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Abstract
The greatest regional variation in stroke prevalence exists in China. However, whether there are differences in population attributable
risk (PAR) and clustering of stroke risk factors among regions resulting in stroke geographic variation is unclear.
We conducted face-to-face surveys of residents of 14 provinces from September 2016 to May 2017 who participated in the

Chinese Stroke Screening and Prevention Project. We compared the specific PAR values of eight risk factors and the different cluster
rates and patterns in China.
A total of 84,751partipants were included. Eight factors accounted for 70% to 80% of the PAR of overall stroke in China. Not only

did the PAR of the total risk factors differ among the 3 regions, but the PAR of the same risk factor also varied among different regions.
The top 3 factors with the greatest PAR variations among the 3 regions were dyslipidemia, physical inactivity and family history of
stroke. The clustering rates and patterns varied by regions. The overall proportion of participants with 0, 1, 2, 3, and ≥4 risk factors
were 34.4%, 28.0%, 17.4%, 9.2%, and 10.3% in eastern China; 31.0%, 27.9%, 19.8%, 10.8%, and 9.9% in Central China and
28.2%, 29.5%, 19.9%, 10.8%, and 11.0% in western China, respectively. On basis of hypertension, the most common risk cluster
patterns were overweight or smoking, dyslipidemia and physical inactivity, with other risk factors in the eastern, central and western
regions, respectively.
The rates and patterns of clustering and the potential importance of stroke risk factors in different regions may together contribute

to the geographical variation in stroke prevalence in China.

Abbreviations: CSSPP = Chinese stroke screening and prevention project, FHS = family history of stroke, PAR = population
attributable risk.
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1. Introduction

It is well known that stroke is the leading cause of death and
disability; stroke contributed to 6.17 million deaths and ranked
as the third cause of years of life lost in the 2017 global
population.[1] China has the highest stroke incidence and
mortality in the world[2] and currently accounts for nearly
30% of the total number of stroke-related deaths worldwide.[3]

Based on the Global Burden of Disease data in 2016, China has
the highest lifetime risk of stroke, at 39.3%,[4] which means 118
million Chinese people will suffer from stroke by 2030.[5]

Furthermore, stroke will have tremendous health-related and
economic consequences, whichwill maintain growth trends in the
future. It has been reported that total annual stroke-related costs
are projected to increase to $240.67 billion by 2030.[6] This
suggests that reducing stroke risk factors is a major priority to
decrease the incidence and mortality of stroke- as well as stroke-
related economic consequences.
Notably, the INTERSTROKE study results revealed that the

management of risk factors can effectively prevent the majority of
stroke occurrence.[7] Ten potentially modifiable risk factors were
collectively associated with approximately 90% of the popula-
tion attributable risk (PAR) of stroke incidence.[7]

Interestingly, there is great geographical variation in stroke
epidemiology in China. The incidence and prevalence of stroke
show a north-to-south gradient in China, and the central region
has the greatest stroke burden.[3] This geographical variation can
be only partially explained by the differences in risk factor
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distribution and socioeconomic status among regions.[8–10] In
addition, other factors, such as trace elements in the environ-
ment[11] and racial,[12] dietary and lifestyle[13] differences among
regions, were also associated with the geographical variation in
stroke prevalence.
Individuals with multiple risk factors had a higher risk of

stroke than individuals with only 1 risk factor.[14] Different
clustering patterns of risk factors may also disproportionately
increase the stroke risk.[15,16] Unfortunately, the cause of the
variation in cluster patterns, whether consistent among different
regions or not, is still unclear, and may contribute to stroke
geographical differences.[17] Additionally, the INTERSTROKE[7]

study found important regional variations in the relative
importance of most individual risk factors for stroke, which
could contribute to variations among countries and regions in the
frequency and case-mix of stroke.
Therefore, we conducted a cross-sectional survey to define the

PAR and to analyze the different clustering rates and patterns of
eight stroke risk factors in different economic regions of China;
the data were obtained from the Chinese Stroke Screening and
Prevention Project (CSSPP) 2016. We aimed to find clustering
patterns that have potential value to explain the regional
variation in stroke epidemiology based on the exposure rate
and relative importance of each risk factor.
2. Materials and methods

2.1. Study design and participants

The CSSPP was a national public welfare project supported by the
Chinese government to screen for stroke risk factors in permanent
community residents (with residency for at least 6 months) who
were older than 40 years old. Detailed information on the project
design and community sampling method is reported elsewhere.[18]

The project collected residents’ information, such as social
characteristics, dietary habits, the occurrence of eight stroke risk
factors (hypertension, diabetes mellitus, dyslipidemia, heart
disease, overweight, smoking, physical inactivity, and family
history of stroke [FHS]), history of cerebrovascular disease (CVD)
and hematological examination (blood glucose, lipids, HbA1c,
and homocysteine) results, and divided the participants into
different stroke risk groups to receive individualized interventions.
Our study was in accordance with the guidelines of

Strengthening the Reporting of Observational studies in
Epidemiology recommendations. The data were based on the
clinical information of the residents who participated in the
CSSPP 2016. A total of 47 community hospitals from 25 base
hospitals in 14 provinces with good quality control and project
completion participated in this study. We conducted a cross-
sectional survey from September 10, 2016, to May 31, 2017.
Residents who were lost to follow-up, died or were unable to
provide required information were excluded.
According to China’s economic regions, the residents of the 14

provinces were categorized into 4 regions: eastern (Tianjin, Hebei,
Zhejiang, Hainan, Guangdong, Jiangsu), central (Jiangxi, Anhui,
Hunan), western (Gansu, Sichuan, Shaanxi, Yunnan), and
northeastern (Heilongjiang). Heilongjiang was the only included
northeast province and had very few participants; therefore, we
merged the northeastern regions with the eastern region.
Socioeconomic status is difficult to define, andwe used 4measures,
namely, disposable personal income, consumption expenditure,
the proportion of consumption expenditure attributable to
2

healthcare and gross domestic product, to describe the economic
conditions of these regions.The economic datawere collected from
the China Statistical Yearbook 2016 (http://data.cnki.net/Year
book/Single/N2017100312).
2.2. Measurement of risk factors

Hypertension was defined as systolic blood pressure ≥140 mm
Hg or diastolic blood pressure ≥90 mm Hg or a history of
diagnosis of hypertension. Diabetes was defined as a history of
diagnosed diabetes, potentially with normal blood glucose or
HbA1c due to hypoglycemic therapy, or a positive blood glucose
test result plus any of the following conditions:
(1)
 diabetes symptoms accompanied by fasting blood glucose
≥7.0mmol/L or random blood glucose ≥11.0mmol/L;
(2)
 no typical symptoms of diabetes but fasting blood glucose at
≥7.0mmol/L or randomblood glucose at≥11.0mmol/L on at
least 2 occasions; or
(3)
 a 75-g oral glucose tolerance test with glucose ≥11.0mmol/L
at 2hours after glucose administration.

The diagnosis of diabetes was based on the measurement of
blood glucose in venous plasma.[19] Dyslipidemia was defined as
a self-reported physician’s diagnosis or as abnormal fasting (> 8
hours) levels of any of the following: serum total cholesterol
≥6.22mmol/L (240mg/dL), triglycerides ≥2.26mmol/L (200mg/
dL), or high-density lipoprotein cholesterol <1.04mmol/L (40
mg/dL). Heart disease included only atrial fibrillation, and other
types of heart diseases, such as coronary heart disease, heart
failure or valvular heart disease, were not included in our study.
Atrial fibrillation was defined as a previous diagnosis in a level-2
or above public hospitals or according to electrocardiogram
results. A cumulative smoking time of up to 6 months or passive
smoking for at least 15 minutes more than 1 day a week were
considered smoking. Body mass index was calculated as height
divided by weight squared, and the unit was kilograms per square
meter (kg/m2). In Asian people, a body mass index ≥26kg/m2 is
considered overweight or obese. The standard of physical
exercise was as follows: moderate- or high-intensity exercise at
least 3 times a week for at least 30 minutes each time. Those who
did not meet these criteria were considered physically inactive. All
stroke patients were diagnosed independently by 2 blinded
professional neurologists based on their clinical symptoms
(rapidly developing signs of neurological disturbance), imaging
at onset, and medical record data. Intracerebral hemorrhage and
ischemic stroke were both included.
All participating hospitals strictly followed the technical

methods of the CSSPP 2016 to collect data and perform quality
control, which ensured the homogeneity of data and quality in
our study. Quality control processes included data entry self-
checks, community administrator checks, automated website
system (www.cnstroke.com) quality control, and superior
monitoring conducted by the base hospital administrator.
According to the total numbers of residents exposed to the

eight target factors, residents without stroke or transient ischemic
attack history were classified as having a low, intermediate or
high risk of stroke. Residents who had 3 or more risk factors were
considered to have a high stroke risk. An intermediate stroke risk
was defined as with hypertension, diabetes or atrial fibrillation
but no more than 3 risk factors. Residents without a history of
hypertension, diabetes or atrial fibrillation and with fewer than 3
risk factors had a low stroke risk.

http://data.cnki.net/Yearbook/Single/N2017100312
http://data.cnki.net/Yearbook/Single/N2017100312
http://www.cnstroke.com/


Dong et al. Medicine (2020) 99:16 www.md-journal.com
2.3. The PAR of the eight risk factors

To obtain the PAR of each factor, the participants were divided
into a stroke group and control group based on their diagnosis.
Participants with transient ischemic attack were excluded. We
performed multivariate logistic regression analyses to adjust for
confounding factors (age, sex, and rural location) between the
stroke groupand control group.The calculation formula of PAR in
the univariate analysis is as follows: PAR%=PE(OR-1)/[PE(OR-
1)+1]�100%; where PE represents the exposure ratio of risk
factors in population. We obtained the proportions from a report
of thenational screeningprogram in2015.[20] The ratio of each risk
factor was as follows: hypertension, 29.6%; diabetes mellitus,
11.6%; dyslipidemia, 18.6%; heart disease, 20.0%; smoking,
25.1%; overweight, 30.6%; physical inactivity, 11.9%; and FHS,
1.7%. In the multivariable analysis, we used the method described
by Bruzzi to estimate the PAR of each risk factor.[21] Using this
method, the addition of PARc% for individual risk factors usually
exceeded 100%; however, the overall PAR% for the composite of
these risk factors should be less than 100%.

PARc% ¼
X
j

ðPj=RjÞ
" #

� 100%
where PARC represents the PAR value after adjusting for other
covariate factors in the multiple logistic regression;
j represents the stratification of each risk factor, such as 1, 2, 3 or
more;
Pj represents the proportion of the ratio of the number of cases to
the total number of cases; and
Rj represents the control group, defined as 1, or the stroke group,
which was equal to the OR value.

2.4. The clustering pattern of stroke risk factors

To compare the clustering differences of risk factors between
regions, we categorized participants into 5 groups based on their
total numbers of stroke risk factors: 0, 1, 2, 3, and≥4 risk factors.
Moreover, to find the potential predictive clustering patterns
among regions for the geographical variation in stroke, we
compared ten patterns of 3 stroke risk factor clusters according to
the 6 most common and important risk factors (hypertension,
dyslipidemia, smoking, physical inactivity, overweight, and
FHS). These 6 factors were selected based on our results of
stroke risk factor distributions and PAR values in different
regions. All clustering patterns were based on hypertension.
2.5. Statistical analysis

We calculated means and medians to describe continuous
variables. If there were any questionable distributional assump-
tions, we compared means and medians with t tests or other
appropriate nonparametric tests. Categorical data were analyzed
by chi-square or Kruskal-Wallis tests. All statistical tests were 2-
sided, and P< .05 was considered statistically significant. We
used SPSS v22.0 (SPSS Inc., Chicago, IL) andGraphPad Prism 5.0
for Windows to conduct the statistical analyses and construct the
graphs, respectively.
2.6. Ethical approval

All human-participant procedures in the above studies were
performed in accordance with the ethical standards of the
3

institutional and/or national research committee as well as with
the 1964 Declaration of Helsinki and its later amendments or
comparable ethical standards. This study was approved by the
Ethics Committee of the West China Hospital, Sichuan
University, and all participants signed informed consent forms.

3. Results

3.1. Participants

A total of 91,847 residents were invited to participate in this
study; 761 residents who died (causes were stroke, 96;
cardiovascular disease, 59; neoplasms, 134; respiratory system
disease, 75; injury and poisoning, 11; other, 141; and undefined,
245) and 6335 (6.9%) residents who were lost to follow-up or
had incomplete information were excluded. Finally, 84,751
participants were included. Among them, 39,510 (46.5%) were
male, the mean age was 59.68±11.45 years old, and 45,377
(53.0%) were from rural regions.
The proportions of participants in the eastern, central and

western economic regions were 39.4%, 15.3% and 45.3%,
respectively. The eastern region had the highest economic status,
and the western region had the lowest economic status in each
measurement; the details are shown in Table S1, http://links.lww.
com/MD/E40 and Fig S1, http://links.lww.com/MD/E39 in the
Supplementary Appendix.
The overall prevalence of stroke was 1.6% in 2016. The

specific proportions were 2.0%, 2.7%, and 0.9% in the eastern,
central and western regions, respectively.
3.2. The distribution of risk factors in the 3 regions

The exposure rate and ranking of each stroke risk factor varied
among the different regions; the details are shown in Table 1. In
the eastern region, the 4most common prevalent risk factors were
physical inactivity (31.1%), smoking (20.5%), hypertension
(20.4%) and overweight (15.4%). In the central region, the top 4
factors were diabetes (32.6%), physical inactivity (24.5%),
hypertension (21.0%) and smoking (20.5%). In the western
region, the top 4 factors were physical inactivity (31.1%),
diabetes (26.3%), smoking (23.5%) and hypertension (22.1%).
Rural residents suffered greater exposure to the risk factors than
urban residents in each region. With the improvement in annual
revenue, the burden decreased (Table S2–S6, http://links.lww.
com/MD/E40 in the Supplementary Appendix). Although
variation in stroke risk factor distribution was identified among
the regions, the overall trend was similar, with the most common
risk factors being hypertension, smoking, diabetes, overweight
and physical inactivity in each region.

3.3. PARs of individual risk factors in the 3 regions

Collectively, the 8 studied risk factors accounted for 85.3%of the
PAR of overall stroke in China, and the proportion decreased
from the eastern to western regions (90.5% in the eastern region,
81.1% in the central region, and 72.2% in the western region), as
shown in Figure 1. After adjusting for sex, age, and rural status,
the rates were 88.1%, 85.4%, and 70.8%, respectively (Fig. 2).
The same individual risk factors accounted for different
proportions of the PAR of stroke in different regions. The top
3 factors with the greatest variation between regions were
dyslipidemia, physical inactivity and FHS. The PAR proportions
of these factors in the eastern, central and western regions were

http://links.lww.com/MD/E40
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Table 1

The characteristics and distribution of stroke risk factors in different economic regions in 2016.

Regions
Numbers, N (%)

National China
84751

Eastern Region1
33426 (39.4)

Central Region2
12962 (15.3)

Western Region3
38363 (45.3) P

∗
1-2 P

∗
1-3 P

∗
2-3

Men, N(%) 39510 (46.6) 15768 (47.2) 5976 (46.1) 17766 (46.3) .04 .02 .69
Age, yr, mean±SD 59.68±11.45 58.67±11.34 60.38±11.44 60.32±11.48 <.001 <.001 1.00
40-64yr 55862(65.9) 23498(70.3) 8083(62.4) 24281(63.3) —— —— ——

65–79yr 24057(28.4) 8127 (24.3) 4126(31.8) 11804 (30.8) —— —— ——

≥80yr 4832 (5.7) 1801 (5.4) 753 (5.8) 2278 (5.9) —— —— ——

Education, N (%) <.001 <.001 <.001
Primary school or below 39859 (46.5) 14043 (42.0) 5050 (39.0) 20766 (54.1) —— —— ——

Middle or junior school 41290 (48.7) 17904 (53.6) 7048 (54.4) 16338 (42.6) —— —— ——

college or above 3602 (4.3) 1479 (4.4) 864 (6.7) 1259 (3.3) —— —— ——

Annual revenue (yuan, RMB) <.001 <.001 <.001
<5000 25327 (29.9) 6420 (19.2) 2415 (18.6) 16492 (43.0) —— —— ——

5000-10000 14466 (17.1) 5734 (17.2) 1663 (12.8) 7069 (18.4) —— —— ——

10001-20000 12774 (15.1) 5542 (16.6) 2008 (15.5) 5224 (13.6) —— —— ——

>20000 32184 (38.0) 15730 (47.1) 6876 (53.0) 9578 (25.0) —— —— ——

Urban, N (%) 39374 (47.0) 17679 (52.9) 7387 (57.0) 14308 (37.3) <.001 <.001 <.001
Insurance, N (%) 70834 (83.6) 28499 (85.3) 9918 (76.5) 32417 (84.5) <.001 .01 <.001
Paying Style, N (%) <.001 <.001 <.001
UEBMI 24218 (28.6) 9248 (27.7) 7118 (54.9) 7852 (20.5) —— —— ——

URBMI 19888 (23.5) 8891 (26.6) 1900 (14.7) 9097 (23.7) —— —— ——

NRCMI 39630 (46.7) 14788 (44.2) 3834 (29.6) 21008 (54.8) —— —— ——

Others 1015 (1.2) 499 (1.5) 110 (0.8) 406 (1.1) —— —— ——

Stroke risk factors
Hypertension 18026 (21.3) 6804 (20.4) 2725 (21.0) 8497 (22.1) .11 <.001 .01
Diabetes mellitus 19231 (22.7) 4920 (14.7) 4231 (32.6) 10080 (26.3) <.001 <.001 <.001
Dyslipidemia 4922 (5.8) 2025 (6.1) 842 (6.5) 2055 (5.4) .08 <.001 <.001
Heart disease 11466 (13.5) 5057 (15.1) 1416 (10.9) 4993 (13.0) <.0001 <.001 <.001
Smoking 18759 (22.1) 6859 (20.5) 2663 (20.5) 9037 (23.5) 1.00 <.01 .01
Overweight 14940 (17.6) 5139 (15.4) 2072 (16.0) 7729 (20.1) .10 <.001 <.001
Physical inactivity 25476 (30.1) 10360 (31.0) 3170 (24.5) 11946 (31.1) <.001 .68 <.001
Family history of stroke 4445 (5.2) 2112 (6.3) 865 (6.7) 1468 (3.8) .16 <.001 <.001
Stroke risk status <.001 <.001 <.001
Low risk 62389 (73.6) 24596 (73.6) 9107 (70.3) 28686 (74.8) —— —— ——

Intermediate risk 10994 (13.0) 4344 (13.0) 1935 (14.9) 4715 (12.3) —— —— ——

High risk 8807 (10.4) 3248 (9.7) 1472 (11.4) 4087 (10.7) —— —— ——

Stroke 1340 (1.6) 652 (2.0) 351 (2.7) 337 (0.9) <.001 <.001 <.001
TIA 1277 (1.5) 619 (1.9) 103 (0.8) 555 (1.4) <.001 <.000 <.001

NRCMI=new rural cooperative medical insurance, UEBMI=basic medical insurance for urban workers, URBMI=basic medical insurance for urban residents.
Kruskal-Wallis test was used to analyze whether there were any statistical differences among the 3 groups. If P< .05, further comparation was used for between any 2 groups, P∗< .017 was statistically
significant.
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29.2% vs 75.7% vs 19.6% for dyslipidemia; 16.0% vs 42.6% vs
34.9% for physical inactivity; and 22.9% vs 14.8% vs 5.1% for
FHS, respectively. In addition, the importance of each risk factor
in the PAR of stroke was distinguished in each region. The 4 most
important risk factors for PAR of stroke in the eastern region
were hypertension (64.0%), dyslipidemia (29.2%), FHS
(22.9%), and physical inactivity (16.0%). In the central region,
these 4 factors were dyslipidemia (75.7%), hypertension
(67.7%), physical inactivity (42.6%), and FHS (14.8%). In the
western region, these 4 factors were hypertension (50.5%),
physical inactivity (34.9%), dyslipidemia (19.6%), and smok-
ing (8.2%). The details are shown in Figure 3. Generally, the
most important risk factors associated with stroke were
hypertension, dyslipidemia, physical inactivity and FHS in these
3 regions.

3.4. Clustering of stroke risk factors in the 3 regions

The clustering of stroke risk factors varied by region (P <.001).
The details are shown in Table 2. The proportions of participants
with 0 risk factors were 34.4% vs 31.0% vs 28.2% in the eastern,
4

central, and western regions, respectively. For patients with 1 risk
factor, the proportions were 28.0% vs 27.9% vs 29.5%,
respectively. For patients with 2 risk factors, the proportions were
17.4% vs 19.8% vs 19.9%, respectively. Among patients with 3
risk factors, the proportions were 9.2% vs 10.8% vs 10.8%, and
for patients with ≥4 risk factors, the proportions were 10.3% vs
9.9% vs 11.0%, respectively
Table 3 shows 10 clustering patterns of the 6 most common

and important stroke risk factors in the 3 regions based on
hypertension. The results in Table 3 show that the combinations
of hypertension and overweight or smoking were the most
common patterns in the eastern region. Hypertension and
dyslipidemia was the most prevalent pattern in the central region.
In the western region, hypertension plus physical inactivity was
the most common pattern, while hypertension and FHS was the
least common clustering pattern.
4. Discussion

In our study, we found important regional variations in the
relative importance of individual risk factors for stroke and



Figure 1. The PAR of individual stroke risk factor in different regions with univariate analysis.
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different clustering patterns of stroke risk factors among 3
economic regions of China. Moreover, we observed different
clustering patterns in different regions. These differences may
explain the possible mechanisms underlying the geographical
variation in stroke prevalence.
Figure 2. The PAR of individual stroke risk fact

5

4.1. The regional variations in the PARs of individual risk
factors for stroke
First, our study revealed that important regional variations
existed in the relative importance of 8 risk factors for stroke. The
highest PAR of stroke was in the eastern region, followed by the
or in different regions calculated by model 1.

http://www.md-journal.com


Figure 3. The PAR of individual stroke risk factor in different regions calculated by model 2.
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central region and the western region, with an increasing
tendency associated with increasing socioeconomic status. This
phenomenon suggested that differences in the economic
situations of regions were possible factors contributing to
regional variations in PAR.
The major factors affecting the risk of stroke can be divided

into conventional cardiovascular factors and nonconventional
cardiovascular factors. In addition to conventional risk
factors,[10] socioeconomic status can affect stroke, as it impacts
dietary habits, lifestyle,[13] education, living environment, early
life influences, quality of healthcare provision, and other
aspects.[8,22] Residents with good socioeconomic status generally
have good living environments, medical access and access to
healthy food. Therefore, socioeconomic status could reduce the
impact of nonconventional factors on stroke, resulting in a
relative increased PAR of conventional stroke factors. However,
socioeconomic status can also affect the exposure rate,[9]

knowledge of stroke[23] and ability to control conventional risk
factors.[24] Previous reviews reported that the highest prevalence
of conventional risk factors occurred in the lowest socioeconomic
Table 2

Comparation of 8 risk factors clustering in different regions.

Clustering National China Eastern region1 Central

0 risk factor 25948 (31.1) 11285 (34.4) 3984 (
any 1 risk factors 23941 (28.7) 9211 (28.0) 3589 (
any 2 risk factors 15770 (18.9) 5716 (17.4) 2541 (
any 3 risk factors 8489 (10.2) 3015 (9.2) 1389 (
≥4 risk factors 8808 (10.5) 3376 (10.3) 1271

Eight stroke risk factors were hypertension, diabetes mellitus, dyslipidemia, heart disease, overweight,

6

status groups.[9,24] A cross-sectional study showed that the high-
income population had a relatively low proportion of insufficient
knowledge of stroke.[23] Thus, from this perspective, the PAR
should be decreased in regions with good socioeconomic status.
In short, the effect of economic status on stroke risk is
complicated, and the potential importance of risk factors in
different regions may be related to socioeconomic status. Another
possible reason is the clustering pattern variation among different
regions.
Second,we found that the same individual risk factor accounted

for different proportions of the PAR of stroke in different regions.
We presumed that the variation in severity and inadequate
treatment of each risk factorwere the leading causes.[25] The risk of
stroke was not only associated with exposure to hypertension but
also with the hypertension duration, blood pressure level and
related complications.[26,27] The coefficients of ethnicity,[12]

lifestyle and living environment[11] in each region may lead to
different PARs of individual stroke.
Overall, 8 risk factors were collectively associated with

approximately 70% to 80% of the PAR of stroke in China.
region2 Western region3 P
∗
1–2 P

∗
1–3 P

∗
2–3

31.0) 10679 (28.2) <.001 <.001 <.001
27.9) 11141 (29.5) 1.00 <.001 .01
19.8) 7513 (19.9) <.001 <.001 1.00
10.8) 4085 (10.8) <.001 <.001 1.00
(9.9) 4161 (11.0) .63 .01 <.001

smoking, physical inactivity, and family history of stroke (FHS).



Table 3

Comparation of different clustering patterns of most common and important stroke risk factors in different regions.

Clustering patterns National China Eastern Region1 Central Region2 Western Region3 P
∗
1–2 P

∗
1–3 P

∗
2–3

Hypertension+ Smoking+ Overweight 1379 (1.7) 544 (1.7) 175 (1.4) 660 (1.7) .08 1.00 .01
Hypertension+ Smoking+ Physical inactivity 1740 (2.1) 730 (2.2) 198 (1.5) 812 (2.1) <.001 1.00 <.001
Hypertension+ Smoking+ Dyslipidemia 692 (0.8) 286 (0.9) 124 (1.0) 282 (0.7) .97 0.20 .06
Hypertension+ Smoking+ FHS 742 (0.9) 392 (1.2) 134 (1.0) 216 (0.6) .36 <.001 <.001
Hypertension+ Overweight+ Physical inactivity 1833 (2.2) 793 (2.4) 187 (1.5) 853 (2.3) <.001 0.45 <.001
Hypertension+ Overweight+ Dyslipidemia 859 (1.0) 367 (1.1) 165 (1.3) 327 (0.9) .35 <.001 <.001
Hypertension+ Overweight+ FHS 767 (0.9) 445 (1.5) 125 (1.0) 197 (0.5) <.001 <.001 <.001
Hypertension+ Physical inactivity+ Dyslipidemia 1216 (1.5) 429 (1.3) 221 (1.7) 566 (1.5) .01 0.11 .21
Hypertension+ Physical inactivity+ FHS 1017 (1.2) 509 (1.5) 156 (1.2) 352 (0.9) .01 <.001 .04
Hypertension+ Dyslipidemia+ FHS 469 (0.6) 242 (0.7) 108 (0.8) 119 (0.3) .56 <.001 <.001

FHS= family history of stroke.
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Traditional risk factors are still the leading cause of stroke in
China. Risk factor control remains a challenge. With the
development of China’s economy, smoking,[28] overweight[29]

and physical inactivity[30] have become the 3 risk factors with the
most obvious growth trends. Screening and managing these
factors are necessary strategies to prevent stroke in the future. In
addition, stroke prevention measures should not only focus on
the risk factors with a high exposure rate but also the
management of important contributing risk factors for stroke.[31]

Moreover, we should pay additional attention to the leading risk
factor for stroke in each region.
4.2. Regional differences in clustering of risk factors

The clustering of risk factors was observed in every region of
China, and the proportions of participants with 0, 1, 2, 3 or ≥4
risk factors were different in the 3 regions. Risk factor clustering
can increase the risk of cerebrovascular diseases, and the
mechanism may be due to aortic stiffness, which has been
demonstrated as an independent predictor of cardiovascular
disease, including stroke.[32] However, according to the results in
Table 2, the differences in the proportions of clusters among
different regions were small, although the differences between
regions were statistically significant. It is difficult to say whether
such small differences can lead to regional differences in stroke
epidemiology.
We found that the distribution trends of stroke risk factors and

the most relevant risk factors for stroke in each region were
similar. Among the 3 regions, hypertension was the most
important leading cause of stroke, followed by dyslipidemia,
physical inactivity and FHS. Our results were consistent with a
previousmeta-analysis[31] and a prospective cohort study in Inner
Mongolia, China. Within the clustering groups, people with
elevated blood pressure had the largest carotid intima-media
thickness.[33] Hypertension is the most important cardiovascular
risk factor, which is the primary cause of stroke worldwide[7] and
has great predictive value for stroke. The combination of
hypertension with other risk factors may increase the risk of
stroke. In addition, a previous study showed that the combina-
tion of 3 or more risk factors was significantly associated with an
increased risk of stroke.[16,34] Therefore, we used hypertension to
analyze the different clustering models with 3 risk factor
combinations.
In our study, we observed that clustering patterns varied

among different regions; these patterns could contribute to
different stroke risks. We found that hypertension combined with
7

dyslipidemia and other risk factors was the most common pattern
in the central region, where the highest stroke prevalence
occurred. Different clustering components in the relative risk of
stroke incidence varied.[14] Peters’ study showed that people with
elevated blood pressure and smoking had the highest risk of
stroke among those with cardiovascular disease and 2 risk factors
in Asia.[15] The effect of clustering patterns on stroke risk was
critical to elucidate the geographical variation in stroke
prevalence. However, we did not evaluate the predictive value
of each clustering pattern. The differences in the proportions of
risk factor clusters between regions were small, although they
were statistically significant. Race, sex and education level in
different regions were also associated with clustering pat-
terns.[12,17] Whether regional differences in the risk factor
clustering patterns are the cause of the geographic variation in
stroke prevalence must be further explored. It is equally
important to further explore the most dangerous clustering
patterns to effectively identify those with the highest risk of stroke
and to explain regional differences in stroke epidemiology.[17,20]
4.3. Limitations

Our study has some limitations. First, only 1 province from the
northeast was combined with the eastern region; therefore, our
results cannot fully reflect the situation in northeast China. Second,
the diagnosis of diseases was mainly based on the self-reports of
patients. The results of PAR need to be carefully interpreted and
validated in rigorously designed studies. Third, in this study, the
calculation of PARwas based on the prevalent stroke cases instead
of current new cases. The alterable individual risk factors may
change after stroke or with time, which may affect the value of
PAR.However, the control groups inour studywere fromthe same
location andperiod, and theywere exposed to the same changeable
risk factors. Therefore, our PAR results likely represent the
proportionof each risk factor in the overall risk indifferent regions.
Fourth, we did not include heart diseases other than atrial
fibrillation, suchas coronary heart disease, heart failure or valvular
heart disease, in our analysis, which may have underestimated the
effect of heart disease on stroke risk. Finally,we did not analyze the
duration and severity of each stroke risk factor, and these may be
potential factors that contribute to stroke risk.
5. Conclusion

Our results suggested that the differences in the relative
importance of stroke risk factors among different regions and
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the rates and patterns of stroke factor clustering may be potential
contributors leading to regional differences in stroke epidemiol-
ogy.
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