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This study aimed to identify independent risk factors for first occurrence of stroke
in Chinese individuals based on prospective cohort studies. Forty prospective cohort
studies assessing 1,984,552 individuals were selected for the final meta-analysis. The
identified risk factors for stroke in the Chinese population included old age (RR =
1.86, 95%Cl: 1.47-2.36), hypertension (RR = 2.76, 95%Cl: 2.26-3.37), cardiovascular
disease history (RR = 1.98, 95%CI: 1.06-3.69), chronic kidney disease (RR = 1.65,
95%Cl: 1.36-2.01), diabetes mellitus (RR = 1.71, 95%CI: 1.34-2.18), metabolic
syndrome (RR = 1.59, 95%Cl: 1.33-1.90), hyperglycemia (RR = 1.49, 95% CI: 1.31-
1.69), obesity (RR = 1.45, 95%CI: 1.29-1.63), smoking (RR = 1.42, 95% CI: 1.27-1.58),
prolonged sleep time (> 7.5h, RR = 1.44, 95%Cl: 1.19-1.75), higher levels of triglyceride
(RR =1.19, 95%Cl: 1.07-1.32), C-reactive protein (RR = 1.34, 95%Cl: 1.07-1.69). High
fruit-rich diet (RR = 0.68, 95%Cl: 0.58-0.80) was associated with a lower risk of stroke.
The spectrum and power of risk factors varied among different cohort inclusion years.
These findings provide a comprehensive tool for the primary prevention of stroke in
Chinese individuals.

Keywords: stroke, risk factor, primary prevention, Chinese, meta-analysis

INTRODUCTION

Stroke is considered the second most common cause of death and disability-adjusted life years
(DALYs) among adults aged 50 years or over, according to the Global Burden of Disease Study
2019 (1). There are estimated 7.74 and 4.19 million incident cases of acute first ischemic stroke
(IS) and hemorrhagic stroke (HS) worldwide, respectively (2). Studies have indicated that stroke
development could be affected by several modifiable risk factors, including elevated lipid profiles,
blood pressure (BP), diabetes mellitus (DM), smoking, alcohol, obesity, unhealthy diet, psycho-
social stress, and lack of physical activity (PA) (3-5). Via risk factor management including
lifestyle intervention (e.g., smoking cessation) and pharmacological intervention (e.g., blood
pressure-lowering medication), the age-standardized incidence of stroke has declined by 8.1%
globally from 1990 to 2016, and by 20.3% in countries with high Socio-demographic index. In
China, stroke is comparatively much less well-controlled, with the age-standardized incidence
of stroke increasing by 5.4% from 1990 to 2016 (6). The prevalence of HS is remarkably
higher in China compared with other countries (2). A previous systematic review reported HS
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prevalence in Chinese individuals is two-fold that of Caucasians
(7). Therefore, vigorous and efficient primary preventive actions
are urgently in need. Unfortunately, the comprehensive profile
of risk factors for stroke in the Chinese population still remains
undefined up to now.

In the current study, we performed a meta-analysis of
prospective cohort studies in Chinese individuals to identify
potential risk factors for first occurrence of stroke. Stratified
analyses based on types of stroke were also carried out in
this study.

METHODS

Data Sources, Search Strategy, and

Selection Criteria

This comprehensive quantitative meta-analysis was carried out
and reported, following the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis Statement (8). Studies
that were designed as prospective cohort trials and reported
effect estimates of the risk of first stroke occurrence in Chinese
population were included in this study, with no restriction on
publication status. On August 22, 2020, we searched the PubMed,
EmBase, and Cochrane library databases with the following core
search terms: “stroke” AND “risk factors” AND “Chinese.” The
details of the search strategy are presented in Supplemental 1.
We restricted the publication language to English. To further
identify studies which are potentially eligible, a manual search of
retrieved articles was conducted in addition.

The initial study selection by reviewing titles and abstracts
was conducted by two authors independently, followed by
the full-text evaluation based on group discussion involving 3
authors independently. Any disagreement among the authors
was settled by the corresponding author after reviewing the
original articles. Studies satisfying the following inclusion criteria
were included in the meta-analysis: (1) prospective cohort design;
(2) assessed risk factors including demographic features, pre-
existing diseases, lifestyles, and biochemical exposures reported
in > 3 studies; (3) reported original data or adjusted effect
estimates (odds ratio [OR], relative risk [RR], or hazard ratio
[HR]) with 95% confidence interval (CI); (4) inclusion of healthy
Chinese individuals aged >18.0 years without stroke history.

Data Collection and Quality Assessment

Data extraction and quality assessment were carried out by 2
authors. Any disagreement among the authors was settled by an
additional author reviewing the original articles. The extracted
data were entered in a standardized data collection form. The
collected items included name of the first author or the whole
study group, publication year, sample size, mean participant
age, number of men/women, follow-up duration, reported
outcomes, adjusted factors, and effect estimates of the risk of

Abbreviations: BP, blood pressure; CI, confidence interval; CKD, chronic kidney
disease; CRP, C-reactive protein; CVD, cardiovascular disease; DM, diabetes
mellitus; HR, hazard ratio; HS, hemorrhagic stroke; IS, ischemic stroke; NOS,
Newcastle-Ottawa Scale; OR, odds ratio; PA, physical activity; RR, relative risk;
TG, triglycerides.

stroke. The Newecastle-Ottawa Scale (NOS), a comprehensive
tool and partially validated method for assessing the quality
of observational studies (9), was used to assess the quality of
included studies. The “star system” of NOS, including selection,
comparison and outcome, ranged from 0 to 9. A study with 7 or
more stars was considered of high quality.

Statistical Analysis

The profile of risk factors for first occurrence of stroke in
Chinese individuals was examined as binary data. Given the low
incidence of stroke, the OR could be regarded as equal to the
RR. Moreover, the HR was considered to be approximately equal
to RR because the included studies were designed as prospective
cohort trials. Then, the pooled RR was calculated by a random-
effects model for each parameter (10). Heterogeneity across the
included studies for each risk factor was assessed by the I? index
and Q statistic; significant heterogeneity was considered with a
P-value for Q statistic < 0.10 (11). Sensitivity analysis was carried
out for factors reported in > 10 cohorts by sequentially excluding
individual studies (12). Regression analysis was employed to
assess the role of cohort inclusion years in the risk of stroke
if the factor was reported in > 5 cohorts. Subgroup analysis
was also conducted according to types of stroke and cohort
inclusion years (inclusion year before 2000 vs. after 2000), while
the interaction P-value was calculated to assess the differences
between subgroups (13). Publication bias for factors reported
in > 10 cohorts was also evaluated using funnel plots, and the
Egger and Begg tests (14). The P-value for all pooled results was
two-sided, and P < 0.05 was considered statistically significant.
The STATA software (version 10.0; Stata Corporation, College
Station, TX, USA) was employed for data analysis.

RESULTS

Literature Search

The initial electronic search yielded 21,109 articles, and 14,461
were excluded owing to duplicate titles. The remaining 6,648
articles were reviewed by titles and abstracts, and 6,147 were
further excluded due to topic irrelevance. A total of 501 studies
were retrieved for full-text evaluation, and 40 cohorts reported in
89 studies assessing 1,984,552 individuals were selected for final
quantitative meta-analysis. A further manual search throughout
the reference lists of included studies yielded no more eligible
studies. Details concerning literature search and the study
selection process are shown in Figure 1.

Study Characteristics

Supplemental 2 summarizes the baseline characteristics of
included studies and examined populations. The included studies
were published in 1996-2019, and each included 421-489,301
individuals. The follow-up duration ranged from 1.0 to 30.0
years. Three of the included cohorts reported unadjusted
effect estimates, and the remaining 37 reported adjusted effect
estimates. The quality of included studies was assessed by the
NOS. Eight studies had 8 stars, 21 had 7 stars, and the remaining
11 had 6 stars.
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40 cohorts (89 studies included)

FIGURE 1 | The PRISMA flowchart for literature search and study selection.

Meta-Analysis
The pooled results for stroke risk factor profiles are summarized
in Figure 2 and Table 1.

The summary RRs indicated elderly (RR = 1.86, 95%CI:
1.47-2.36, P < 0.001) was associated with increased risk of
stroke, whereas no sex difference was found regarding the risk
of stroke (RR = 0.85, 95%CI: 0.66-1.09, P = 0.191). Pre-
existing hypertension (RR = 2.76, 95%CI: 2.26-3.37; P < 0.001),
cardiovascular disease (CVD) history (RR = 1.98, 95%CI: 1.06—
3.69; P = 0.033), chronic kidney disease (CKD) (RR = 1.65,
95%CI: 1.36-2.01, P < 0.001), diabetes mellitus (DM) (RR = 1.71,

95%CI: 1.34-2.18, P < 0.001), metabolic syndrome (RR = 1.59,
95% CI: 1.33-1.90, P < 0.001), hyperglycemia (RR = 1.49, 95%
CI: 1.31-1.69, P < 0.001) and obesity (RR = 1.45, 95%CI: 1.29-
1.63, P < 0.001) were associated with increased risk of stroke.
Unhealthy lifestyles, including smoking (RR = 1.42, 95%CI:
1.27-1.58, P < 0.001) and prolonged sleep time (>7.5h) (RR =
1.44, 95%CI: 1.19-1.75, P < 0.001), increased the risk of stroke.
Meanwhile, alcohol intake, short sleep time (<6.5h), and sleep
behavior disorder were not associated with the risk of stroke.
Besides, higher fruit-rich diet intake led to a reduced risk of
stroke (RR = 0.68, 95%CI: 0.58-0.80, P < 0.001). In addition,
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Qutcome RR (95% Cl)
Demographic
Elderly —_—— 1.86 (147, 2.36)
Gender (female vs male) =3 0.85 (0.66, 1.09)
Pre—existing Diseases
Hypertension —— 2.76(2.26,3.37)
CVD history e 1.98 (1.06, 3.69)
CKD —— 1.65 (1.36,2.01)
DM — 1.71(1.34,2.18)
Metabolic Syndrome —— 1.59(1.33, 1.90)
Hyperglycemia —— 149 (1.31, 1.69)
Obesity - 1.45(1.29, 1.63)
Life Style
Smoking =G 142(1.27,158)
Alcohol % 1 07 (0.82, 1.40)
Sleep time (> 7.5 hours) —— 44(1.19, 1.75)
Sleep time (< 6.5 hours) —— 1 01 (0.90, 1.13)
Sleep behavior disorder -5 1.73(0.83, 3.61)
Fruit—Rich Diet e 0.68 (0.58, 0.80)
Biochemical exposures
TC - 1.05 (0.98, 1.13)
TG 1.19(1.07, 1.32)
LDL -4~ 1.09 (0.85, 1.39)
HDL —— 0.90(0.81, 1.00)
Hypertriglyceridemia <> 1.33(0.79,2.21)
CRP —_—— 1.34(1.07,1.69)
Uric acid -4~ 1.11(0.83, 1.47)

I | |
3 5 1 2
FIGURE 2 | Summary risk factors for stroke incidence.

higher levels of triglycerides (TG) (RR = 1.19, 95%CI: 1.07-1.32,
P = 0.001) and C-reactive protein (CRP) (RR = 1.34, 95%CL:
1.07-1.69, P = 0.012) were associated with increased risk of
stroke, whereas TC, LDL, HDL, hypertriglyceridemia, and uric
acid were not associated with the risk of stroke in the Chinese
population. Significant heterogeneity was observed for sex (=
72.5%; P = 0.003), hypertension (= 95.8%; P < 0.001), CVD
history (= 83.7%; P < 0.001), CKD (I*= 47.7%; P = 0.046),

DM (PP= 63.3%; P = 0.012), obesity (I’= 74.3%; P < 0.001),
smoking (= 78.0%; P < 0.001), alcohol intake (= 77.8%;
P = 0.001), prolonged sleep time (>7.5h) (B= 76.7%; P <
0.001), short sleep time (< 6.5h) (I>= 44.0%; P = 0.098), sleep
behavior disorder (P= 84.4%; P = 0.002), fruit-rich diet (=
69.9%; P = 0.036), TG (I*>= 67.0%; P = 0.002), LDL (= 75.6%;
P = 0.003), HDL (I*= 77.8%; P < 0.001), hypertriglyceridemia
(2= 78.3%; P = 0.010), and uric acid (I>= 67.7%; P = 0.045).
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TABLE 1 | The summary results for risk factors.

Outcomes Number of cohorts RR and 95%CI P-value Heterogeneity (%) P-value for heterogeneity
Demographic

Elderly 5 1.86 (1.47-2.36) < 0.001 42.0 0.111
Sex (female vs. male) 5 0.85 (0.66-1.09) 0.191 72.5 0.003
Pre-existing diseases

Hypertension 19 2.76 (2.26-3.37) < 0.001 95.8 < 0.001
CVD history 4 1.98 (1.06-3.69) 0.033 83.7 < 0.001
CKD 6 1.65 (1.36-2.01) < 0.001 47.7 0.046
DM 7 1.71(1.34-2.18) < 0.001 63.3 0.012
Metabolic Syndrome 6 1.59 (1.33-1.90) < 0.001 22.7 0.249
Hyperglycemia 7 1.49 (1.31-1.69) < 0.001 0.0 0.531
Obesity 15 1.45 (1.29-1.63) < 0.001 74.3 < 0.001
Life style

Smoking 15 1.42 (1.27-1.58) < 0.001 78.0 < 0.001
Alcohol 5 1.07 (0.82-1.40) 0.626 77.8 0.001
Sleep time (> 7.5h) 4 1.44 (1.19-1.75) < 0.001 76.7 < 0.001
Sleep time (< 6.5h) 4 1.01 (0.90-1.13) 0.917 44.0 0.098
Sleep behavior disorder 3 1.73(0.83-3.61) 0.146 84.4 0.002
Fruit-Rich Diet 3 0.68 (0.58-0.80) < 0.001 69.9 0.036
Biochemical exposures

TC 4 1.05 (0.98-1.13) 0.151 35.4 0.158
TG 6 1.19(1.07-1.32) 0.001 67.0 0.002
LDL 3 1.09 (0.85-1.39) 0.502 75.6 0.003
HDL 6 0.90 (0.81-1.00) 0.062 77.8 < 0.001
Hypertriglyceridemia 3 1.33 (0.79-2.21) 0.280 78.3 0.010
CRP 3 1.34 (1.07-1.69) 0.012 25.3 0.262
Uric acid 3 1.11(0.83-1.47) 0.490 67.7 0.045

No other significant heterogeneity across the included studies
was observed. The associations of hypertension, obesity, and
smoking with the risk of stroke in Chinese individuals were
reported in > 10 cohorts, and sensitivity analysis suggested
that the pooled conclusions were robust irrespective of excluded
studies (Supplemental 3).

Subgroup Analysis

Subgroup analysis (Table 2) suggested that hypertension, CVD
history, CKD, hyperglycemia and obesity were associated with
the risk of both IS and HS. The RRs of hypertension and
sleep behavior disorder were high in HS, while that of obesity
was high in IS. Subgroup analysis also showed that DM,
metabolic syndrome, smoking, prolonged sleep time (>7.5h),
and elevated TC, TG, and CRP were only associated with
the risk of IS. Alcohol intake was only associated with a
reduced risk of IS, while not significantly affecting the risk
of HS. A fruit-rich diet could protect the body against both
IS and HS risk, and the protective effect was stronger on
HS than on IS.

Stratified analyses based on cohort inclusion years were also
conducted, and cohort inclusion years could bias the associations
of sex (female vs. male), hypertension, DM, obesity, smoking,
and elevated TG and HDL with the risk of stroke (Table 3).
In pooled cohorts initially recruited before 2000, hypertension,

CKD, DM, hyperglycemia, obesity, and smoking were associated
with increased risk of stroke. Furthermore, in pooled cohorts
initially recruited in 2000 or afterwards, hypertension, DM,
metabolic syndrome, hyperglycemia, smoking, and elevated TG
were associated with increased risk of stroke. Finally, the female
sex and elevated HDL decreased the risk of stroke when pooled
cohorts were initially recruited in or after 2000.

Next, the potential role of cohort inclusion years in
pooled effect estimates was investigated for factors reported
in >5 cohorts (Supplemental 4). The results showed that the
cumulative RRs of hypertension (P = 0.020) and obesity
(P = 0.046) in HS decreased with increasing inclusion years.
However, no association was observed between cohort inclusion
years and the effects of alcohol, CKD, DM, sex, hyperglycemia,
hypertension, metabolic syndrome, obesity, and smoking on the
risk of all types of stroke. Furthermore, the associations of CKD,
hypertension, obesity, and smoking with the risk of IS were
not affected by cohort inclusion years. Finally, cohort inclusion
years did not affect the association between smoking and the
risk of HS.

Publication Bias
Publication bias was evaluated for hypertension, obesity, and
smoking (Supplemental 5). There was no significant publication
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TABLE 2 | Subgroup analysis of stroke subtypes.

Factor Subgroup Number of studies RR and 95%CI P-value Heterogeneity P-value between subgroups

Sex (female vs. male) IS 4 0.93 (0.57-1.51) 0.769 83.8 (<0.001) 0.376
HS 2 0.70 (0.53-0.91) 0.008 53.4 (0.143)

Hypertension IS 12 2.36 (1.93-2.89) < 0.001 72.5 (<0.001) < 0.001
HS 6 3.67 (2.28-5.92) < 0.001 89.3 (<0.001)

CVD history IS 2 2.21 (1.25-3.91) 0.006 5.4 (0.304) 0.422
HS 1 2.82 (2.07-3.85) < 0.001 -

CKD IS 9 1.57 (1.24-1.99) < 0.001 50.4 (0.041) 0.106
HS 2 2.25 (1.52-3.35) < 0.001 0.0 (0.751)

DM IS 2 1.92 (1.51-2.45) < 0.001 35.7 (0.212) 0.005
HS 2 1.27 (0.89-1.81) 0.180 64.2 (0.095)

Metabolic Syndrome IS 4 1.72 (1.24-2.38) 0.001 61.0 (0.053) 0.361
HS 2 1.36 (0.99-1.88) 0.057 0.0 (0.650)

Hyperglycemia IS 5 1.45(1.13-1.85) 0.003 30.2 (0.220) 0.904
HS 4 1.45 (1.20-1.77) < 0.001 0.0 (0.604)

Obesity 1S 13 1.73 (1.51-1.98) < 0.001 69.6 (<0.001) < 0.001
HS 11 1.31 (1.08-1.58) 0.005 66.0 (0.001)

Smoking IS 10 1.63 (1.46-1.83) < 0.001 0.0 (0.500) 0.060
HS 6 1.18 (0.85-1.63) 0.318 67.6 (0.009)

Alcohol IS 1 0.76 (0.63-0.92) 0.004 - 0.326
HS 1 0.92 (0.66-1.28) 0.622 -

Sleep time (> 7.5 hours) IS 3 1.32 (1.02-1.70) 0.035 76.8 (0.013) 0.202
HS 3 1.15 (0.87-1.52) 0.329 36.5 (0.207)

Sleep time(< 6.5 hours) 1S 3 1.07 (0.84-1.37) 0.563 82.6 (0.003) 0.575
HS 3 0.97 (0.81-1.17) 0.776 0.0 (0.734)

Sleep behavior disorder IS 1 1.98 (1.07-3.47) 0.028 - 0.048
HS 1 6.61(2.27-19.26) 0.001 -

Fruit-rich diet IS 1 0.75 (0.72-0.79) < 0.001 - 0.034
HS 1 0.64 (0.56-0.74) < 0.001 -

TC IS 4 1.13 (1.04-1.23) 0.005 30.7 (0.217) 0.001
HS 3 0.93 (0.84-1.02) 0.119 2.9(0.378)

TG IS 4 1.20 (1.05-1.38) 0.010 67.6 (0.015) 0.525
HS 3 1.13 (0.95-1.36) 0.164 64.0 (0.040)

LDL IS 2 1.42 (0.84-2.38) 0.190 89.0 (0.003) 0.019
HS 3 0.92 (0.77-1.10) 0.339 0.0 (0.418)

HDL IS 4 0.95 (0.90-1.01) 0.108 0.0 (0.702) 0.001
HS 3 0.89 (0.72-1.10) 0.285 87.4 (<0.001)

Hypertriglyceridemia IS 1 1.36 (0.98-1.89) 0.066 - 0.371
HS 2 1.21 (0.40-3.65) 0.734 88.1(0.004)

CRP IS 2 1.31 (1.10-1.57) 0.003 0.0 (0.419) 0.227
HS 2 1.05 (0.77-1.44) 0.738 0.0 (0.449)

Uric acid IS 2 1.13 (0.80-1.60) 0.475 70.2 (0.067) 0.495
HS 2 0.93 (0.54-1.61) 0.791 64.8 (0.092)

bias for hypertension (Pggger = 0.468; Ppegg = 0.113). Although DISCUSSION

the Beggs test indicated no significant publication bias for obesity
(P = 0.944) and smoking (P = 0.150), the Egger’s test suggested
potential significant publication bias for obesity (P = 0.007)
and smoking (P = 0.051). After adjustment by the trim and fill

This

1,984,552

Principal Findings
comprehensive
individuals

quantitative
in 40 prospective
wide individual characteristics. The results suggested the

meta-analysis  assessed

cohorts across

method, the pooled conclusions were not significantly changed  demographic characteristic of old age; pre-existing diseases
(Supplemental 5). such as hypertension, CVD history, CKD, DM, metabolic
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TABLE 3 | Subgroup analysis of stroke incidence based on inclusion period.

Factor Inclusion period RR and 95%Cl  P-value Heterogeneity (%) P-value for heterogeneity = P-value between subgroups

Sex (female vs. male) 2000 or after 0.64 (0.56-0.73) < 0.001 0.0 0.650 < 0.001
Before 2000 1.06 (0.82-1.37) 0.658 21.6 0.281

Hypertension 2000 or after 2.33(1.82-2.96) < 0.001 71.6 < 0.001 < 0.001
Before 2000 3.04 (2.32-3.98) < 0.001 97.2 < 0.001

CKD 2000 or after 1.36 (0.77-2.40) 0.282 77.2 0.004 0.312
Before 2000 1.79(1.51-2.12) < 0.001 0.0 0.695

DM 2000 or after 1.44 (1.20-1.73) < 0.001 27.6 0.246 0.001
Before 2000 2.53(1.91-3.34) < 0.001 0.0 0.620

Metabolic Syndrome 2000 or after 1.62 (1.37-1.92) < 0.001 0.0 0.749 0.549
Before 2000 2.05 (0.88-4.76) 0.096 70.4 0.034

Hyperglycemia 2000 or after 1.48 (1.27-1.71) < 0.001 1.6 0.406 0.858
Before 2000 1.52 (1.19-1.93) 0.001 0.0 0.404

Obesity 2000 or after 1.26 (0.97-1.63) 0.077 85.1 < 0.001 0.037
Before 2000 1.51(1.30-1.76) < 0.001 54.0 0.026

Smoker 2000 or after 1.46 (1.27-1.67) < 0.001 0.0 0.321 0.014
Before 2000 1.40(1.24-1.58) < 0.001 80.0 < 0.001

TG 2000 or after 1.50 (1.28-1.77) < 0.001 0.0 0.959 < 0.001
Before 2000 1.09 (1.00-1.18) 0.052 47.8 0.088

HDL 2000 or after 0.82 (0.69-0.97) 0.022 52.3 0.123 < 0.001
Before 2000 0.96 (0.91-1.01) 0.146 0.0 0.423

syndrome, hyperglycemia, and obesity; unhealthy lifestyles,
including smoking and prolonged sleep time (>7.5h); and the
biochemical parameters of high TG and CRP levels were all
associated with increased risk of stroke in Chinese individuals.
Only high fruit-rich diet intake could decrease the risk of stroke.
Subgroup analysis suggested the RRs of hypertension and sleep
behavior disorder were high in HS, while that of obesity was
high in IS. The protective effect of fruit-rich diet was stronger
in HS compared with IS. It was also found that the cumulative
RRs of hypertension and obesity in HS decreased with increasing
inclusion years.

Comparison With Previous Studies

A previous meta-analysis by Wang et al. including only
15 cohorts and 178 case-control studies found hypertension,
DM, CVD history, family history of stroke, hyperlipidemia,
overweight, and smoking were correlated with high risk of
stroke, while PA could reduce the risk of stroke (15). The
uncontrolled selection and confounder biases might affect the
overall reliability of pooled effect estimates, with both prospective
and retrospective observational studies included. In addition,
the results regarding single variables in previous meta-analyses
are presented in Supplemental 6 (4, 16-32). Although most
pooled conclusions in Chinese individuals were consistent with
previous meta-analyses, several results should be highlighted.
(1) The present study found obesity increased the risk of stroke
irrespective of IS or HS, whereas a previous meta-analysis found
overweight and obesity increased the risk of stroke with a J-
shaped dose-response relationship (4). The potential reason for
this discrepancy could be the variable cutoff values for obesity
and overweight in individual studies. (2) As shown above, alcohol

intake was associated with reduced risk of IS. In comparison,
a previous meta-analysis found low-to-moderate alcohol intake
was associated with lower risk of IS, whereas heavy alcohol intake
increased the risk of both IS and HS (33). A dose-response
curve was not generated in this study, because restricted cubic
splines with 3 knots at the fixed percentiles of 10, 50, and 90%
of distribution were reported in few studies (34). (3) Prolonged
sleep time was associated with increased risk of stroke, whereas
a previous meta-analysis found both prolonged and short sleep
times were correlated with high risk of stroke (21). The potential
reason for this difference could be attributed to the small number
of included cohorts, and the insufficient statistical power that fails
to detect tiny difference.

Implications for Clinicians and Policy

Makers

Stratified analyses suggested risk factors for HS and IS differed.
Cohort inclusion years could affect the impacts of these risk
factors. Several issues should be highlighted based on these
findings. (1) As shown above, hypertension was the main risk
factor for HS and exerted more effects on HS than on IS.
We also found the risk of hypertension decreased for HS
while remaining unchanged for IS, and the accumulative RR
for hypertension decreased with increasing inclusion years.
This may be explained by the current status of hypertension
control in China. Hypertension control rates are increasing,
coinciding with a rising hypertension prevalence across the
nation. According to six national epidemiological investigations,
the awareness (26.3 vs. 51.6%), treatment (12.1 vs. 45.8%),
and control (2.8% vs. 16.8%) rates for hypertension increased
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from 1991 to 2015, while hypertension prevalence increased
from 5.1% (in 1959) to 7.7% (in 1980), 13.6% (in 1991),
18.8% (in 2002), 25.2% (in 2012), and 27.9% (in 2015) (35).
We can therefore infer that hypertension control in China
is active but not robust enough. Strategies for hypertension
management should be strengthened, and the risk of IS would
decrease. (2) Obesity showed a tighter association with the risk
of IS compared with HS. Actually, obesity is associated with
various ischemic risk factors for stroke, including hypertension,
dyslipidemia, DM, obstructive sleep apnea syndrome, and atrial
fibrillation. Controlling obesity could decrease the risk of stroke
directly and help better manage other risk factors. Similarly,
the decreasing adverse impact of obesity on the risk of HS
could be partly explained by hypertension, dyslipidemia and
DM control strategies implemented in China, while obesity
prevalence among Chinese adults has increased substantially
with the development of economy (36). These data suggest
there is an urgent need to reverse the trend toward obesity.
(3) As shown above, fruit-rich diet was a strong protective
factor for stroke in China, which remains consistent with
previous studies (37, 38). The mechanisms underlying protection
from fruits vary by fruit type, including the modulation
of molecular events and signaling pathways associated with
correcting endothelial dysfunction, reducing disorders in lipid
metabolism, anti-hypertension, suppressing platelet function,
alleviating I/R injury, inhibiting thrombosis, reducing oxidative
stress, and inhibiting inflammatory responses (39). The reasons
why fruit-rich diet was associated with lower risk of HS compared
with IS in this study deserve further investigation; but fruit-
rich diet should be encouraged in our future primary stroke
prevention strategy anyway. To meet the challenge of stroke
as a major cause of mortality, and long-term physical and
cognitive impairment, China launched a nationwide project
to promote stroke prevention and control (40). The program
has led to a significant improvement in the care for stroke
patients. The results of our study suggested similar spectrum of
risk factors and preventive strategy in Chinese individuals for
stroke when compared with their foreign counterparts, which
indicated that clinicians in China can also handle individuals at
higher risk of stroke referring to guidelines and evidence from
other countries.

Unanswered Questions and Future

Research

There has been an increasing interest in novel nontraditional
risk factors, some of which are considered to be specifically
important in the Chinese population but are not included
here due to the limited number of studies taken in.
Taking air pollution as an example, the relation between
exposure to fine particles and stroke has been reported
previously (41). It was shown that air pollution accounts
for almost a third of stroke-related disability-adjusted life
years, especially in China. Therefore, further prospective
studies assessing Chinese individuals are needed, and
reducing exposure to air pollution should be one of the top
priorities in order to reduce stroke burden. Besides, sleep

behavior disorder was a considerable risk factor. However,
whether the intervention of sleep behavior disorder could
decrease the risk of stroke remains unknown and needs
further research.

Strengths and Limitations of Study

The strengths of this comprehensive, quantitative meta-analysis
should be highlighted: (1) this study was based on prospective
cohort trials, and selection and recall biases could eliminate the
concerns of retrospective observational studies; (2) the analysis
was based on a large sample size, and the present conclusions
were robust than that of any individual study; (3) comprehensive
risk factor profiles for the incidence of stroke were provided; and
(4) the analysis was stratified by stroke type and cohort inclusion
years, which helped explore the potential differences between IS
and HS and avoid selection bias.

However, several limitations of this meta-analysis should be
acknowledged: (1) the adjusted models were different among
the included studies, which might play an important role in
the progression of stroke; (2) for certain identified factors,
only small numbers of included studies were available, and as
a result, the statistical power might not be enough to detect
potential associations; (3) this study was based on published
articles, and publication bias was therefore inevitable; and (4)
the current analysis was based on study-level findings, and
individual data were not available, which prevented a more
detailed analysis.

CONCLUSION

We provided a comprehensive updated set of risk factors for
stroke in Chinese individuals, which would inspire the design
of interventional studies and support future development in
guideline or policy for stroke prevention.
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