrovascular disease as the second largest
contributor to death and disability adjusted

Strengths and limitations of this study

» This study was a population based cross sectional
study, representing a large sample from northeast
China (n=4052).

» A multistage stratified random cluster method was
used in the sampling process and complex weighted
computation was used in the data analysis to make
the result more reliable.

» There was an excellent response rate and a low
percentage of missing data in general.

» Limitations of the study were the properties of the
cross sectional study and recall bias of the self-
reported questionnaire.

» Another limitation was that the respondents’ atrial
fibrillation status was based on self-report and
ordinary ECG, which may be underestimated for
paroxysmal atrial fibrillation.

life years worldwide after ischaemic heart
disease.'* In the past several decades in devel-
oped countries, a greater reduction in the
age standardised stroke incidence has taken
place because of good health services and
effective strategies for cerebrovascular risk
factor prevention. However, the converse has
been shown for developing countries.’

Despite the advent of reperfusion thera-
pies, such as intravenous tissue type plasmin-
ogen activator and endovascular therapy,
for selected patients with acute ischaemic
stroke,” there is still a proportion of patients
with residual disability or cognitive deficits.
Therefore, effective prevention, especially
primary prevention, remains the best strategy
for reducing the burden of stroke.”®

Within the global stroke belt, China’s stroke
burden mirrors the situation seen in many
developing countries.” According to a report
from the WHO, the incidence of stroke in
China is still increasing at an annual rate of
8.7%, and has now become the leading cause
of death in China.®? In Jilin, a province of
intermediate economic development located
in the central part of northeast China, and
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within the China stroke belt, the stroke incidence was
nearly twice that of other regions.'"” However, the most
widely cited data on stroke gathered by epidemiological
investigation in Jilin Province were collected in the 1980s
and 1990s.""™" The Chinese lifestyle has changed greatly,
and the ageing population has increased during the past
few decades, which has led to changes in the prevalence
of stroke and its associated risk factors. This study aims to
estimate the prevalence of stroke and the pattern of its
related risk factors in northeast China.

METHODS

Study design and participants

This population based cross sectional study was part of
the Stroke Screening and Prevention Programme of the
National Health and Family Planning Commission of
China, which was one of the National Key Technology
Research and Development Programmes in China (grant
No. 2011BAIO8B01) and supervised by the Chinese
National Centre for Stroke Care Quality Control and
Management.'* ' The main aims of the survey were to:
(1) obtain updated and reliable data for the incidence,
prevalence and mortality of stroke in different regions of
China; and (2) access relevant data on stroke, including
risk factors, treatment and secondary prevention. Stroke
is usually thought of as a disease of the elderly, and
the cumulative effects of ageing on the cardiovascular
system and the progressive nature of stroke risk factors
over a prolonged period substantially increase the risks
of both ischaemic stroke and intracerebral haemor-
rhage. Because the stroke incidence and prevalence rates
showed a steep increase after the age of 39 years,'® the
Stroke Screening and Prevention Project Committee,
National Health and Family Planning Commission of
China, targeted residents aged 40 years or older as the
screening population.'

From January to March 2016, we conducted a
cross sectional study in Dehui City, which is located in
the north central part of Jilin Province. The rationale
for this period of time was that our team spent 3 months
performing this cross sectional survey. In contrast, the
stroke prevalence rate in our survey referred to the life-
time prevalence by the end of 2015, and new onset stroke
cases during this 3month survey were not counted to
avoid the influence of seasonal factors on the stroke prev-
alence. Finally, the reason for choosing January to March
was to increase the response rate and reduce sample
selection bias, making the study sample representative of
adults aged 40 years or older as many migrant workers
living in this area would return home for Spring Festival.
Multistage stratified random cluster sampling was used to
select permanent residents aged 40 years or older who
had lived in this area for more than 6 months. In the
first stage, 30 villages and 10 towns were selected from
308 villages (rural) and 14 towns (urban), respectively.
In the second stage, cluster sampling was used in the
selected areas. Respondents were interviewed in person

using a structured precoded questionnaire designed by
the Stroke Screening and Prevention Programme of the
National Health and Family Planning Commission of
China. The investigators had at least 5 years of educa-
tion in medicine. They had been uniformly trained and
passed the examination at the end of training.

Sampling size

According to the requirements of the Stroke Screening
and Prevention Project Committee of the National Health
and Family Planning Commission of China, screening
should cover at least 1% of the local residents aged 40
years or older. There were 335490 residents aged 40
years or older in Dehui City of Jilin Province, according
to the main data bulletin of the sixth national popula-
tion census in 2010,"” and therefore, the expected sample
size was 3355, 1% of the targeted population. The sample
size (N) necessary for this cross sectional study was calcu-
lated based on a prevalence (p) of stroke of 2.37% among
adults aged 40 years or older in China'” with a 0.5% uncer-
tainty level (d), using the formula n=to’pq/d* (where
t=1.96, a=95% for both sides; q=1-p). Using this equa-
tion, we estimated a required sample size of 3556 subjects.
Considering an estimated lost to follow-up rate of 20%,
the planned sample size was 4445 (3556/0.80). Finally,
4100 permanent residents aged 40 years or older who
had lived in Dehui City of Jilin Province for more than
6 months volunteered to participate in the survey, with
a response rate of 92.2% (4100/4445). For the purpose
of the present analysis, 48 subjects were excluded due to
missing values, giving a total of 4052 people included in
this analysis.

Data collection and measurement

All data were collected by face to face interviews. The
questionnaire included demographic characteristics
(eg, gender, age, education level and employment),
stroke related behavioural factors (eg, smoking, drinking,
exercise habits and diet), personal and family medical
history of stroke and chronic diseases (ie, hypertension,
diabetes mellitus, dyslipidaemia and atrial fibrillation),
and physical examination and laboratory testing (eg,
height, weight, resting blood pressure, fasting blood
glucose and lipid, and ECG).

Height and weight were measured according to a stan-
dardised protocol and technique, with participants
wearing no shoes. Blood pressure was measured by
trained professionals using an electronic sphygmoma-
nometer (OMRON HEM-7200), and each participant
rested for at least 20min before measurements were
taken. Participants were measured twice, and the average
of the readings was taken. Blood samples were drawn
from participants’ antecubital veins for measuring fasting
blood glucose (FBG), triglycerides (TG), total choles-
terol (TC), low density lipoprotein cholesterol (LDL-C)
and high density lipoprotein cholesterol (HDL-C). Blood
samples were collected from subjects in the morning after
an overnight fast (at least 8 hours) and transported to the
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same laboratory (Changchun Kingmed Centre for Clin-
ical Laboratory Co Ltd.) under refrigeration, and then
stored at ~20°C. The laboratory finished the blood exam-
inations within 8 hours after receiving the samples and
provided daily quality control charts. All data were double
entered and validated. In addition, all participants under-
went ECGs for the detection of atrial fibrillation.

Assessment criteria

‘Stroke’ is defined by the WHO as ‘rapidly developing
clinical signs of focal (or global) disturbance of cerebral
function, with symptoms lasting 24hours or longer or
leading to death, with no apparent cause other than of
vascular origin’. Pathological subtypes of stroke included
ischaemic stroke and haemorrhagic stroke.'”® By defini-
tion, silent stroke and transient ischaemic attack were not
included. The survey respondents with a history of stroke
were asked to provide investigators with their paper based
medical records (inpatient or outpatient records), which
contained the patient history, physical examination and
neurological imaging information, and at least one CT
scan at stroke onset, which can accurately identify haem-
orrhagic stroke from ischaemic stroke.

The self-reporting of chronic diseases (hypertension,
diabetes mellitus, dyslipidaemia and atrial fibrillation)
was verified by field investigation. Eight stroke related
risk factors were defined as follows: hypertension
was defined as a self-reported history and/or the use
of antihypertensive medication in the past 2 weeks,
or the average of two resting systolic blood pressure
(SBP) readings of 2140mm Hg and/or diastolic blood
pressure (DBP) >90mm Hg in the field survey."
Dyslipidaemia was defined as using an antilipidaemic
medication or having one or more of the following in
the field survey: TG 21.70 mmol/L, TC 25.18 mmol/L,
HDL-C <1.04mmol/L and LDL-C 23.37mmol/L.*
Diabetes mellitus was defined as the use of insulin and/
or oral hypoglycaemic medications, or a self-reported
history of diabetes or FBG 27.0mmol/L in the field
survey.”! Atrial fibrillation was defined as reported by the
respondent or diagnosed by ECG in the field survey.*
A smoker was defined as someone who reported having
smoked one or more cigarettes or was passively exposed
to tobacco smoke every day for more than 6 consecu-
tive months. A non-smoker was defined as never having
smoked, and never having been passively exposed to
tobacco smoke, or had history of smoking but quit
smoking for at least 6 consecutive months previous to the
study."” Drinking status was divided into three categories
according to the participants’ self-reports in the previous
6 months: non-drinkers, light/moderate drinkers or
heavy drinkers, according to the National Institute on
Alcohol Abuse and Alcoholism (NIAAA) guidelines,
advising limits of no more than 3 drinks per day or
7 drinks per week for men and women. These limits are
based on a standard drink in the USA (i.e. any drink
containing 14 g of pure alcohol). Using the NIAAA as a
guideline, the following thresholds were applied: heavier

drinkers, in excess of NIAAA limits and light/moderate
drinkers, less than or up to the NIAAA limits.**

In addition, we grouped fruit consumption into three
categories for our study: <2 days per week (<2 days/week),
3—-4 days/week and =5 days/week. The weight of consumed
fruits should reach or exceed 1 serving per day, with the
definition of a serving calculated as 80g of fruit.** Body
mass index (BMI) was calculated as weight (kg) divided
by height squared (m?), and overweight or obesity was
defined as BMI 226 kg/ m2% Lack of exercise was defined
as physical exercise <3 times a week for <30min each
time, and this included industrial and agricultural labour.
A family history of stroke was restricted to immediate
family members.

Subjects with at least three of the aforementioned eight
risk factors or a medical history of stroke were classified
as the high risk stroke population. Subjects with fewer
than three of these risk factors and with at least one of the
three chronic diseases (ie, hypertension, diabetes mellitus
and atrial fibrillation) were classified as the moderate risk
stroke population. Subjects with fewer than three of
these risk factors but without one of the three chronic
diseases (ie, hypertension, diabetes mellitus and atrial
fibrillation) were classified as the low risk stroke popu-
lation."” ** The risk assessment scales for stroke referred
were put forward by the Stroke Screening and Prevention
Project Committee, National Health and Family Planning
Commission of China,"” and have been proved to have
good reliability and validity compared with the modified
scale of the Framingham Stroke Profile (FSP), and can
be used as an evaluation tool for stroke risk assessment in
Chinese people.”’

Statistical methods

Taking into account the study’s complex sampling
design, the study data were weighted by gender (men or
women), age group (40-49 years, 50-59 years, 60-69
years, 70+ years) and place of residence (rural or urban
area) according to the census data from Jilin Provincial
Bureau of Statistics, to ensure that the study sample was
best representative of the adult population (40+ years of
age) in Dehui City of Jilin Province. The study sample
was subdivided into 16 subgroups according to the above
stratification factors. The formula for calculating the
weighted value of each subgroup was as follows:

w; = (Z:L'iz) C;

(where w;= theweighted value of each subgroup; C; =
the constituent ratio of each subgroup in the overall; n; =
the actual sample size of each group; Y n;= the actual total
sample size). The complex samples function of IBM SPSS
17.0 (SPSS Inc New York, New York, USA) was used for
analysis. Continuous data are presented as means=SD and
were compared using the Student’s t test. Categorical vari-
ables are presented as proportions and were compared
using the Rao-Scott-y” test between different subgroups.
Estimates of prevalence rate, constituent ratio and their
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Table 1 Anthropometric characteristics of the study sample stratified by gender

All Men

Characteristic (n=4052) (n=1619) Women (n=2433) t p Value
Age (years) 54.85+9.30 55.72+9.43 54.27+9.17 4.867 <0.001
Residence 0.015

Urban (n (%)) 2067 (51.0) 788 (48.7) 1279 (52.6)

Rural (n (%)) 1985 (49.0) 831 (51.3) 1154 (47.4)
Educational level (n (%)) 0.011

Primary school and below 1446 (35.7) 526 (32.5) 920 (37.8)

Junior middle school 1696 (41.9) 715 (44.2) 981 (40.3)

Senior middle school 537 (13.3) 222 (13.7) 315 (12.9)

College and above 373 (9.2) 156 (9.6) 217 (8.9)
Blood pressure (mm Hg)

SBP 141.02+21.69 142.89+21.12 139.77+21.97 4.533 <0.001

DBP 88.78+11.81 92.01+£11.96 86.62+11.20 14.414 <0.001
BMI (kg/m?) 24.47+3.35 24.83+3.34 24.23+3.33 5.642 <0.001
Neck circumference (cm) 34.23+3.28 36.64+2.91 32.62+2.41 45.959 <0.001
Waist circumference (cm) 85.60+9.25 88.23+8.85 83.84+9.10 15.194 <0.001
Hip circumference (cm) 96.21+8.54 98.87+7.68 94.44+8.63 17.132 <0.001
TG CHOHDLLDL (mmol/L)

TC (mmol/L) 5.40+1.16 5.32+1.13 5.45+1.17 -3.483 0.001

TG (mmol/L) 2.06+1.76 2.11+1.95 2.04+1.62 1.236 0.217

LDL-C (mmol/L) 2.14+0.81 2.13+0.81 2.14+0.81 -0.637 0.524

HDL-C (mmol/L) 1.25+0.24 1.23+0.25 1.27+0.24 -5.15 <0.001
FBG (mmol/L) 5.32+1.65 5.28+1.63 5.35+1.67 -1.392 0.164

BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high density lipoprotein cholesterol; LDL-C,
low density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides.

95% ClIs for stroke and risk factors were generated by a
range of characteristics, such as age group, gender, place
of residence and level of education. Variables that were
statistically significant at p<0.1 in the univariate analysis
were entered into the multivariate logistic regression
analyses (cslogistic command in SPSS) to examine the
variables independently associated with ischaemic and
haemorrhagic stroke.

RESULTS
In total, 4052 participants (mean age 54.85+9.30 years),
1619 men and 2433 women, were involved in the analysis.
Nearly half (49.0%) of the participants were from rural
areas. Compared with women, men had a higher SBP
(142.89 vs 139.77mm Hg), DBP (92.01 vs 86.62mm Hg),
BMI (24.83 vs 24.23kg/m2), neck circumference (36.64
vs 32.62cm), waist circumference (88.23 vs 83.84cm)
and hip circumference (98.87 vs 94.44cm) (all p<0.001).
The laboratory features of the participants by gender are
listed in table 1.

As shown in table 2, the overall prevalence of stroke
was 7.2% (95% CI 6.3% to 8.2%). The prevalence of
stroke increased with age (p<0.001), but decreased with

educational level (p<0.001). It was significantly higher in
men than in women (8.8% vs 5.7%, p=0.001). However,
there was no statistically significant difference between
rural and urban residents. Similar to the overall preva-
lence of stroke, the prevalence of ischaemic stroke also
increased with age (p<0.001), but decreased with educa-
tional level (p<0.001). In addition, the ischaemic stroke
prevalence rate was higher among men than among
women (8.2% vs 5.2%, p=0.001), but no statistically signif-
icant difference was found between individuals in rural
and urban areas.

As shown in table 3, of all the stroke cases, 91.7%
(95% CI 87.4% to 94.6%) were ischaemic stroke and
83% (95% CI 5.4% to 12.6%) were haemorrhagic
stroke. In addition, the proportions of different types of
stroke showed no significant differences by age group,
gender, residence or educational level. According to the
different stroke risk levels, participants were divided into
three groups, with over half (57.3%, 95% CI 55.4% to
59.1%) in the high risk stroke group. The proportions
of the different stroke risk populations differed signifi-
cantly by age group, gender, residence and educational
level.
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Table 2 Prevalences of stroke and its subtypes by demographic characteristics

Stroke
Category Subcategory Stroke Ischaemic stroke Haemorrhagic stroke
7.2 (6.3-8.2) 6.7 (5.9-7.7) 0.5 (0.3-0.8)
Age (years) 40-49 2.8 (1.8-4.3) 2.7 (1.7-4.2) 0.1 (0.0-0.7)
50-59 6.5 (5.2-8.2) 5.8 (4.5-7.4) 0.7 (0.4-1.5)
60-69 13.6 (11.4-16.1) 12.6 (10.5-15.0) 1.0 (0.5-1.9)
>70 15.9 (11.8-21.1) 15.4 (11.4-20.4) 0.6 (0.1-3.8)
p value <0.001 <0.001 0.124
Gender Men 8.8 (7.3-10.4) 8.2 (6.8-9.8) 0.6 (0.3-1.0)
Women 5.7 (4.7-6.9) 5.2 (4.3-6.4) 0.5 (0.2-1.0)
p value 0.001 0.001 0.661
Residence Urban 6.6 (5.5-7.8) 6.2 (5.1-7.4) 0.4 (0.2-0.8)
Rural 7.5 (6.3-8.7) 6.9 (5.8-8.2) 0.5 (0.3-1.0)
p value 0.318 0.355 0.691
Educational level  Primary school and below 9.5 (8.0-11.9) 8.9 (7.4-10.6) 0.6 (0.3-1.2)
Junior middle school 5.4 (4.3-6.8) 5.0 (3.9-6.3) 0.4 (0.2-0.9)
Senior middle school 4.9 (3.1-7.5) 4.3 (2.7-6.7) 0.6 (0.4-3.0)
College and above 4.2 (2.5-6.9) 3.9 (2.3-6.6) 0.3 (0.0-2.0)
p value <0.001 <0.001 0.861

Data are presented as weighted prevalence (95% Cls).
p values were calculated with the Rao-Scott-y? test.

Table 4 describes the prevalence of stroke risk factors
by demographic characteristics. The prevalence rates
of hypertension, diabetes mellitus and atrial fibrillation
increased with age (p<0.001); however, dyslipidaemia
was more popular in adults aged 60-69 years (p<0.05).
The prevalence rates of other stroke risk factors differed
significantly by gender, but not by residence, except
for dyslipidaemia, diabetes mellitus, smoking and lack
of exercise. In addition, compared with the non-stroke
group, we found that subjects with a history of stroke
had a higher prevalence of hypertension, dyslipidaemia,
diabetes mellitus, smoking, lack of exercise and family
history of stroke (p<0.001, except p<0.05 for diabetes
mellitus and smoking).

The multivariable logistic regression model indicated
that multiple characteristics were positively associated
with ischaemic stroke, including age, gender, hyperten-
sion, dyslipidaemia, lack of exercise and family history of
stroke. Table 5 shows that the adjusted ORs of age groups
50-59, 60-69 and =70 years (vs 40—-49 years age group)
increased significantly with age (p<0.001), and men
were more likely to have ischaemic stroke than women
(OR=1.935, 95% CI 1.410 to 2.655). Patients with hyper-
tension (OR=2.582, 95% CI 1.720 to 3.877) or dyslip-
idaemia (OR=1.513, 95% CI 1.064 to 2.151) were more
likely to have ischaemic stroke. The ORs for lack of exer-
cise and family history of ischaemic stroke were 1.446 (95%
CI 1.011 to 2.068) and 1.941 (95% CI 1.424 to 2.646),
respectively. However, there was no significant difference
between participants with different educational levels,

atrial fibrillation, diabetes mellitus, smoking or frequency
of fruit and vegetable consumption. In contrast, as shown
in table 6, although the univariate analyses of risk factors
showed that haemorrhagic stroke was associated with age,
gender, hypertension and a high level of total cholesterol,
the multivariate analyses model found that only hyperten-
sion (OR=4.064, 95% CI 1.358 to 12.160) was significantly
associated with haemorrhagic stroke.

DISCUSSION

In this population based cross sectional study, we have
identified a high prevalence of stroke, especially isch-
aemic stroke, and cerebrovascular associated risk factors
among adults aged 40 years or older in northeast China.
Also, we found that regions with a higher prevalence of
hypertension, dyslipidaemia and lack of exercise were
associated with a high prevalence of stroke.

The prevalence of stroke in Dehui City of Jilin Prov-
ince was almost three times more than the nationwide
findings.'” The prevalence of stroke increased with age,
and this result was consistent with those of other studies.*
China’s rapid economic development in the past three
decades has also increased life expectancies, according to
the World Bank, and the proportion of elderly people in
the population has increased. The effect of population
ageing on the prevalence of stroke has become more and
more serious. Our study showed that the prevalence of
stroke was significantly higher in men than in women,
in accordance with past studies.'® %8 However, in contrast
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Category Subcategory Fully adjusted OR (95% CI) Wald 2 value p Value

Gender Women 1.00 (Referent) 16.749 <0.001
Men 1.935 (1.410 to 2.655)

Atrial fibrillation No 1.00 (Referent) 0.256 0.613
Yes 1.359 (0.414 to 4.457)

Dyslipidaemia No 1.00 (Referent) 5.330 0.021
Yes 1.513 (1.064 to 2.151)

Smoker No 1.00 (Referent) 2.492 0.115
Yes 1.280 (0.942 to 1.738)

Family history of stroke No 1.00 (Referent) 17.639 <0.001

Yes 1.941 (1.424 to 2.646)

with a previous study,” there was no statistically signifi- Of all the stroke cases in our survey, 91.7% (95% CI
cant difference between rural and urban areas for stroke 87.4% to 94.6%) were ischaemic stroke and 8.3% (95%
prevalence, suggesting disparities in residence was in line  CI 5.4% to 12.6%) were haemorrhagic stroke. The
with rapid economic development. proportion of ischaemic stroke was higher than those

Category Subcategory Fully adjusted OR (95% Cl) Wald xz value p Value

Gender Women 1.00 (Referent) 0.819 0.365
Me 1.597 (0.579 to 4.406)

High level of total cholesterol No 1.00 (Referent) 2.674 0.102
Yes 2.232 (0.852 t0 5.847)
8 Zhang F-L, et al. BMJ Open 2017;7:¢015758. doi:10.1136/bmjopen-2016-015758
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reported in developed countries, where ischaemic stroke
accounted for approximately 67.3-80.5% of all stroke
cases.” This proportion was also markedly higher than
that in three large cities in China in the 1990s.”" These
findings were gathered from a prospective register and
monitoring, in addition to annual retrospective door to
door investigations, which found that cerebral infarc-
tion accounted for 43.7-78.9% of the total number
of stroke cases. In addition, the proportion of stroke
subtypes was quite different from those in Changsha,
a city in south central China, where 55.4% of all stroke
cases were attributed to intracerebral haemorrhage.”
This may reflect substantial geographic disparities and
some underlying differences in dietary preferences and
vascular risk factors.'” ** However, this proportion was in
accordance with the China Acute Cerebrovascular Events
Register’s (CACER-I) study, reporting that ischaemic
stroke cases were increasing, whereas intracerebral haem-
orrhage showed a decreasing trend.” The decrease in
haemorrhagic stroke may be related to the improvement
in hypertension control, as approximately 50% of acute
haemorrhagic strokes can be attributed to hypertension
in the Chinese population.”®

In the present population based survey, we found
that the prevalence rates of dyslipidaemia, smoking and
hypertension were ranked as the top three cerebrovas-
cular risk factors, with rates of 62.1%, 61.8% and 57.3%,
respectively. We found that the prevalence of dyslipi-
daemia was significantly higher than the national levels
in a recent cross sectional study.” Additionally, the preva-
lence of dyslipidaemia was higher among those in urban
compared with rural areas. This result was consistent with
the large cross sectional domestic survey conducted from
January 2007 to October 2010, and another regional
study in China.”® This was mainly attributed to the higher
total cholesterol intake among urban residents compared
with those living in rural areas.” By contrast, the preva-
lence of diabetes mellitus was higher among rural than
urban residents. This was found from a pooled analysis
of 56 eligible studies in China,”™ and the reason was
further explored in a future study. Also, the prevalence
of hypertension in our study was much higher than the
nationwide average® and than that found in some other
regional studies,*” *! but close to the recent study in the
Sichuan Tibetan population.” The high prevalence
of dyslipidaemia and hypertension might be ascribed
to dietary preferences and other lifestyle issues of resi-
dents in Jilin Province. The cold weather limits people’s
outdoor physical activity during the long winter, conse-
quently increasing the risk of being overweight or obese
and the related metabolic abnormalities. The present
study also showed that the prevalence of smoking or
being passively exposed to tobacco smoke, especially in
rural areas, was higher than the rates from the China
Global Adults Tobacco Survey in 2010.* This may be
partly attributable to the fact that residents in Dehui City,
in general, were undereducated (77.5% of residents had
a junior middle school and below educational level, as

shown in table 1) and may lack knowledge of smoking
hazards.

Estimates from the GBD 2013 suggested that approxi-
mately 94% of the Chinese burden of stroke is attribut-
able to the combined effects of modifiable risk factors,
and that most stroke cases are attributable to behavioural
factors (ie, smoking, poor diet and low physical activity)
and metabolic factors (ie, high SBP, high BMI, high FPG,
high TC),* and these results were consistent with those of
the INTERSTROKE study,* in which approximately 86%
of strokes could be attributed to nine potentially modi-
fiable metabolic and behavioural risk factors. Thus it is
of vital importance to promptly identify these modifiable
metabolic and behavioural risk factors among residents
to lessen the burden of stroke. In the present study, it was
shown that hypertension, dyslipidaemia (metabolic risk
factors) and lack of exercise (behavioural risk factor) were
associated with ischaemic stroke (p<0.05) independently,
which was consistent with several previous studies.**™
Physical inactivity has been proved to be associated with
an increased risk of stroke.” The benefits appear to occur
from a variety of types of activity, including leisure time
physical activity, occupational activity, such as agricultural
work, and walking. In the present study, the prevalence
rate of lack of exercise was 17.8% (95% CI 16.5% to
19.2%) in total, and a difference in prevalence between
urban and rural areas was noted, with urban being higher
than rural areas (29.7% vs 13.8%, p<0.001). This may be
attributed to a sedentary lifestyle among urban residents.
The protective effect of physical activity may be partly
mediated by its role in reducing blood pressure and
controlling other risk factors for stroke, such as diabetes
and excess body weight.” ®* In addition, age, gender
and family history of stroke were also risk factors for
ischaemic stroke, which has been widely acknowledged
nowadays.”* * However, only hypertension (OR=4.064,
95% CI 1.358 to 12.160) was significantly associated with
haemorrhagic stroke in our survey when using the multi-
variate logistic regression model. That hypertension is an
independent risk factor in the Chinese population has
also been revealed in the Sino-MONICA-Beijing Project
observational study.®

As far as we know, this was the most recent investigation
of stroke and associated risk factors in this region, and it
filled the information gap in this field. This cross sectional
study involved a large representative sample of the Dehui
City population. Strict training was done before the
investigation, and we used a unified precoded question-
naire designed by the Stroke Screening and Prevention
Programme of the National Health and Family Planning
Commission of China."* The data analysis was performed
using complex weighted computation. For all the afore-
mentioned reasons, our survey probably provided accu-
rate data on the prevalence of stroke and related risk
factors in this region. Some limitations of this study
should be noted. Limitations of the study were the prop-
erties of the cross sectional study and the recall bias of
the self-reported questionnaire. Another limitation was

Zhang F-L, et al. BMJ Open 2017;7:€015758. doi:10.1136/bmjopen-2016-015758
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that the respondents’ atrial fibrillation status was based
on self-report and ordinary ECG, which may have under-
estimated paroxysmal atrial fibrillation.”

CONCLUSIONS

In conclusion, we have identified a high prevalence of
stroke, especially ischaemic stroke, and associated risk
factors among adults aged 40 years and older in north-
east China. A higher regional prevalence of hyperten-
sion, dyslipidaemia and lack of exercise (modifiable risk
factors) may be responsible, and these factors are appro-
priate targets for population based stroke prevention.
Health policy makers should place more emphasis on
the effective prevention and control of stroke and its risk
factors.
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