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Background: The value of identifying and targeting population demographics at high risk 
of stroke based on patient-reported outcomes (PROs) with electronic health records (EHRs) 
in Shanghai is largely undiscovered.
Aim: To test the hypothesis that establishing an evidence-based support system composed of 
PROs integrated with EHRs could be effective at identifying individuals at high risk of 
suffering from stroke.
Methods: The patients included in this study joined the hypertensive patient management 
system from 2014 to 2018. We merged the Hypertension Patients Management Database and 
the Diabetes Mellitus Patients Management Database of Shanghai Jiading district, then kept 
the hypertension patients with or without diabetes. We subsequently performed a screen 
analysis utilizing EHRs to target the population with any risk factor for stroke, namely, 
hypertension, diabetes mellitus, obesity, smoking and physical inactivity. We also calculated 
the distribution of each risk factor and the combinations of risk factors.
Results: In the Jiading District of Shanghai, 46,580 hypertensive patients with complete 
baseline information joined the hypertensive patient management system from 2014 to 2018. 
The majority of the patients were aged above 60 years old. Physical inactivity (83.24%), 
smoking (24.07%), diabetes (16.87%), and obesity (12.23%) were highly prevalent in 
hypertensive participants. Approximately 4377 patients were diagnosed with hypertension 
exclusively, accounting for 9.70% of the total number of patients in this study. Meanwhile, 
approximately 52.47% of the patients were diagnosed with two concurrent risk factors, and 
38.13% of the patients had hypertension, meaning that 17,762 patients could be labeled as 
the high-risk population for stroke according to the criteria established by the National 
Stroke Screening Survey.
Conclusion: Our exploratory findings demonstrate the feasibility of pinpointing and target
ing populations at high risk of stroke using the EHRs of hypertensive patients.
Keywords: hypertension, electronic health records, EHRs, stroke risk factors

Background
With over 2 million new cases annually, stroke is associated with the highest disability- 
adjusted life years lost of any disease in China.1 The prevalence of stroke is expected to 
increase even further as a result of population aging, an ongoing high prevalence of risk 
factors (such as hypertension), and inadequate medical management.1 Stroke is 
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the second-leading cause of death worldwide and the leading 
cause of death in China.2,3 Up to 80% of strokes can be 
prevented through healthy lifestyle changes and proper man
agement of health conditions that raise the risk of stroke.4

From 2013 to 2014, the National Project Office of 
Stroke Prevention and Control organized a screening sur
vey of 633,859 residents aged above 40 years old across 
31 Chinese provinces.1 Following a random cluster sam
pling framework, structured questionnaires were used to 
collect information on risk factors, medical history, treat
ments received, and sociodemographic characteristics, 
administered by community health workers trained by 
national and provincial specialists.5 Hypertension, dyslipi
daemia, diabetes, obesity, physical inactivity, smoking, and 
atrial fibrillation are the most common and modifiable risk 
factors for stroke in China.6,7

In China, the traditional way of identifying demographics 
at high risk of stroke is using questionnaires to gather infor
mation from certain population groups, and the sample size 
can vary in different research settings.1,8,9 Usually, a large- 
scale survey requires a substantial amount of time and man
power. We are currently living in a fast-changing world of 
information and communications technology. A patient- 
reported outcome (PRO) is a measurement of any aspect of 
a patient’s health status that comes directly from the 
patient.10 PROs are used for risk factors identification of 
some diseases, such as metabolic syndrome,11 cardiac 
disease,12 hip impairment,13 mental distress,14 systemic 
sclerosis.15 As a result of the continuous creation of electro
nic health record databases, local EHRs data including PROs 
can now allow researchers to capture, aggregate, access, and 
analyse more data than ever before, including new and mis
cellaneous sources of data, such as data on hypertension, 
diabetes, overweight or obesity.

Being extensively used in western countries, EHRs 
have also been adopted by most hospitals in China, espe
cially tertiary hospitals.16,17 The nationwide survey shows 
that China’s health informatization is rapidly growing. 
However, the potential of converged data is still far from 
being fully exploited and many more data applications are 
still under development, with low data quality and lack of 
uploading detailed clinical information in some 
systems.16,18 Despite these limitations, real-world evi
dence-based stroke prevention should still be given more 
attention. A regional model of screening a high-risk stroke 
population supported by an EHR database in China is 
needed, which would help to investigate the distribution 
of stroke risk factors, identify more populations at high 

risk of stroke, and develop a public health action plan for 
stroke prevention.

Jiading is a suburban district located in the northwest 
region of Shanghai. Back in 2018, it had a population of 
639.3 thousand people, with 33.47% of the population 
aged above 59 years old.19 Hypertension, diabetes melli
tus, smoking, obesity, and physical inactivity are investi
gated in the Stroke Prevention and Control Project in 
China as stroke risk factors. Additionally, hypertension is 
a particularly important risk factor for haemorrhagic 
stroke, although it contributes to atherosclerotic disease, 
which can lead to ischaemic stroke as well.20 Thus, we 
conducted an exploratory study of stroke risk factors ana
lysis based on the hypertensive patient management sys
tem in Jiading, which aimed to estimate the distribution of 
the major risk factors for stroke prior to a formal survey or 
door-to-door investigation. Using electronic health records 
may enable to perform comprehensive data analysis and 
provide customized recommendations for the primary pre
vention of stroke.

Methods
Database Source
Two databases including information on topics such as 
hypertension, diabetes, smoking, physical activity, height, 
and weight were selected for analysis in this study: the 
Hypertension Patients Management Database and the 
Diabetes Mellitus Patients Management Database. Both 
databases cover the Shanghai Jiading District household 
registration population only. The Hypertension Patients 
Management Database documents clinical information on 
hypertensive patients’ height, weight, smoking history, 
alcohol consumption, physical activity, systolic blood 
pressure, diastolic blood pressure and medications. 
Whereas the Diabetes Mellitus Patients Management 
Database is used to record information on the type of 
diabetes mellitus, systolic blood pressure, diastolic blood 
pressure and fasting blood sugar value.

Patient Enrollment
The registry recruited patients in Jiading District from 
2014 to 2018 who met the following criteria:

● Older than 40 years old.
● A diagnosis of hypertension with or without diabetes.
● Shanghai Jiading District household registration 

population.
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Exclusion Criteria
● Died before 2019.
● A past history of stroke.
● Lack of baseline data.

Data Extraction
We used a standardized data collection form (available on 
request). All patients from the Hypertension Patients 
Management Database had a confirmed diagnosis of 
hypertension, and all patients from the Diabetes Mellitus 
Patients Management Database were diagnosed with dia
betes mellitus. After merging these two databases into 
a data source, we retained the hypertensive patients with 
or without diabetes for analysis. We extracted the identity 
card number and information on sex, age, height, weight, 
smoking, alcohol consumption, physical activity, and dia
betes. Only the data from patients aged 40 years old or 
more were processed. The patients joined the hypertensive 
patient management system from 2014 to 2018.

Data Synthesis and Analysis
In this article, the analyses focused on characterizing five 
risk factors for stroke, namely, hypertension, diabetes, 
obesity, smoking and physical inactivity. We followed the 
China National Stroke Screening Survey’s standard criteria 
for hypertension, diabetes, obesity, and smoking.21 RF1: 
Hypertension, defined as a history of high blood pressure 
(≥140/90 mmHg) reported by the participant or a diagnosis 
of hypertension made by physicians from a tier 2 hospital 
or above. RF2: Diabetes mellitus defined by previous 
diagnosis, or a fasting plasma glucose level ≥7.0mmol/L 
or a random blood glucose level≥11.0mmol/L. RF3: 
Obesity, characterized by the body mass index (BMI), 
calculated as the patient’s weight in kilograms divided by 
the square of the patient’s height in metres. Based on the 
WHO’s definition of obesity, obesity is defined as a BMI 
≥30kg/m2, overweight is considered as a BMI of 25–30kg/ 
m2.22 According to China’s standards on weight manage
ment for overweight or obese people, the BMI was cate
gorized into four groups in our study: Underweight (BMI 
<18.5kg/m2), normal weight (18.5 kg/m2≤ BMI <24kg/ 
m2), overweight (24 kg/m2≤ BMI <28 kg/m2), and obesity 
(BMI ≥28kg/m2).23 RF4: Smoking, defined as smoking 
any tobacco product continuously or cumulatively for 
more than 6 months during the patient’s lifetime. RF5: 
Regarding physical inactivity, we considered exercising 
on a daily basis as physical activity, and the other 

categories were classified as physical inactivity. 
Proportions were used for categorical variables, and con
tinuous variables were expressed in the form of mean±SD 
(Standard deviation).

Statistical methods
Descriptive statistics were calculated for all variables. 
Continuous data were presented as mean±SD and com
pared using the Student’s t-test. Categorical variables were 
displayed as frequencies and percentages and analysed 
using chi-square (χ2) tests. A two-tailed p < 0.05 was 
considered statistically significant. All analyses were con
ducted using the Stata 13.0 software.

Results
In this exploratory study, we selected two databases for 
research. We initially screened 49,516 people included into 
the hypertensive patient management system from 2014 to 
2018, out of which 2936 individuals were eliminated 
based on our inclusion and exclusion criteria. The detailed 
patient recruitment flow chart is illustrated in Figure 1. 
Overall, this study enrolled a total of 46,580 patients with 
at least one risk factor for stroke who had complete base
line information.

An introduction of the database is summarized in Table 1; 
on an annual basis from 2014 to 2018, 10, 595, 20,077, 
12,876, and 3032 patients were entered into the system, 
respectively. A detailed description of the participants’ fol
low-up duration is presented in Figure 2 for hypertensive 
patients.

Patient demographic characteristics are listed in Table 2. 
The proportion of males was 48.43%, while 51.57% of 
these patients were females. The majority of the patients 
(79.12%) were older than 60 years old. The mean age was 
67.82 years old. Approximately half of the patients 
(42.49%) had normal BMIs. Compared with women, men 
had a higher BMI (24.69 vs 24.48kg/m2), smoking rate 
(48.90% vs 0.76%), alcohol consumption rate (46.44% vs 
2.07%), SBP (130.60 vs 130.07 mm Hg), and DBP (79.69 
vs 79.04 mm Hg) (all p<0.05).

Table 3 shows the variation of risk factors with respect 
to gender and age. Compared with men, women were 
more likely to have obesity (p < 0.05), diabetes and phy
sical inactivity. However, no significant gender differences 
were detected for diabetes or physical inactivity (p > 0.05). 
Men were far more likely to consume alcohol and smoke 
than women (p < 0.05). The rate of diabetes among 
hypertensive patients aged 70–79 years old was higher 

Dovepress                                                                                                                                                             Yang et al

Risk Management and Healthcare Policy 2020:13                                                                        submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
1783

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


than that among patients in other age groups. Moreover, 
the prevalence of smoking, obesity and physical inactivity 
among hypertensive patients aged 40–49 years old was 
higher than that among patients in other age groups. The 
proportion of patients with diabetes, smoking, obesity and 
physical inactivity differed among age groups (all p<0.05).

Approximately 9.40% of patients had hypertension only. 
Compared with women, men were less likely to have only 
one risk factor (7.03% vs 11.62%) and two risk factors 
(38.59% vs 65.51%) for stroke; nonetheless, men had 
a higher rate of carrying three risk factors (42.67% vs 
20.06%), four risk factors (10.58% vs 2.79%), and five 
risk factors (1.13% vs 0.01%) (Figure 3). The risk factors 
distribution between males and females was different, pos
sibly due to the fact that only a few women smoked.

For men, most patients fell within the category of 
hypertension + smoking + physical inactivity (31.35%), 
followed by hypertension + physical inactivity (31.19%) 
and hypertension only (7.03%). For women, were mostly 
identified within the category of hypertension + physical 
inactivity (61.08%), followed by hypertension only 

(11.62%) and hypertension + diabetes + physical inactivity 
(11.06%) (Figure 4).

Discussion
Main Findings
Our study highlighted the astonishing occurrence rate of 
several modifiable stroke risk factors in hypertensive 
patients via EHRs in Shanghai based on a large contem
porary population. The increasing burden of stroke has 
become a serious public health issue and an enormous 
economic burden in Shanghai. Consequently, strategies 
focusing on data analysis should be emphasized in the 
available health monitoring data area before the qualified 
primary prevention of stroke is addressed.

The data contained in EHRs could be used for recogni
tion of risk factors, developing and validating 
a cardiovascular risk score, predicting stroke events and 
assisting physicians to provide prevention measures for 
patients or individuals at high risk. For example, a stroke 
phenotype risk factor was extracted from the Veteran 
Health Administration clinical reports.24 The cardiovascu
lar health (CVH) score within electronic health records 
was used to generate visualizations in a study; a CVH 
score comprised information on the smoking status, body 
mass index, blood pressure, cholesterol, fasting glucose, 
physical activity, and diet, and aimed to improve health- 
care providers’ practice by rendering these personalized 
EHR data available at the point-of-care for prevention 
discussions with patients.25 Similarly, a model with an 
outcome of myocardial infarction, stroke or CVD death 

Figure 1 Flowchart of inclusion data in the present study.

Table 1 Number of Hypertension Patients Newly Entered into 
the Present EHR Database Annually

Gender 2014 2015 2016 2017 2018

Male 5180 9809 5972 1597 22,558

Female 5415 10,268 6904 1435 24,022

Total 10,595 20,077 12,876 3032 46,580
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within 2 years was developed in The New Zealand (NZ) 
PREDICT CVD Cohort Study.26

Hypertension has been documented as the most impor
tant risk factor for stroke in China.27 For that reason, in 

our study design, all of the subjects had a confirmed 
diagnosis of hypertension. The second-most common risk 
factor in our study population was physical inactivity; the 
rate of physical inactivity was quite high because the 

Table 2 Patient Demographic Characteristics

Characteristic Overall Male Female t p value

Participant, n (%) 46,580 22,558 (48.43) 24,022 (51.57)

Age (year) 67.82±10.59 66.80±10.52 68.78±10.58 −20.191 0.000

Age group, n (%) 0.000

40–49 1811 (3.89) 1185 (5.25) 626 (2.61)

50–59 7916 (16.99) 4111 (18.22) 3805 (15.84)
60–69 18,132 (38.93) 8846 (39.21) 9286 (38.66)

70–79 11,516 (24.72) 5530 (24.51) 5986 (24.92)

≥80 7205 (15.47) 2886 (12.79) 4319 (17.98)

BMI (kg/m2) 24.58±3.13 24.69±2.92 24.48±3.31 7.200 0.000

BMI group, n (%) 0.000

Underweight <18.5 kg/m2 766 (1.64) 281 (1.25) 485 (2.02)

Normal weight 18.5~23.9 kg/m2 19,791 (42.49) 9153 (40.58) 10,638 (44.28)
Overweight 24~27.9 kg/m2 20,324 (43.63) 10,533 (46.69) 9791 (40.76)

Obesity ≥28 kg/m2 5699 (12.23) 2591 (11.49) 3108 (12.94)

Smoking, n (%) 11,212 (24.07) 11,031 (48.9) 181 (0.76) 0.000
Alcohol consumption, n (%) 10,974 (23.56) 10,476 (46.44) 498 (2.07) 0.000

Blood pressure (mm Hg)
SBP 130.33±9.45 130.60±9.44 130.07±9.44 5.997 0.000

DBP 79.35±6.24 79.69±6.31 79.04±6.16 11.252 0.000

Notes: P-values resulted from two independent samples from the t-test and chi-square test for continuous and categorical variables, respectively. Values were expressed as 
the mean (SD) and frequency (percentage) for continuous and categorical variables, respectively.

Figure 2 Number of hypertensive patients in the present EHR database by years of follow-up.
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categories of physical activity from the original data were 
exercising everyday, exercising one or more days per 
week, exercising once per month, and not exercising. 

The definition of physical inactivity from the China 
National Stroke Screening Survey was less than 3 times 
of physical activity for 30 minutes per week. Thus, the rate 
of physical inactivity may have been overestimated in our 
study. One large study revealed a 50.01% survival among 
stroke patients with physical inactivity.28

Concerning the analysis based on gender, this study 
found that women were more likely to have diabetes and 
obesity than men. Similar results were found in a study of 
stroke patients aged 60 years old or above in northern 
China11 and in another study of stroke patients aged 75 
years old or above in China.29 In this study, alcohol abuse 
and smoking were more common among males, which is 
consistent with several previous findings.11,30

We also found that the risk factors among hypertension 
patients varied by age. A higher proportion of hyperten
sion patients aged 70–79 years old had concurrent diabetes 
mellitus. The rates of smoking, obesity and physical inac
tivity among hypertensive patients aged 40–49 years old 
were higher than the rates in other age groups, but the 
number of patients aged 40–49 years old was lower. This 
could be attributed to an uneven age group distribution in 
Shanghai Jiading District. Another possible explanation is 
that compared with their parents’ generation, patients aged 
40–49 years old may lead completely different lifestyles 
with more energy intake and less physical activity, thus 
increasing their probability of carrying risk factors for 
obesity.

The China National Stroke Screening Survey defined 
people with a high risk of stroke as those with transient 
ischemic attack (TIA), stroke, or three risk factors (RFs: 
hypertension, atrial fibrillation or valvular heart disease, 

Table 3 Four Risk Factors of Stroke in Hypertensive Patients in the Present Study

Diabetes (%) Smoking (%) Obesity (%) Physical Inactivity (%)

Total 7856 (16.87) 11,212 (24.07) 5699 (12.23) 38,772 (83.24)

Gender

Male 3788 (16.79) 11,031 (48.9) 2591 (11.49) 18,728 (83.02)
Female 4068 (16.93) 181 (0.75) 3108 (12.94) 20,044 (83.44)

p 0.682 0.000 0.000 0.227

Age group

40–49 136 (7.51) 685 (37.82) 303 (16.73) 1618 (89.34)
50–59 1050 (13.26) 2685 (33.92) 1070 (13.52) 6799 (85.89)

60–69 3191 (17.6) 4908 (27.07) 2313 (12.76) 14,780 (81.51)

70–79 2347 (20.38) 2205 (19.15) 1362 (11.83) 9307 (80.82)
≥80 1132 (15.71) 729 (10.12) 651 (9.04) 6268 (87.00)

p 0.000 0.000 0.000 0.000

Notes: P-values resulted from the chi-square test for categorical variables. Values are presented as frequency (percentage) for categorical variables.

Figure 3 (A) Percentage of number of risk factors distribution in male patients. 
(B) Percentage of number of risk factors distribution in female patients.
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smoking, dyslipidaemia, diabetes, physical inactivity, obe
sity, family history of stroke).21

In our research, targeting hypertensive patients who did 
or did not smoke and who had or did not have diabetes, 
physical inactivity, and obesity was rather simple. We 
noticed a high rate of those risk factors in hypertension 
populations in the present study, and poor management of 
these risk factors may be conducive to the high prevalence 
of stroke. Compared with other traditional population- 
based surveys,1,9 this study provides a comprehensive 
and accurate estimation of the rate of risk factors with 
a more representative population. The primary prevention 
and management of related risk factors based on insights 
from EHR data might be of tremendous importance.

Limitations
Several potential limitations of this study should be noted. 
First, none of the two databases included all the patients with 
hypertension or diabetes in Jiading District, which implies 
that the number of people at high risk of stroke in our study 
might be underestimated. Second, the structural database was 
designed before the China National Stroke Screening Survey 
2016 was initiated, and information on the history of TIA, 
atrial fibrillation or valvular heart disease, dyslipidaemia, 
family history of stroke was not included or was inconsistent 
with the survey details. Third, we considered exercising six 

days per week or less as physical inactivity, meanwhile the 
definition of physical inactivity from the China National 
Stroke Screening Survey was physical activity performed 
less than 3 times a week for 30 minutes. Hence, we may 
have overestimated the rate of physical inactivity.

Conclusions
We hereby provided a large population and accurate estima
tion of the current prevalence rate of stroke risk factors in 
Shanghai’s Jiading District hypertensive patients. Patients 
with three or more risk factors accounted for 38.13% of the 
sample, which means that 17,762 patients could be identified 
as the high-risk population for stroke according to the criteria 
established by the National Stroke Screening Survey. These 
patients may be the source of great economic and social 
burdens. Furthermore, the considerable rate of stroke risk 
factors we detected was likely related to the poor management 
of pre-existing conditions and unhealthy lifestyle choices, 
particularly smoking and physical inactivity. Therefore, stra
tegies of long-term data mining from EHRs could contribute 
to the primary prevention of stroke in Shanghai.

Data Sharing Statement
The datasets used and/or analyzed during the current study are 
available from the corresponding author on reasonable 
request.

Figure 4 Combinations of stroke risk factors in the present study.
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