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1. Abstract

Objective:This study was aimed to assess the association of known and 

emerging risk factors with stroke and its primary subtypes, and develop a nomogram 

for predicting stroke risk in middle-aged and elderly Chinese population.

Method:This is a retrospective cohort study from a prospectively collected 

database. We included a total 3,214 adults aged 45-80 years free of stroke or 

myocardial infarction at baseline in the 2009-2015 cohort of China Health and 

Nutrition Survey (CHNS). Multivariate Cox regression analyses were applied to 

identify independent predictors. A nomogram was constructed to predict 6-year risk 

of stroke based on the multivariate analysis results. Bootstraps with 1000 resamples 

were applied to both C-index and calibration curve .

Result:The overall prevalence of overall stroke was 2.98%. After multivariate 

analysis , age,gender,hypertension and low-density lipoprotein cholesterol(LDL-C) 

were found as significant risk predictors for overall stroke and ischemic 

stroke;age,gender,hypertension and body mass index (BMI)were found as significant 

risk predictors for hemorrhagic stroke.The nomogram was constructed using 

significant variables included in the model,with a bootstrap-corrected C-index of 

0.75,0.77 and 0.81 for overall stroke,ischemic stroke and hemorrhagic stroke 

model,respectively.The calibration curves demonstrating the good agreements 

between predicted and observed 6-year risk probability.
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Conclusion:Our nomogram could be convenient, easy to use, and effective 

prognoses for predicting 6-year risk of developing stroke in middle-aged and elderly 

Chinese population. Nomogram could be used to assist the level 1 prevention of 

stroke and provide key information to reduce the incidence and burden of diseases.

Key words:Stroke,Risk factor,Epidemiology

Strengths and limitations of this study 

Strengths 

1. Previous studies that develop the stroke risk prediction models were initially 

developed from the western populations[6]-[8],thus application of these model 

to general Chinese population is still questionable. In addition,for young 

adults,using 5-year or 10-year risk model could affect early identification and 

health education of persons with low short-term risk but high long-term 

risk[9] .Therefore,we developed a simple, convenient, and efficient model to 

predicting the 6-year risk of stroke among middle-aged and elderly Chinese 

adults.

2. Furthermore,many stroke risk prediction model only built for overall 

stroke[10][11]. However, there are some notable differences of risk factors 

between ischemic and hemorrhagic stroke[12]. Therefore,we developed a 
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simple, convenient, and efficient model to predicting the 6-year risk of 

overall ,ischemic and hemorrhagic stroke among middle-aged and elderly 

Chinese adults.

limitations 

1. Our study has several limitations. First, we only screen residents older older then 

45 and younger then 80 years old from nine provinces of China. Therefore, our 

current results cannot be generalized to all populations in China.

2. Second,the long-term,>6 years,incidence of stroke for these risk factors are 

unknown .In future studies, we project to prospective follow-up participants, 

gather data about mortality and incidence of stroke in participants. 

3. Finally, the nomogram has not been externally validate.However, we used a 

1000 bootstrap resampling strategy for internal validation and the nomogram 

showed good performance in terms of  calibration and discrimination for 

predicting risk of stroke in middle-aged and  elderly Chinese person . 

2. Introduction

Stroke is the leading cause of death and is a major cause of permanent disability 

worldwide[1][2].In 1990-2010,the incidence of stroke has decreased by 12% in 

high-income countries, because of effective strategies for preventing 
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cerebrovascular risk factor and good health services in developed countries. On the 

contrary , the age-adjusted incidence of stroke significantly increased by 12% in 

low-income and middle-income countries[3]. In China,the world’s most populous 

country,the incidence of stroke increase by 8.3% among adults aged 40 years and 

older during 2002 to 2013[4][5].

Therefore, stroke prevention is essential for enhancing public health and 

reducing social burden in countries with heavy stroke burden such as China. 

Prediction model for actively assessing stroke risk are required to ensure targeted 

strategies for stroke prevention and management in high-risk groups .

Previous studies that develop the stroke risk prediction models were initially 

developed from the western populations[6]-[8],thus application of these model to 

general Chinese population is still questionable. In addition,for young adults,using 

5-year or 10-year risk model could affect early identification and health education of 

persons with low short-term risk but high long-term risk[9] .Furthermore,many 

stroke risk prediction model only built for overall stroke[10][11]. However, there are 

some notable differences of risk factors between ischemic and hemorrhagic 

stroke[12]. Therefore,we developed a simple, convenient, and efficient model to 

predicting the 6-year risk of overall ,ischemic and hemorrhagic stroke among 

middle-aged and elderly Chinese adults.

Page 6 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
rasm

u
sh

o
g

esch
o

o
l

at D
ep

artm
en

t G
E

Z
-L

T
A

 
o

n
 M

ay 5, 2025
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

7 Ju
ly 2021. 

10.1136/b
m

jo
p

en
-2021-048734 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

https://xueshu.baidu.com/usercenter/paper/show?paperid=bc71bf137f8b6c6822e11df5819a65af&site=xueshu_se
http://bmjopen.bmj.com/


For peer review only

3. Method 

3.1.Study design

The China Health and Nutrition Survey(CHNS) was conducted by University of 

North Carolina at Chapel Hill, and the National Institute for Nutrition and Health at 

the Chinese Center for Disease Control and Prevention in nine provinces 

(Heilongjiang, Liaoning, Shandong, Jiangsu, Henan, Hubei, Hunan, Guangxi, and 

Guizhou) to examine the status of economic , public resources, health and 

nutrition . A multistage, random cluster process was used to draw the samples in the 

Chinese population. The survey is ongoing nationwide study that started in 1989 and 

subsequently conducted in1991, 1993, 1997, 2000, 2004, 2006, 2009, 2011and 

2015.All participants provided written informed consent. Details about the study 

design are available elsewhere [13][14].Baseline data collection included 

demographic information, a medical history, standardized medical examination, 

laboratory tests, and anthropometric measurements.

3.2.Study population

For this study, data were drawn from the 2009-2015 CHNS cycles(n=12,178). 

After excluding participants who were younger than 45 years or older than 80 years 

at baseline (n = 6,148), persons who had history of stroke or myocardial infarction(n 

= 291), persons who lost to follow up(n = 1,770), and those without complete 

physical survey data or blood measure data at baseline(n = 845).As a result, 1,434 
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men and 1,690 women were available for analysis.

3.3.Data collection

History of diseases ,individual activities, lifestyle, health status, marriage and 

birth history were acquired through a individual questionnaire .Adults and children 

receive detailed physical examinations that included weight, height, arm and head 

circumference, mid-arm skinfold measurements , and blood pressure .Blood 

pressure was measured thrice by experienced physicians with the participant in the 

sitting position.The biomarker data collected in CHNS 2009 involves the release of 26 

fasting blood measures on individuals aged 7 and older.Frozen serum samples were 

sent to a national central lab in Beijing (medical laboratory accreditation certificate 

ISO 15189:2007) for measurement of serum lipid levels. 

3.4.Definitions 

Age variable was divided into three groups as follows: 45-55 years old, 55–65 

years old and 65–80 years old.Low-density lipoprotein cholesterol(LDL-C)was 

classified into three categories as follows:0-3mmol/L,3-4mmol/L and ≥4mmol/L; 

high-density lipoprotein cholesterol(HDL-C)was classified into two categories as 

follows:0-1mmol/L and ≥1mmol/L;total cholesterol(TC) was classified into three 

categories as follows:0-5mmol/L ,5-6mmol/L and ≥6mmol/L .Body mass index (BMI) 

was was classified into three categories as follows: 0-24kg/m2, 24-28kg/m2 and 
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≥28kg/m2.Systolic blood pressure(SBP) and diastolic blood pressure(DBP) was 

defined as mean SBP and DBP of there test result. Hypertension was defined as 

blood pressure >160/90mmHg or taking antihypertensive drugs. Smoking status was 

classified into two categories as follows: never smoke and ever or current 

smoke;alcohol drinking status was divide into two groups:never drink and ever or 

current drink. Diabetes was identified by self reports of a history of diabetes 

diagnosis.

Incident stroke was was defined by a doctor’s diagnosis or treatment history for 

stroke during the follow-up period (2009-2015).Cases were censored at the date of 

diagnosis of stroke or the final visit, whichever came first. 

3.5.Statistical analysis

Results are presented number (percentage) for categorical variables. Cox 

proportional hazards models were used to explore the relation between baseline risk 

factors and overall stroke incidence.In addition,we also constructed the models with 

the outcomes of ischemic stroke and hemorrhagic stroke(unknown stroke 

participants were excluded). In multivariate analysis , we included confirmed or 

conceivable confounding factors for stroke as covariates, including age,gender (male 

or female) , BMI(kg/m2), hypertension(no or yes) , LDL-C(mmol/L) , 

HDL-C(mmol/L),TC(mmol/L),drinking status(no or current/ever),smoking status (no 

or current/ever) , diabetes(no or yes) and site(rural or urban).

Risk factors found to be statistically significant(P<0.1) in multivariate analysis 
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were further evaluated using nomogram .A score was assigned to each risk factor in 

the nomogram in order that total points could be easily calculated to estimate the 

probability of stroke. To assess the accuracy of the nomogram,bootstraps with 1000 

resamples were applied to both C-index and calibration curve .

All statistical analyses were carried out using R software version 3.6.1 

(http://www.R-project.org). 

4. Result

4.1.Baseline clinical characteristics of participants

The baseline clinical characteristics of the patients are listed in Table 1. During a 

median follow-up of 6 years ,2.98%(93) participants developed firstever overall 

stroke events, including 37 ischemic strokes, 25 hemorrhagic strokes, and 31 

unspecified stroke events.There were 1001(32.04%) currently or ever smoking, 

1066(34.12%) currently or ever drinking, 411(13.16%) had history of diabetes,and 

2218(71.00%) live in rural areas.

4.2.multivariable analysis predicting stroke

Table 2 displays the HR [95% confidence interval (CI)] for stroke in different subgroups. 

Multivariate Cox regression analysis showed that age, gender(for female vs male,HR(9

5%CI)=1.58[0.92-2.72]), Hypertension(for no vs yes,HR(95%CI)=2.77[1.81-4.24]) and L

DL-C (for 0-3 vs 3-4mmol/L,HR(95%CI)=1.75[0.99-3.09];for 0-3 vs ≥4mmol/L,HR(95
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%CI)=1.86[0.79-4.37]) were independent risk predictors for developing overall stroke (

p<0.1), which were further used to build a nomogram.

The significant risk factors (p<0.1) for ischemic stroke were age, gender (for fem

ale vs male,HR(95%CI)=2.00[0.86-4.66]), Hypertension(for no vs yes,HR(95%CI)=2.46[

1.25-4.84]) and LDL-C(for 0-3 vs 3-4mmol/L,HR(95%CI)=4.38[1.61-11.90];for 0-3 vs 

≥4mmol/L,HR(95%CI)=6.55[1.65-25.98]).The significant risk factors (p<0.1) for hemorr

hagic stroke were age, gender (for female vs male,HR(95%CI)=3.48[1.20-10.10]), Hype

rtension(for no vs yes,HR(95%CI)=2.86[1.24-6.57]) and BMI(for 0-24 vs ≥28 kg/㎡, H

R(95%CI)=3.28[1.01-10.61]).

4.3.Nomogram construction and validation 

These independently associated risk factors were used to construct an overall 

stroke, ischemic stroke and hemorrhagic stroke risk estimation nomogram  

(Fig. 1,Fig. 2). The resulting model was internally validated using the bootstrap 

validation method. The nomogram demonstrated good accuracy in estimating the 

risk of overall stroke, ischemic stroke and hemorrhagic stroke ,with a 

bootstrap-corrected C-index of 0.75,0.77 and 0.81 respectively.The calibration plots 

for 6-year overall stroke-free, ischemic stroke-free and hemorrhagic stroke-free 

probability showed good agreement between the predicted possibility and the 

actual observation.These results indicated that the nomogram could accurately 

predict 6-year risk of overall stroke, ischemic stroke and hemorrhagic stroke among 

middle-aged and elderly Chinese population(Fig. 3,Fig. 4). 
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5. Discussion

We used data from the CHNS study, which is a nationally representative 

prospective cohort in nine provinces around China, enabling us to provide a general 

method to estimate the risk of stroke for middle-aged and elderly Chinese 

population.we created a practical nomogram based on age,gender,hypertension and 

LDL-C, to predict 6 year risk of overall stroke and ischemic stroke among middle-aged 

and elderly Chinese adults .Discrimination was supported by the C index values of 

0.75 and 0.77, respectively.In addition,among three different models we established, 

hemorrhagic stroke model incorporating 4 variables ( age, gender, hypertension and 

BMI)showed the best discrimination predictive ability (C -index =0.81). Calibration 

curves for 6-year overall ,ischemic and hemorrhagic stroke free probability 

demonstrating the good agreements between predicted and observed probability.

Hypertension is important and modifiable predictive risk factors for 

stroke[15][16].Results from INTERSTROKE study show that hypertension,using a 

definition : history of hypertension or blood pressure >160/90mm Hg, is highly 

important risk factor for stroke in developing countries and account for 35% of all 

stroke[17].Our result confirm the association between hypertension and risk of 

ischemic and hemorrhagic stroke and a more potent association for haemorrhagic 

stroke than for ischemic stroke.In China, the prevalence of hypertension rapidly 

increased in the past 30 years. However, awareness, treatment and control of 

hypertension declined or remained unchanged in China during 2000 to 2010 [4][18], 
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while they have increased significantly in the developed countries[19], these may 

affect the incidence of stroke. 

The association between cholesterol and stroke is complex,with an increased risk 

for ischemic stroke with elevated TC[20]-[22],and a decreased risk for hemorrhagic 

stroke with elevated TC[23][24]. However,our study provides different information 

about the relationship of cholesterol and stroke risk. For risk of overall stroke and 

ischaemic stroke , we recorded association with elevated LDL-C , but we did not 

record significant associations with TC and HDL-C. Further,our analysis indicated that 

BMI exerted the impact on the onset of hemorrhagic stroke. A notable correlation 

between BMI and hemorrhagic stroke has also been reported [25][26], although 

conflicting study exists [27][28]. In addition,most studies consistently show that 

diabetes is a significant predict factor for ischemic stroke[29][30], and the risk of 

hemorrhagic stroke in diabetic patients does not seem to increase, and may even 

decrease[31].In accordance with these result, our result indicated that diabetes 

seem to be an important risk factor for ischemic stroke ,whereas no statistical 

significiant association was observed.

A nomogram is a excellent visual tool that is convenient, easy to use, and 

effective prognoses,which can easily estimate the risk of stroke by adding the score 

of each predicting variable to predicted probability .In addition,early treatment can 

be given to patients at high risk of early stroke.In contrast,these at low risk of stroke 

patients can be managed expectantly to prevent the potential treatment . Therefore, 

patients and doctors can use the nomogram to assist the level 1 prevention of stroke 
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and provide key information to reduce the incidence and burden of diseases. 

Furthermore,Non-professionals can learn about the nomogram through the Internet , 

TV or newspaper in a short period of time, thereby improving their understanding of 

the risk factors of diseases.

Our study has several limitations. First, we only screen residents older older 

then 45 and younger then 80 years old from nine provinces of China. Therefore, our 

current results cannot be generalized to all populations in China.Second,the 

long-term,>6 years,incidence of stroke for these risk factors are unknown .In future 

studies, we project to prospective follow-up participants, gather data about 

mortality and incidence of stroke in participants. Finally, the nomogram has not been 

externally validate.However, we used a 1000 bootstrap resampling strategy for 

internal validation and the nomogram showed good performance in terms of  

calibration and discrimination for predicting risk of stroke in middle-aged and  

elderly Chinese person . 

6. Conclusion

In conclusion, we find that age,gender,hypertension and LDL-C were  

significant risk factors for overall and ischemic stroke,while age, gender, 

hypertension and BMI were stronger risk factors for hemorrhagic stroke in 

middle-aged and elderly Chinese adults .A nomogram that incorporates risk factors 

can be conveniently used to facilitate the individualized prediction of stroke. 
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legend

Fig. 1 Nomogram for predicting 6-year risk of overall stroke for 

middle-aged and elderly Chinese population.Measurement: Age(year) and 

LDL-C(mmol/L).The scores corresponding to each factor are listed on the 

"Points" axis. To estimate the 6-year probability of disease, calculate 

the sum of the scores of each factor and locate the sum on the "Total Points" 

axis, then read the probability on the "Predict probability" axis. 

Fig. 2 Nomogram for predicting 6-year risk of stroke for middle-aged and 

elderly Chinese population( A.Ischemic stroke, B.Hemorrhagic 

stroke).Measurement: Age(year), BMI(kg/m2)and LDL-C(mmol/L).The scores 

corresponding to each factor are listed on the "Points" axis. To estimate 

the 6-year probability of disease, calculate the sum of the scores of each 

factor and locate the sum on the "Total Points" axis, then read the  

probability on the "Predict probability" axis. 

Fig. 3 Calibration curves for the nomogram(overall stroke).

Fig. 4 Calibration curves for the nomogram(A.Ischemic stroke, B. 
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Hemorrhagic stroke).
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Fig. 1 Nomogram for predicting 6-year risk of overall stroke for middle-aged and elderly Chinese 
population.Measurement: Age(year) and LDL-C(mmol/L).The scores corresponding to each factor are listed 
on the "Points" axis. To estimate the 6-year probability of disease, calculate the sum of the scores of each 
factor and locate the sum on the "Total Points" axis, then read the probability on the "Predict probability" 

axis. 
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Caption : Fig. 2 Nomogram for predicting 6-year risk of stroke for middle-aged and elderly Chinese 
population( A.Ischemic stroke, B.Hemorrhagic stroke).Measurement: Age(year), BMI(kg/m2)and LDL-

C(mmol/L).The scores corresponding to each factor are listed on the "Points" axis. To estimate the 6-year 
probability of disease, calculate the sum of the scores of each factor and locate the sum on the "Total 

Points" axis, then read the probability on the "Predict probability" axis. 
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Fig. 3 Calibration curves for the nomogram(overall stroke). 

237x203mm (300 x 300 DPI) 

Page 27 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

 

Fig. 4 Calibration curves for the nomogram(A.Ischemic stroke, B. Hemorrhagic stroke). 
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Abstract

Objective To develop and internally validate a prediction model for 6-year risk 

of stroke and its primary subtypes in middle-aged and elderly Chinese population.

Design This is a retrospective cohort study from a prospectively collected 

database. 

Participants We included a total 3,124 adults aged 45-80 years free of stroke or 

myocardial infarction at baseline in the 2009-2015 cohort of China Health and 

Nutrition Survey (CHNS). 

    Primary and secondary outcome measures The outcome of the prediction 

model was stroke. Investigated predictors were: age, gender, body mass index(BMI), 

low-density lipoprotein cholesterol(LDL-C), high-density lipoprotein cholesterol 

(HDL-C), total cholesterol(TC), hypertension(HBP), drinking status, smoking status, 

diabetes, and site. Stepwise multiple Cox regression was applied to identify 

independent predictors. A nomogram was constructed to predict 6-year risk of stroke 

based on the multiple analysis results. Bootstraps with 1000 resamples were applied 

to both C-index and calibration curve.

Result The overall incidence of overall stroke was 2.98%. Age, gender, HBP, 

and TC were found as significant risk predictors for overall stroke; age, gender, HBP, 

and LDL-C were found as significant risk predictors for ischemic stroke; age, gender, 

HBP, BMI, and HDL-C were found as significant risk predictors for hemorrhagic 

stroke. The nomogram was constructed using significant variables included in the 
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Model, with a C-index of 0.74(95% CI: 0.72–0.76), 0.74(95% CI: 0.71–0.77), and 

0.81(95% CI: 0.78–0.84) for overall stroke, ischemic stroke, and hemorrhagic stroke 

model, respectively. The calibration curves demonstrated the good agreements 

between predicted and observed 6-year risk probability.

Conclusion Our nomogram could be convenient, easy to use, and effective 

prognoses for predicting 6-year risk of stroke in middle-aged and elderly Chinese 

population.

Key words Stroke, Risk factor, Epidemiology
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Strengths and limitations of this study 

This is the first study to develop a nomogram for predicting 6-year incidence rate of 

total stroke and its subtypes in a Chinese population.

Stepwise multiple regression and bootstrap internal validation were used to construct 

the models. 

The model performance was also assessed by imputing missing values using an 

imputational regression model.

Because of lacking long-term follow-up data, the long-term result was uncertain.

This study has a relatively high sample size when compared with previous studies on 

stroke. However, for the development of a prediction model, the sample size is 

relatively low, and therefore we had to conduct a strong variable selection and model 

validation procedure. 
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1. Introduction

Stroke is the leading cause of death and is a major cause of permanent disability 

worldwide[1][2]. In 1990-2010, the incidence of stroke had decreased by 12% in 

high-income countries, because of effective strategies for preventing cerebrovascular 

risk factors and good health services in developed countries. On the contrary, the 

age-adjusted incidence of stroke had significantly increased by 12% in low-income 

and middle-income countries[3]. In China, the world’s most populous country, the 

incidence of stroke increased by 8.3% among adults aged 40 years and older from 

2002 to 2013[4][5].

Therefore, stroke prevention is essential for enhancing public health and 

reducing social burden in countries with heavy stroke burdens such as China. A 

prediction model for actively assessing stroke risk is required to ensure targeted 

strategies for stroke prevention and management in high-risk groups.

Previous studies that develop the stroke risk prediction models were initially 

developed from the western populations[6][7][8], thus application of these models to 

the general Chinese population is still questionable. In addition, many stroke risk 

prediction models were only built for overall stroke[9][10][11]. However, there are 

some notable differences in risk factors between ischemic and hemorrhagic stroke[12]. 

Therefore, we developed a simple, convenient, and efficient model to predict the 

6-year risk of overall, ischemic and hemorrhagic stroke among middle-aged and 

elderly Chinese adults.
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2. Method 

2.1.Study design

The China Health and Nutrition Survey(CHNS) was conducted by the University 

of North Carolina at Chapel Hill and the National Institute for Nutrition and Health at 

the Chinese Center for Disease Control and Prevention in nine provinces 

(Heilongjiang, Liaoning, Shandong, Jiangsu, Henan, Hubei, Hunan, Guangxi, and 

Guizhou) to examine the status of economic, public resources, health and nutrition. A 

multistage, random cluster process was used to draw the samples in the Chinese 

population. The survey was an ongoing nationwide study that started in 1989 and 

subsequently conducted in 1991, 1993, 1997, 2000, 2004, 2006, 2009, 2011 and 2015. 

All participants provided written informed consent. Details about the study design are 

available elsewhere [13][14]. Baseline data collection included demographic 

information, medical history, standardized medical examination, laboratory tests, and 

anthropometric measurements.

2.2.Study population

For this study, data was drawn from the 2009-2015 CHNS cycles(n=12,178). 

After excluding participants who were younger than 45 years or older than 80 years at 

baseline (n = 6,148), persons who had a history of stroke or myocardial infarction(n = 

291), persons who lost to follow up(n = 1,770), and those without complete physical 

survey data or blood measure data at baseline(n = 845). As a result, 1,434 men and 
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1,690 women were available for analysis.

2.3.Data collection

History of diseases, individual activities, lifestyle, health status, marriage and 

birth history were acquired through an individual questionnaire. Adults and children 

received detailed physical examinations that include weight, height, arm and head 

circumference, mid-arm skinfold measurements, and blood pressure. Blood pressure 

was measured thrice by experienced physicians with the participant in the sitting 

position. The biomarker data collected in CHNS 2009 involves the release of 26 

fasting blood measures on individuals aged 7 and older. Frozen serum samples were 

sent to a national central lab in Beijing for measurement of serum lipid levels. 

2.4.Definitions 

Systolic blood pressure(SBP) and diastolic blood pressure(DBP) were defined as 

mean SBP and DBP of three test results. Hypertension(HBP) was defined as blood 

pressure > 160/90mmHg or taking antihypertensive drugs. Smoking status was 

classified into three categories as follows: never, smoker, ever smoker and current 

smoker; alcohol drinking status was divided into two groups: never drinker and ever 

or current drinker. Diabetes was identified by self reports of a history of diabetes 

diagnosis.

Incident stroke was defined by a doctor’s diagnosis or treatment history for 

stroke during the follow-up period (2009-2015). Cases were censored at the date of 

diagnosis of stroke or the final visit, whichever came first. 
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2.5.Statistical analysis

In this analysis, we included the following clinical candidate predictors: 

age(year), gender (male or female), body mass index(BMI, kg/m2), low-density 

lipoprotein cholesterol(LDL-C, mmol/L), high-density lipoprotein cholesterol(HDL-C, 

mmol/L), total cholesterol(TC, mmol/L), HBP(no or yes), drinking status(no or 

ever/current), smoking status (no, ever or current), diabetes(no or yes), and site(urban 

or rural). Results were presented as mean±standard deviation for continuous variables, 

and number (percentage) for categorical variables. To determine statistical 

significance, analysis of variance (ANOVA) and chi-square tests were used for 

continuous variables and categorical variables according to sex-specific groups.

Cox proportional hazards models were used to explore the relationship between 

baseline risk factors and stroke incidence. In addition, we also constructed the models 

with the outcomes of ischemic stroke and hemorrhagic stroke(unknown stroke 

participants were excluded). The proportional hazards assumption of the Cox models 

was examined using Schoenfeld residuals. The significance of each risk factor in the 

cohort was assessed by univariate cox regression analysis for investigating the 

independent variable of incident stroke. Risk factors associated with stroke at a 

significant level were further evaluated using multivariate Cox proportional hazards 

regression analysis by the stepwise selection method(P<0.1). The independent 

predictors related to incident stroke were used to build a nomogram. A score was 

assigned to each risk factor in the nomogram in order that total points could be easily 

calculated to estimate the probability of stroke. To assess the accuracy of the 
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nomogram, bootstraps with 1000 resamples were applied to both C-index and 

calibration curve. Moreover, we did stratified analyses to explore whether the 

association of risk factors with overall stroke varied across gender. We also assessed 

the models by imputing missing values using an imputational regression model (with 

the transcan function in R).

Internal validation is the process of determining internal validity. Bootstrap is an 

important internal verification method. Bootstrap samples are drawn with replacement 

from the original sample, reflecting the drawing of samples from an underlying 

population. Bootstrap samples are of the same size as the original sample. For 

bootstrap validation, a prediction model is developed in each bootstrap sample. This 

model is evaluated both in the bootstrap sample and in the original sample. The 

bootstrap is used to estimate the optimism: the decrease between performance in the 

bootstrap sample and performance in the original sample. This optimism is 

subsequently subtracted from the original estimate to obtain an optimism-corrected 

performance estimate[15][16]. 

We can use the bootstrap approach to any performance measure, including the 

C-index and calibration measures. The C-index is the most commonly used 

performance measure to depict the discriminative ability of generalized linear 

regression models. For a binary outcome, C-index is identical to the area under the 

receiver operating characteristic (ROC) curve. The ROC curve is a plot of the 

sensitivity (true positive rate) versus 1-specificity (false-positive rate) for continuous 

cutoffs for the probability of an outcome. The area under the curve can be interpreted 
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as the probability that a patient with the outcome is given a higher probability of the 

outcome by the model than a randomly chosen patient without the outcome[17]. 

Another important performance of a model is calibration: the consistency between 

observed results and predictions. For example, if we predict 70% probability of stroke 

event for a person, the observed frequency of stroke event should be 70 out of 100 

such persons. Calibration curves describe the calibration of each model in terms of the 

agreement between the predicted risks of stroke and observed frequency of stroke. 

The y-axis represents the actual stroke rate. The x-axis represents the predicted stroke 

risk. The gray line represents a perfect prediction by an ideal model. The red solid line 

represents the performance of the nomogram, of which a closer fit to the gray line 

indicates a better prediction. 

All statistical analyses were carried out using R software version 3.6.1 

(http://www.R-project.org). 
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3. Result

3.1.Baseline clinical characteristics of participants

The baseline clinical characteristics of the patients are listed in Table 1. During a 

mean follow-up of 5.89 years, 2.98%(93) participants developed firstever stroke 

events, including 37 ischemic strokes, 25 hemorrhagic strokes, and 31 unspecified 

stroke events.

Table 1 Baseline clinical characteristics of participants

GenderCharacteristics Total

Female Male P

Age(year) 58.80±8.64 58.83±8.72 58.75±8.54 0.880

Gender

female 1690(54.10%) NA NA

male 1434(45.90%) NA NA

BMI(kg/m2) 23.72±3.43 23.94±3.53 23.47±3.30 <.001

HBP 0.075

no 2283(73.08%) 1257(74.38%) 1026(71.55%)

yes 841(26.92%) 433(25.62%) 408(28.45%)

LDL-C(mmol/L) 3.14±1.00 3.24±0.98 3.02±1.01 <.001

HDL-C(mmol/L) 1.46±0.45 1.48±0.44 1.43±0.45 <.001

TC(mmol/L) 5.05±0.98 5.15±0.99 4.94±0.96 <.001

Smoking status <.001

no 2123(67.96%) 1628(96.33%) 495(34.52%)

ever 106(3.39%) 6(0.36%) 100(6.97%)

current 895(28.65%) 56(3.31%) 839(58.51%)

Drinking status <.001

no 2058(65.88%) 1535(90.83%) 523(36.47%)

ever/current 1066(34.12%) 155(9.17%) 911(63.53%)

Diabetes 0.009

no 2713(86.84%) 1475(87.28%) 1238(86.33%)

yes 411(13.16%) 215(12.72%) 196(13.67%)

Site 0.992

urban 906(29.00%) 490(28.99%) 416(29.01%)

rural 2218(71.00%) 1200(71.01%) 1018(70.99%)
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Stroke type 0.072

Ischemic stroke 37(39.78%) 15(37.50%) 22(41.51%)

Hemorrhagic stroke 25(26.88%) 7(17.50%) 18(33.96%)

Unknown 31(33.33%) 18(45.00%) 13(24.53%)

3.2.Multivariable analysis predicting stroke

Variables identified as predictors of incident stroke are listed in Table 2. 

Univariate analysis indicated that age, gender, BMI, HBP, LDL-C, HDL-C, TC, 

drinking status, smoking status, and diabetes were significant risk factors for all types 

of stroke. These predictor variables were included in the stepwise multiple Cox 

regression models. The proportional hazards assumption of the Cox models were 

examined for three prediction models (overall stroke, ischemic stroke and 

hemorrhagic stroke) using Schoenfeld residuals, which showed no significant 

departure from proportionality over time (p >0.05).

Table 3 displays the HR [95% confidence interval (CI)] for stroke in different 

subgroups. Stepwise multiple Cox regression analysis showed that age(for each 1 year 

increase,HR(95%CI)=1.07[1.04-1.09]), gender(for female vs male, 

HR(95%CI)=1.66[1.09-2.52]), HBP(for no vs yes, HR(95%CI)=2.63[1.73-3.98]) and 

TC(for each 1 mmol/L increase, HR(95%CI)=1.26[1.03-1.53]) were independent risk 

predictors for developing overall stroke, which were further used to build a 

nomogram. The significant risk factors for ischemic stroke were age(for each 1 year 

increase, HR(95%CI)=1.07[1.03-1.11]), gender (for female vs male, 

HR(95%CI)=1.85[0.96-3.58]), HBP(for no vs yes, HR(95%CI)=2.29[1.19-4.40]) and 
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LDL-C(for each 1 mmol/L increase, HR(95%CI)=1.27[1.07-1.51]). The significant 

risk factors for hemorrhagic stroke were age(for each 1 year increase, 

HR(95%CI)=1.08[1.03-1.13]), gender (for female vs 

male,HR(95%CI)=3.49[1.43-8.55]), HBP(for no vs yes,HR(95%CI)=2.72[1.18-6.27]), 

BMI(for each 1 kg/m2 increase, HR(95%CI)=1.13[1.02-1.25]) and HDL-C(for each 1 

mmol/L increase, HR(95%CI)=1.58[1.19-2.09]). 

In stratified analysis, HBP, elevated HDL-C level, ever smoking, and ever or 

current drinking were associated with an increased risk of overall stroke for females 

than for males. However, in sensitivity analyses using imputed dataset, HDL-C was 

not identified to be associated with overall stroke in different gender (Supplementary 

material 1, Fig .S1, Fig .S2). 
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Table 2 Univariate cox regression analysis of stroke incidence

Covariate Overall stroke Ischemic stroke Hemorrhagic stroke

HR(95%CI) P Value HR(95%CI) P Value HR(95%CI) P Value

Age(year) 1.08[1.05-1.10] <.001 1.08[1.04-1.12] <.001 1.08[1.04-1.13] <.001

Gender,female vs male 1.57[1.04-2.36] <.001 1.73[0.90-3.34] <.001 3.04[1.27-7.27] <.001

HBP,no vs yes 3.35[2.23-5.05] <.001 2.94[1.54-5.60] <.001 4.18[1.88-9.29] <.001

BMI(kg/m2) 1.05[0.99-1.11] <.001 1.03[0.94-1.12] <.001 1.13[1.02-1.25] <.001

LDL-C(mmol/L) 1.22[1.05-1.41] <.001 1.31[1.09-1.57] <.001 1.08[0.75-1.55] <.001

HDL-C(mmol/L) 1.24[0.90-1.71] <.001 1.14[0.62-2.09] <.001 1.54[1.12-2.13] <.001

TC(mmol/L) 1.28[1.06-1.56] <.001 1.47[1.09-1.97] <.001 1.12[0.76-1.65] <.001

Smoking status,no vs ever 2.74[1.31-5.72] <.001 2.48[0.75-8.22] <.001 2.76[0.63-12.07] <.001

Smoking status,no vs current 0.99[0.62-1.57] <.001 0.85[0.40-1.82] <.001 1.26[0.53-2.97] <.001

Drinking status,no vs ever/current 1.22[0.80-1.85] <.001 1.32[0.68-2.54] <.001 1.52[0.69-3.34] <.001

Diabetes,no vs yes 1.48[0.88-2.51] <.001 2.14[1.01-4.53] <.001 0.91[0.27-3.03] <.001

Site,urban vs rural 0.95[0.61-1.47] 0.804 0.85[0.43-1.69] 0.644 1.29[0.52-3.24] 0.584
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Table 3 Stepwise multiple cox regression analysis of stroke incidence(P<0.1)

Covariate Overall stroke Ischemic stroke Hemorrhagic stroke

HR(95%CI) P Value HR(95%CI) P Value HR(95%CI) P Value

Age(year) 1.07[1.04-1.09] <.001 1.07[1.03-1.11] <.001 1.08[1.03-1.13] <.001

Gender,female vs male 1.66[1.09-2.52] 0.018 1.85[0.96-3.58] 0.068 3.49[1.43-8.55] 0.006

HBP,no vs yes 2.63[1.73-3.98] <.001 2.29[1.19-4.40] 0.013 2.72[1.18-6.27] 0.019

BMI(kg/m2) NA NA NA NA 1.13[1.02-1.25] 0.021

LDL-C(mmol/L) NA NA 1.27[1.07-1.51] 0.006 NA NA

HDL-C(mmol/L) NA NA NA NA 1.58[1.19-2.09] 0.002

TC(mmol/L) 1.26[1.03-1.53] 0.024 NA NA NA NA
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3.3.Nomogram construction and validation 

These independently associated risk factors were used to construct an overall 

stroke, ischemic stroke and hemorrhagic stroke risk estimation nomogram (Fig. 1, Fig. 

2). Moreover, nomograms were also built using imputed dataset (Supplementary 

material 1, Fig. S3, Fig. S4). A score was assigned on the point scale for each subtype 

within these variables. By counting the total score and locating it on the total points 

scale, we could easily draw a straight line down to determine the estimated probability 

of stroke over 6 years.

The resulting model was internally validated using the bootstrap validation 

method. The nomogram demonstrated good accuracy in estimating the risk of overall 

stroke, ischemic stroke and hemorrhagic stroke, with an unadjusted C-index of 

0.74(95% CI: 0.72–0.76), 0.74(95% CI: 0.71–0.77) and 0.81(95% CI: 0.78–0.84), 

respectively; a bootstrap-corrected C-index of 0.73, 0.72 and 0.78 respectively. The 

calibration plots for 6-year overall stroke-free, ischemic stroke-free and hemorrhagic 

stroke-free probability showed good agreement between the predicted possibility and 

the actual observation(Fig. 3, Fig. 4). 

We also assessed the models by imputing missing values using an imputational 

regression model. Before data imputation, there were 3969 cases. HBP was missing in 

28 cases(0.7%); BMI was missing in 152 cases(3%); LDL-C was missing in 397 

(10%) cases; HDL-C was missing in 397 (10%) cases; TC was missing in 397 (10%) 

cases; smoking status was missing in 26 (0.7%) cases; drinking status was missing in 

27 (0.7%) cases; diabetes was missing in 19 (0.5%) cases. Finally, the missing values 
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were imputed using a single conditional imputation method (with the transcan 

function in R). Our findings remained robust with imputed data, with an unadjusted 

C-index of 0.73(95% CI: 0.70–0.76), 0.70(95% CI: 0.68–0.72), and 0.83(95% CI: 

0.81–0.85)for overall stroke, ischemic stroke and hemorrhagic stroke, respectively; a 

bootstrap-corrected C-index of 0.72, 0.68 and 0.81 for overall stroke, ischemic stroke 

and hemorrhagic stroke, respectively. Moreover, the calibration plots for 6-year 

overall stroke-free, ischemic stroke-free and hemorrhagic stroke-free probability 

showed good agreement between the predicted possibility and the actual observation 

(Supplementary material 1, Fig. S5, Fig. S6). These results indicated that the 

nomogram could accurately predict 6-year risk of overall stroke, ischemic stroke and 

hemorrhagic stroke in middle-aged and elderly Chinese population. 
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4. Discussion

We used data from the CHNS study, which is a nationally representative 

prospective cohort in nine provinces around China, enabling us to provide a general 

method to estimate the risk of stroke in middle-aged and elderly Chinese population. 

We created a practical nomogram based on age, gender, HBP, and TC to predict the 

risk of overall stroke; a nomogram based on age, gender, HBP, and LDL-C to predict 

the risk of ischemic stroke; a nomogram based on age, gender, HBP, BMI, and 

HDL-C to predict the risk of hemorrhagic stroke(Fig. 1, Fig. 2). Discrimination was 

supported by the unadjusted C-index of 0.74(95% CI: 0.72–0.76), 0.74(95% CI: 

0.71–0.77) and 0.81(95% CI: 0.78–0.84), respectively; bootstrap-corrected C-index of 

0.73,0.72 and 0.78 respectively. In addition, among the three different models we 

established, the hemorrhagic stroke model showed the best discrimination predictive 

ability (unadjusted C -index =0.81). Calibration curves for 6-year overall, ischemic 

and hemorrhagic stroke free probability demonstrating the good agreements between 

predicted and observed probability(Fig. 3, Fig. 4). In addition, the sensitivity analysis 

using imputed data did not change the results substantially (Supplementary material 1, 

Fig. S3, Fig. S4, Fig. S5, Fig. S6). 

Many stroke risk prediction models aiming to predict the risk of stroke have been 

developed previously, for example, the new FSRP[6], the QStroke[7], and others[8]. 

The new FSRP represented the current status of stroke predictors in the United States 

and France[6]; however, its performance among Chinese residents has not been 
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evaluated. In China, Wang et al[9] developed an age- and sex-specific lifetime risk 

chart of stroke including 6 risk factors (blood pressure, non-HDL-C, HDL-C, BMI, 

diabetes and smoking), which allowed for stratification of lifetime risk of stroke. In 

addition, Chien et al[11]developed a model from a community cohort of 3513 

Chinese participants aged ≥35 years old in Taiwan incorporating 6 risk factors 

including age, gender, BP, family history of stroke, atrial fibrillation, and diabetes 

(C-index of 0.77). However, these risk prediction models are only available for the 

total stroke risk. Rare stroke risk assessment tool is available for either ischemic 

stroke and hemorrhagic stroke in China. Therefore, compared with current existing 

models, we think that better understanding of the association of risk factor with 

subtype specific stroke and stroke model derived from the CHNS population would be 

more enlightening for stroke prevention among Chinese adults. 

HBP is an important and modifiable predictive risk factor for stroke[18][19]. 

Results from the INTERSTROKE study show that HBP, using a definition: history of 

HBP or blood pressure >160/90mm Hg, was a highly important risk factor for stroke 

in developing countries and accounts for 35% of all stroke[20]. Our result confirmed 

the association between HBP and risk of ischemic and hemorrhagic stroke, and a 

more potent association for hemorrhagic stroke than for ischemic stroke(Table 3). In 

China, the prevalence of HBP rapidly increased in the past 30 years. However, 

awareness, treatment and control of HBP declined or remained unchanged in China 

from 2000 to 2010 [4][21], while they had increased significantly in the developed 

countries[22], these may affect the incidence of stroke. 
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The association between cholesterol level and stroke is complex, with an 

increased risk for ischemic stroke with elevated TC[23][24][25], and a decreased risk 

for hemorrhagic stroke with elevated TC[26][27]. LDL-C showed positive 

associations with ischemic stroke, and no association with hemorrhagic stroke[23]. 

HDL-C showed positive associations with hemorrhagic stroke in a recent 

meta-analysis[28], but not by a recent retrospective cohort study[23]. In our 

study(Table 3), the association with the risk of overall stroke, ischaemic stroke and 

hemorrhagic stroke was positive for TC, LDL-C and HDL-C, respectively. Further, 

our analysis indicated that BMI exerted an impact on the onset of hemorrhagic stroke. 

A notable correlation between BMI and hemorrhagic stroke has also been 

reported[29][30], although conflicting studies exists [31][32]. Moreover, our result 

found that the risk of stroke was higher for ever smokers than for current smokers 

without adjustment for covariates(Table 2). However, our research lacked detailed 

data about quantity or intensity of smoking, and the proportion of heavy smokers 

among the ever smokers might be higher than current smokers in our cohort.

We also found that HBP, elevated HDL-C level, ever smoking, ever or current 

drinking were more strongly associated with overall stroke in females than for males. 

However, in sensitivity analysis with imputed data, HDL-C was not identified to be 

associated or showed only weak relationships with different gender(Supplementary 

material 1, Fig. S1, Fig. S2). These results were similar to a previous observational 

study[33].

A nomogram is an excellent visual tool that is convenient, easy to use, and 
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effective prognoses, which can easily estimate the risk of stroke by adding the score 

of each predicting variable to predicted probability. In addition, early treatment can be 

given to patients at high risk of early stroke. In contrast, these at low risk of stroke 

patients can be managed expectantly to prevent the potential treatment. Therefore, 

patients and doctors can use the nomogram to assist the level 1 prevention of stroke 

and provide key information to reduce the incidence and burden of diseases. 

Furthermore, non-professionals can learn about the nomogram through the Internet, 

TV or newspaper in a short period of time, thereby improving their understanding of 

the risk factors of diseases. 

Our study has several limitations. First, for the development of a prediction 

model, the sample size is relatively low. The prediction of risk factors for stroke in 

China still requires more data to improve the prediction model. Second, the long-term, 

>6 years, incidence of stroke for these risk factors are unknown. In future studies, we 

project to prospective follow-up participants, gather data about mortality and 

incidence of stroke in participants. Finally, the nomogram has not been externally 

validated. However, we used a 1000 bootstrap resampling strategy for internal 

validation and the nomogram showed good performance in terms of calibration and 

discrimination for predicting risk of stroke in middle-aged and elderly Chinese 

population. 
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5. Conclusion

In summary, the nomogram here developed can be conveniently used to facilitate 

the individualized prediction of 6-year risk of stroke in middle-aged and elderly 

Chinese population. 
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Legend

Fig. 1 Nomogram for predicting 6-year risk of overall stroke for middle-aged and 

elderly Chinese population.

Measurement: Age(year), BMI(kg/m2), LDL-C(mmol/L), HDL-C(mmol/L) and 

TC(mmol/L). The scores corresponding to each factor are listed on the "Points" axis. 

To estimate the 6-year probability of disease, calculate the sum of the scores of each 

factor and locate the sum on the "Total Points" axis, then read the probability on the 

"Predict probability" axis.

Fig. 2 Nomogram for predicting 6-year risk of stroke for middle-aged and elderly 

Chinese population( A. ischemic stroke, B. hemorrhagic stroke).

Measurement: Age(year), BMI(kg/m2), LDL-C(mmol/L), HDL-C(mmol/L) and 

TC(mmol/L). The scores corresponding to each factor are listed on the "Points" axis. 

To estimate the 6-year probability of disease, calculate the sum of the scores of each 

factor and locate the sum on the "Total Points" axis, then read the probability on the 

"Predict probability" axis. 

Fig. 3 Calibration curves for the nomogram(overall stroke).

Nomogram-predicted probability and observed frequency over 6 years for stroke 

among participants were plotted in the x- and y-axis, respectively. The gray line 
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indicates the ideal plot for the calibration curve, where the nomogram predicted 

probabilities perfectly match the observed probabilities in all subgroups.

Fig. 4 Calibration curves for the nomogram(A. Ischemic stroke, B. Hemorrhagic 

stroke).

Nomogram-predicted probability and observed frequency over 6 years for stroke 

among participants were plotted in the x- and y-axis, respectively. The gray line 

indicates the ideal plot for the calibration curve, where the nomogram predicted 

probabilities perfectly match the observed probabilities in all subgroups.

Fig. S1 Multivariate cox regression analysis of overall stroke incidence, by sex

Measurement: Age(year), BMI(kg/m2), LDL-C(mmol/L), HDL-C(mmol/L) and 

TC(mmol/L).

Fig. S2 Multivariate cox regression analysis of overall stroke incidence using imputed 

dataset, by sex

Measurement: Age(year), BMI(kg/m2), LDL-C(mmol/L), HDL-C(mmol/L) and 

TC(mmol/L).

Fig. S3 Nomogram for predicting 6-year risk of overall stroke for middle-aged and 

elderly Chinese population using imputed dataset.

Measurement: Age(year), BMI(kg/m2), LDL-C(mmol/L), HDL-C(mmol/L) and 
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TC(mmol/L). The scores corresponding to each factor are listed on the "Points" axis. 

To estimate the 6-year probability of disease, calculate the sum of the scores of each 

factor and locate the sum on the "Total Points" axis, then read the probability on the 

"Predict probability" axis.

Fig. S4 Nomogram for predicting 6-year risk of stroke for middle-aged and elderly 

Chinese population using imputed dataset( A.ischemic stroke, B.hemorrhagic stroke).

Measurement: Age(year), BMI(kg/m2), LDL-C(mmol/L), HDL-C(mmol/L) and 

TC(mmol/L). The scores corresponding to each factor are listed on the "Points" axis. 

To estimate the 6-year probability of disease, calculate the sum of the scores of each 

factor and locate the sum on the "Total Points" axis, then read the probability on the 

"Predict probability" axis.

Fig. S5 Calibration curves for the nomogram using imputed dataset(overall stroke).

Nomogram-predicted probability and observed frequency over 6 years for stroke 

among participants were plotted in the x- and y-axis, respectively. The gray line 

indicates the ideal plot for the calibration curve, where the nomogram predicted 

probabilities perfectly match the observed probabilities in all subgroups.

Fig. S6 Calibration curves for the nomogram using imputed dataset(A.ischemic stroke, 

B. hemorrhagic stroke).

Nomogram-predicted probability and observed frequency over 6 years for stroke 
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among participants were plotted in the x- and y-axis, respectively. The gray line 

indicates the ideal plot for the calibration curve, where the nomogram predicted 

probabilities perfectly match the observed probabilities in all subgroups.
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Fig. 1 Nomogram for predicting 6-year risk of overall stroke for middle-aged and elderly Chinese 
population. 

Measurement: Age(year), BMI(kg/m2), LDL-C(mmol/L), HDL-C(mmol/L) and TC(mmol/L). The scores 
corresponding to each factor are listed on the "Points" axis. To estimate the 6-year probability of disease, 
calculate the sum of the scores of each factor and locate the sum on the "Total Points" axis, then read the 

probability on the "Predict probability" axis. 
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Fig. 2 Nomogram for predicting 6-year risk of stroke for middle-aged and elderly Chinese population( A. 
ischemic stroke, B. hemorrhagic stroke). 

Measurement: Age(year), BMI(kg/m2), LDL-C(mmol/L), HDL-C(mmol/L) and TC(mmol/L). The scores 
corresponding to each factor are listed on the "Points" axis. To estimate the 6-year probability of disease, 
calculate the sum of the scores of each factor and locate the sum on the "Total Points" axis, then read the 

probability on the "Predict probability" axis. 
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Fig. 3 Calibration curves for the nomogram(overall stroke). 
Nomogram-predicted probability and observed frequency over 6 years for stroke among participants were 
plotted in the x- and y-axis, respectively. The gray line indicates the ideal plot for the calibration curve, 
where the nomogram predicted probabilities perfectly match the observed probabilities in all subgroups. 
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Fig. 4 Calibration curves for the nomogram(A. Ischemic stroke, B. Hemorrhagic stroke). 
Nomogram-predicted probability and observed frequency over 6 years for stroke among participants were 
plotted in the x- and y-axis, respectively. The gray line indicates the ideal plot for the calibration curve, 
where the nomogram predicted probabilities perfectly match the observed probabilities in all subgroups. 
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Fig. S1 Multivariate cox regression analysis of overall stroke incidence, by sex.

Measurement: Age(year), BMI(kg/m2), LDL-C(mmol/L), HDL-C(mmol/L) and TC(mmol/L).

Fig. S2 Multivariate cox regression analysis of overall stroke incidence using imputed dataset,
by sex.

Measurement: Age(year), BMI(kg/m2), LDL-C(mmol/L), HDL-C(mmol/L) and TC(mmol/L).
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Fig. S3 Nomogram for predicting 6-year risk of overall stroke for middle-aged and elderly
Chinese population using imputed dataset.

Measurement: Age(year), BMI(kg/m2), LDL-C(mmol/L), HDL-C(mmol/L) and TC(mmol/L). The
scores corresponding to each factor are listed on the "Points" axis. To estimate the 6-year
probability of disease, calculate the sum of the scores of each factor and locate the sum on the
"Total Points" axis, then read the probability on the "Predict probability" axis.
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Fig. S4 Nomogram for predicting 6-year risk of stroke for middle-aged and elderly Chinese
population using imputed dataset( A.ischemic stroke, B.hemorrhagic stroke).

Measurement: Age(year), BMI(kg/m2), LDL-C(mmol/L), HDL-C(mmol/L) and TC(mmol/L). The
scores corresponding to each factor are listed on the "Points" axis. To estimate the 6-year
probability of disease, calculate the sum of the scores of each factor and locate the sum on the
"Total Points" axis, then read the probability on the "Predict probability" axis.
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Fig. S5 Calibration curves for the nomogram using imputed dataset(overall stroke).

Nomogram-predicted probability and observed frequency over 6 years for stroke among
participants were plotted in the x- and y-axis, respectively. The gray line indicates the ideal plot
for the calibration curve, where the nomogram predicted probabilities perfectly match the
observed probabilities in all subgroups.
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Fig. S6 Calibration curves for the nomogram using imputed dataset(A.ischemic stroke, B.
hemorrhagic stroke).

Nomogram-predicted probability and observed frequency over 6 years for stroke among
participants were plotted in the x- and y-axis, respectively. The gray line indicates the ideal plot
for the calibration curve, where the nomogram predicted probabilities perfectly match the
observed probabilities in all subgroups.
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TRIPOD Checklist: Prediction Model Development and Validation

Page numbers in the submitted manuscript are provided. For items that are only partly
relevant at this time, page numbers are provided in parentheses and for items that are not
relevant at this time a “-“ has been written.

Item Checklist Item Page
Title and abstract

Title 1 D;V Identify the study as developing and/or validating a multivariable prediction model, the
target population, and the outcome to be predicted.

1

Abstract 2 D;V Provide a summary of objectives, study design, setting, participants, sample size,
predictors, outcome, statistical analysis, results, and conclusions.

2

Introduction

Background
and
objectives

3a D;V
Explain the medical context (including whether diagnostic or prognostic) and rationale
for developing or validating the multivariable prediction model, including references to
existing models.

5

3b D;V Specify the objectives, including whether the study describes the development or
validation of the model or both.

5

Methods

Source of
data

4a D;V Describe the study design or source of data (e.g., randomized trial, cohort, or registry
data), separately for the development and validation data sets, if applicable.

6

4b D;V Specify the key study dates, including start of accrual; end of accrual; and, if applicable,
end of follow-up.

6

Participants

5a D;V Specify key elements of the study setting (e.g., primary care, secondary care, general
population) including number and location of centres.

6

5b D;V Describe eligibility criteria for participants. 6

5c D;V Give details of treatments received, if relevant. -

Outcome
6a D;V Clearly define the outcome that is predicted by the prediction model, including how and

when assessed.
7

6b D;V Report any actions to blind assessment of the outcome to be predicted. -

Predictors
7a D;V Clearly define all predictors used in developing or validating the multivariable prediction

model, including how and when they were measured.
7

7b D;V Report any actions to blind assessment of predictors for the outcome and other
predictors.

-

Sample
size 8 D;V Explain how the study size was arrived at. 6

Missing
data 9 D;V Describe how missing data were handled (e.g., complete-case analysis, single

imputation, multiple imputation) with details of any imputation method.
9

Statistical
analysis
methods

10a D Describe how predictors were handled in the analyses. 7

10b D Specify type of model, all model-building procedures (including any predictor selection),
and method for internal validation.

8

10c V For validation, describe how the predictions were calculated. 8

10d D;V Specify all measures used to assess model performance and, if relevant, to compare
multiple models.

9

10e V Describe any model updating (e.g., recalibration) arising from the validation, if done. -

Risk groups 11 D;V Provide details on how risk groups were created, if done. -

Developme
nt vs.
validation

12 V For validation, identify any differences from the development data in setting, eligibility
criteria, outcome, and predictors.

-

Results

Participants

13a D;V
Describe the flow of participants through the study, including the number of participants
with and without the outcome and, if applicable, a summary of the follow-up time. A
diagram may be helpful.

11

13b D;V
Describe the characteristics of the participants (basic demographics, clinical features,
available predictors), including the number of participants with missing data for
predictors and outcome.

11

13c V For validation, show a comparison with the development data of the distribution of
important variables (demographics, predictors and outcome).

-

Model
developme 14a D Specify the number of participants and outcome events in each analysis. 11
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TRIPOD Checklist: Prediction Model Development and Validation

nt
14b D If done, report the unadjusted association between each candidate predictor and

outcome.
12

Model
specificatio
n

15a D Present the full prediction model to allow predictions for individuals (i.e., all regression
coefficients, and model intercept or baseline survival at a given time point).

12

15b D Explain how to the use the prediction model. 16

Model
performanc
e

16 D;V Report performance measures (with CIs) for the prediction model. 16

Model-
updating 17 V If done, report the results from any model updating (i.e., model specification, model

performance).
-

Discussion

Limitations 18 D;V Discuss any limitations of the study (such as nonrepresentative sample, few events per
predictor, missing data).

21

Interpretatio
n

19a V For validation, discuss the results with reference to performance in the development
data, and any other validation data.

-

19b D;V Give an overall interpretation of the results, considering objectives, limitations, results
from similar studies, and other relevant evidence.

18

Implications 20 D;V Discuss the potential clinical use of the model and implications for future research. 21

Other information

Supplement
ary
information

21 D;V Provide information about the availability of supplementary resources, such as study
protocol, Web calculator, and data sets.

16

Funding
22 D;V Give the source of funding and the role of the funders for the present study. -

*Items relevant only to the development of a prediction model are denoted by D, items relating solely to a validation of a prediction model are
denoted by V, and items relating to both are denoted D;V. We recommend using the TRIPOD Checklist in conjunction with the TRIPOD
Explanation and Elaboration document.
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