
1Yu Q, et al. BMJ Open 2021;11:e048734. doi:10.1136/bmjopen-2021-048734

Open access 

Development and internal validation of a 
multivariable prediction model for 6- year 
risk of stroke: a cohort study in middle- 
aged and elderly Chinese population

Qi Yu    ,1 Yuanzhe Wu,1 Qingdong Jin,2 Yanqing Chen,1 Qingying Lin,1 Xinru Liu1

To cite: Yu Q, Wu Y, Jin Q, 
et al.  Development and internal 
validation of a multivariable 
prediction model for 6- year 
risk of stroke: a cohort study 
in middle- aged and elderly 
Chinese population. BMJ Open 
2021;11:e048734. doi:10.1136/
bmjopen-2021-048734

 ► Prepublication history and 
additional supplemental material 
for this paper are available 
online. To view these files, 
please visit the journal online. 
To view these files, please visit 
the journal online (http:// dx. doi. 
org/ 10. 1136/ bmjopen- 2021- 
048734).

Received 08 January 2021
Accepted 10 June 2021

1Department of Scientific 
Research and Education, The 
First Hospital of Putian, Putian, 
Fujian, China
2Department of Neurosurgery, 
The First Hospital of Putian, 
Putian, Fujian, China

Correspondence to
Qi Yu;  madyuqi@ 126. com

Original research

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

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 3124 adults aged 45–80 
years, free of stroke or myocardial infarction at baseline 
in the 2009–2015 cohort of China Health and Nutrition 
Survey.
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 ischaemic 
stroke; age, gender, HBP, BMI and HDL- C were found as 
significant risk predictors for haemorrhagic stroke. The 
nomogram was constructed using significant variables 
included in the model, with a C- index of 0.74 (95% CI: 
0.72 to 0.76), 0.74 (95% CI: 0.71 to 0.77), and 0.81 (95% 
CI: 0.78 to 0.84) for overall stroke, ischaemic stroke, and 
haemorrhagic 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.

INTRODUCTION
Stroke is the leading cause of death and is a 
major cause of permanent disability world-
wide.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 preven-
tion 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 appli-
cation of these models to the general Chinese 
population is still questionable. In addition, 
many stroke risk prediction models were only 
built for overall stroke.9–11 However, there 

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 im-
puting missing values using an imputational regres-
sion 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 sam-
ple size is relatively low, and therefore we had to 
conduct a strong variable selection and model vali-
dation procedure.
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are some notable differences in risk factors between isch-
aemic and haemorrhagic stroke.12 Therefore, we devel-
oped a simple, convenient, and efficient model to predict 
the 6- year risk of overall, ischaemic and haemorrhagic 
stroke among middle- aged and elderly Chinese adults.

METHOD
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 economic status, 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, standardised medical examination, laboratory 
tests and anthropometric measurements.

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=6148); persons who had a history of stroke 
or myocardial infarction (n=291); persons who lost to 
follow- up (n=1770); and those without complete physical 
survey data or blood measure data at baseline (n=845). 
As a result, 1434 men and 1690 women were available for 
analysis.

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 involve the release of 26 fasting 
blood measures on individuals aged 7 years and older. 
Frozen serum samples were sent to a national central lab 
in Beijing for measurement of serum lipid levels.

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 pres-
sure >160/90 mm Hg 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 identi-
fied 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 diag-
nosis of stroke or the final visit, whichever came first.

Statistical analysis
In this analysis, we included the following clinical candi-
date predictors: age (year), gender (male or female), 
body mass index (BMI, kg/m2), low- density lipoprotein 
cholesterol (LDL- C, mmol/L), high- density lipopro-
tein 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±SD for continuous variables, 
and number (percentage) for categorical variables. To 
determine statistical significance, analysis of variance 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 ischaemic stroke and haemorrhagic 
stroke (participants who had an unknown stroke 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 investi-
gating 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 
so 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. 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. Boot-
strap samples are of the same size as the original sample. 
For bootstrap validation, a prediction model is devel-
oped 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 
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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 generalised 
linear regression models. For a binary outcome, C- index 
is identical to the area under the receiver operating char-
acteristic (ROC) curve. The ROC curve is a plot of the 
sensitivity (true- positive rate) versus 1- specificity (false- 
positive rate) for continuous cut- offs for the probability of 
an outcome. The area under the curve can be interpreted 
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 grey line represents a perfect predic-
tion by an ideal model. The red solid line represents the 
performance of the nomogram, of which a closer fit to 
the grey line indicates a better prediction.

All statistical analyses were carried out using R software 
V.3.6.1 (http://www. R- project. org).

RESULT
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 first ever stroke events, 
including 37 ischaemic strokes, 25 haemorrhagic strokes 
and 31 unspecified stroke events.

Multivariable analysis predicting stroke
Variables identified as predictors of incident stroke are 
listed in table 2. Significant risk factors in univariate anal-
ysis (P<0.2) were included in the stepwise multiple Cox 
regression models. The proportional hazards assumption 
of the Cox models was examined for three prediction 
models (overall stroke, ischaemic stroke and haemor-
rhagic stroke) using Schoenfeld residuals, which showed 
no significant departure from proportionality over time 
(p>0.05).

Table 3 displays the HR (95% 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 to 1.09)), gender (for female vs 
male, HR (95% CI)=1.66 (1.09 to 2.52)), HBP (for no vs 
yes, HR (95% CI)=2.63 (1.73 to 3.98)) and TC (for each 

1 mmol/L increase, HR (95% CI)=1.26 (1.03 to 1.53)) 
were independent risk predictors for developing overall 
stroke, which were further used to build a nomogram. 
The significant risk factors for ischaemic stroke were age 
(for each 1- year increase, HR (95% CI)=1.07 (1.03 to 
1.11)), gender (for female vs male, HR (95% CI)=1.85 
(0.96 to 3.58)), HBP (for no vs yes, HR (95% CI)=2.29 
(1.19 to 4.40)) and LDL- C (for each 1 mmol/L increase, 
HR (95% CI)=1.27 (1.07 to 1.51)). The significant risk 
factors for haemorrhagic stroke were age (for each 1- year 
increase, HR (95% CI)=1.08 (1.03 to 1.13)), gender (for 
female vs male, HR (95% CI)=3.49 (1.43 to 8.55)), HBP 
(for no vs yes, HR (95% CI)=2.72 (1.18 to 6.27)), BMI 
(for each 1 kg/m2 increase, HR (95% CI)=1.13 (1.02 
to 1.25)) and HDL- C (for each 1 mmol/L increase, HR 
(95% CI)=1.58 (1.19 to 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 women than 
for men. However, in sensitivity analyses using imputed 
dataset, HDL- C was not identified to be associated with 
overall stroke in different gender (online supplemental 
material 1, Figures S1 and S2).

Nomogram construction and validation
These independently associated risk factors were used to 
construct an overall stroke, ischaemic stroke and haem-
orrhagic stroke risk estimation nomogram (figures 1 and 
2). Moreover, nomograms were also built using imputed 
dataset (online supplemental material 1, Figures S3 and 
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 demon-
strated good accuracy in estimating the risk of overall 
stroke, ischaemic stroke and haemorrhagic stroke, with 
an unadjusted C- index of 0.74 (95% CI: 0.72 to 0.76), 
0.74 (95% CI: 0.71 to 0.77) and 0.81 (95% CI: 0.78 to 
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, ischaemic stroke- free and haemor-
rhagic stroke- free probability showed good agreement 
between the predicted possibility and the actual observa-
tion (figures 3 and 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 were imputed 
using a single conditional imputation method (with the 
transcan function in R). Our findings remained robust 
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with imputed data, with an unadjusted C- index of 0.73 
(95% CI: 0.70 to 0.76), 0.70 (95% CI: 0.68 to 0.72), and 
0.83 (95% CI: 0.81 to 0.85) for overall stroke, ischaemic 
stroke and haemorrhagic stroke, respectively; a bootstrap- 
corrected C- index of 0.72, 0.68 and 0.81 for overall stroke, 
ischaemic stroke and haemorrhagic stroke, respectively. 
Moreover, the calibration plots for 6- year overall stroke- 
free, ischaemic stroke- free and haemorrhagic stroke- 
free probability showed good agreement between the 
predicted possibility and the actual observation (online 
supplemental material 1, Figures S5 and S6). These 
results indicated that the nomogram could accurately 
predict 6- year risk of overall stroke, ischaemic stroke and 
haemorrhagic stroke in middle- aged and elderly Chinese 
population.

DISCUSSION
We used data from the CHNS Study, which is a nation-
ally representative prospective cohort in nine prov-
inces 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 prac-
tical 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 isch-
aemic stroke; a nomogram based on age, gender, HBP, 
BMI and HDL- C to predict the risk of haemorrhagic 
stroke (figures 1 and 2). Discrimination was supported 
by the unadjusted C- index of 0.74 (95% CI: 0.72 to 0.76), 
0.74 (95% CI: 0.71 to 0.77) and 0.81 (95% CI: 0.78 to 
0.84), respectively; bootstrap- corrected C- index of 0.73, 

Table 1 Baseline clinical characteristics of participants

Characteristics Total

Gender

Female Male P value

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 <0.001

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 <0.001

HDL- C (mmol/L) 1.46±0.45 1.48±0.44 1.43±0.45 <0.001

TC (mmol/L) 5.05±0.98 5.15±0.99 4.94±0.96 <0.001

Smoking status <0.001

  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 <0.001

  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%)

Stroke type 0.072

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

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

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

BMI, body mass index; HBP, hypertension; HDL- C, high- density lipoprotein cholesterol; LDL- C, low- density lipoprotein cholesterol; NA, not 
applicable; TC, total cholesterol.
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0.72 and 0.78, respectively. In addition, among the three 
different models we established, the haemorrhagic stroke 
model showed the best discrimination predictive ability 
(unadjusted C- index=0.81). Calibration curves for 6- year 
overall, ischaemic and haemorrhagic stroke- free prob-
ability demonstrated the good agreements between 
predicted and observed probability (figures 3 and 4). In 
addition, the sensitivity analysis using imputed data did 
not change the results substantially (online supplemental 
material 1, Figures S3–S6).

Many stroke risk prediction models aiming to predict 
the risk of stroke have been developed previously, for 
example, the new FSRP,6 the QStroke7 and others.8 The 
new FSRP represented the current status of stroke predic-
tors in the USA and France6 ; however, its performance 

among Chinese residents has not been evaluated. In 
China, Wang et al9 developed an age- specific and sex- 
specific lifetime risk chart of stroke including six 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 al11 devel-
oped a model from a community cohort of 3513 Chinese 
participants aged ≥35 years old in Taiwan incorporating 
six 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 ischaemic stroke and haemorrhagic 
stroke in China. Therefore, compared with current 
existing models, we think that better understanding of 

Table 2 Univariate Cox regression analysis of stroke incidence

Covariate Overall stroke Ischaemic stroke Haemorrhagic stroke

  HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age(year) 1.08 (1.05 to 1.10) <.001 1.08 (1.04 to 1.12) <.001 1.08 (1.04 to 1.13) 0.001

Gender, female versus 
male

1.57 (1.04 to 2.36) 0.032 1.73 (0.90 to 3.34] 0.101 3.04 (1.27 to 7.27) 0.013

HBP, no versus yes 3.35 (2.23 to 5.05) <.001 2.94 (1.54 to 5.60) 0.001 4.18 (1.88 to 9.29) <.001

BMI (kg/m2) 1.05 (0.99 to 1.11) 0.075 1.03 (0.94 to 1.12) 0.589 1.13 (1.02 to 1.25) 0.022

LDL- C (mmol/L) 1.22 (1.05 to 1.41) 0.009 1.31 (1.09 to 1.57] 0.003 1.08 (0.75 to 1.55) 0.679

HDL- C (mmol/L) 1.24 (0.90 to 1.71) 0.187 1.14 (0.62 to 2.09) 0.672 1.54 (1.12 to 2.13) 0.008

TC (mmol/L) 1.28 (1.06 to 1.56) 0.011 1.47 (1.09 to 1.97) 0.010 1.12 (0.76 to 1.65) 0.572

Smoking status, no 
versus ever

2.74 (1.31 to 5.72) 0.007 2.48 (0.75 to 8.22) 0.137 2.76 (0.63 to 
12.07)

0.178

Smoking status, no 
versus current

0.99 (0.62 to 1.57) 0.950 0.85 (0.40 to 1.82) 0.679 1.26 (0.53 to 2.97) 0.596

Drinking status, no 
versus ever/current

1.22 (0.80 to 1.85) 0.350 1.32 (0.68 to 2.54) 0.413 1.52 (0.69 to 3.34) 0.302

Diabetes, no versus yes 1.48 (0.88 to 2.51) 0.141 2.14 (1.01 to 4.53) 0.048 0.91 (0.27 to 3.03) 0.873

Site, urban versus rural 0.95 (0.61 to 1.47) 0.804 0.85 (0.43 to 1.69) 0.644 1.29 (0.52 to 3.24) 0.584

BMI, body mass index; HBP, hypertension; HDL- C, high- density lipoprotein cholesterol; LDL- C, low- density lipoprotein cholesterol; TC, total 
cholesterol.

Table 3 Stepwise multiple Cox regression analysis of stroke incidence (p<0.1)

Covariate Overall stroke Ischaemic stroke Haemorrhagic stroke

  HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age (year) 1.07 (1.04 to 1.09) <0.001 1.07 (1.03 to 1.11) <0.001 1.08 (1.03 to 1.13) <0.001

Gender, female versus 
male

1.66 (1.09 to 2.52) 0.018 1.85 (0.96 to 3.58) 0.068 3.49 (1.43 to 8.55) 0.006

HBP, no versus yes 2.63 (1.73 to 3.98) <0.001 2.29 (1.19 to 4.40) 0.013 2.72 (1.18 to 6.27) 0.019

BMI (kg/m2) NA NA NA NA 1.13 (1.02 to 1.25) 0.021

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

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

TC (mmol/L) 1.26 (1.03 to 1.53) 0.024 NA NA NA NA

BMI, body mass index; HBP, hypertension; HDL- C, high- density lipoprotein cholesterol; LDL- C, low- density lipoprotein cholesterol; NA, not 
applicable; TC, total cholesterol.
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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 >160/90 mm Hg, was a highly 

Figure 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. BMI, body mass 
index; HBP, hypertension; HDL- C, high- density lipoprotein cholesterol; LDL- C, low- density lipoprotein cholesterol; TC, total 
cholesterol.

Figure 2 Nomogram for predicting 6- year risk of stroke for middle- aged and elderly Chinese population: (A) ischaemic stroke, 
(B) haemorrhagic 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. BMI, body mass index; HBP, hypertension; HDL- C, high- density lipoprotein cholesterol; LDL- C, low- density lipoprotein 
cholesterol; TC, total cholesterol.
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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 ischaemic and 
haemorrhagic stroke, and a more potent association for 
haemorrhagic stroke than for ischaemic 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 thus these may affect the inci-
dence of stroke.

The association between cholesterol level and stroke 
is complex, with an increased risk of ischaemic stroke 
with elevated TC,23–25 and a decreased risk of haem-
orrhagic stroke with elevated TC.26 27 LDL- C showed 
positive associations with ischaemic stroke, and no asso-
ciation with haemorrhagic stroke.23 HDL- C showed posi-
tive associations with haemorrhagic 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 haemorrhagic 
stroke was positive for TC, LDL- C and HDL- C, respec-
tively. Further, our analysis indicated that BMI exerted an 
impact on the onset of haemorrhagic stroke. A notable 
correlation between BMI and haemorrhagic stroke has 
also been reported,29 30 although conflicting studies 
exist.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, and ever or current drinking were more strongly 
associated with overall stroke in women than for men. 
However, in sensitivity analysis with imputed data, HDL- C 
was not identified to be associated or showed only weak 
relationships with different gender (online supplemental 
material 1, Figures S1 and S2). These results were similar 
to a previous observational study.33

A nomogram is an excellent visual tool that is conve-
nient, 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 addi-
tion, early treatment can be given to patients at high risk 

Figure 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- axis and y- axis, respectively. The grey line 
indicates the ideal plot for the calibration curve, where 
the nomogram predicted probabilities perfectly match the 
observed probabilities in all subgroups.

Figure 4 Calibration curves for the nomogram ((A) ischaemic stroke, (B) haemorrhagic stroke). Nomogram- predicted 
probability and observed frequency over 6 years for stroke among participants were plotted in the x- axis and y- axis, 
respectively. The grey 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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of early stroke. In contrast, those patients at low risk of 
stroke can be managed expectantly to prevent the poten-
tial 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 develop-
ment 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 is unknown. In future studies, we project 
to prospectively 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.

CONCLUSION
In summary, the nomogram developed here can be conve-
niently used to facilitate the individualised prediction of 
6- year risk of stroke in middle- aged and elderly Chinese 
population.
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