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Introduction

Ischemic stroke, which is also referred to as brain or 
cerebral ischemia, affects more people in China than any 
other type of stroke (1). Globally, stroke accounts for the 
highest proportion of all neurological diseases (47.3%) and 
the highest proportion of deaths (67.3%) (2). Risk factors 

of stroke include hypertension, diabetes, hyperlipidemia, 
smoking, alcoholism and so on (3). Hypertension is the 
most important risk factor for stroke (4). High plasma 
homocysteine (Hcy) is also an important risk factor for 
stroke. For patients with stroke combined high Hcy levels, 
the risk of stroke is at least 12 times higher than those with 
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normal Hcy levels (5). When patients with hypertension 
are complicated with high Hcy, it is called H-type 
hypertension. The Chinese guidelines for the management 
of hypertension (2018 revision) (6) have listed H-type (with 
Hcy ≥10 μmol/L) hypertension as a critical risk factor for 
stroke.

Therefore, the recurrence risk of stroke patients with 
H-type hypertension is higher than that of patients with 
simple stroke, which is worthy of attention. Lack of 
studies to discuss whether the health behaviors of H-type 
hypertension patients with stroke were different from that 
of normal Hcy patients. The occurrence and recurrence 
of stroke can be prevented by adopting a healthy lifestyle 
and controlling risk factors (4,7). However, the lifestyle 
behaviors of stroke patients are still inferior (8). A study 
found that the health behavior of Chinese patients with 
hypertension and stroke was at a lower level, especially in 
the dimension of exercise (9).

Risk perception refers to an individual’s awareness of 
the risk factors associated with their disease. Proper risk 
perception helps to increase the risk awareness of patients 
and supports them to actively control the relevant risk 
factor(s) (10). However, stroke patients in China generally 
have a low level of knowledge regarding the risk factors for 
stroke (11), and few studies have described stroke patients’ 
perceptions of the risk factors of their disease.

Studies have shown that proper risk perception was 
accompanied by good lifestyle. However, there is a lack of 
studies to explore the relationship between patients' lifestyle 
and risk perception at different Hcy levels. In this study, 
we investigated and explored the relationship between risk 
perception and lifestyle in ischemic stroke patients with 
H-type hypertension, so as to provide reference for tailored 
stroke prevention interventions. We present the following 
article in accordance with the STROBE reporting checklist 
(available at http://dx.doi.org/10.21037/apm-20-2012).

Methods

Subjects

From Sept. 2018 to Sept. 2019, the convenience sampling 
method was used to enroll newly admitted patients from 
the neurology departments of three large-scale general 
hospitals in Guangzhou. A total of 314 stroke patients were 
enrolled, and 71 patients in normal Hcy group, 243 patients 
in high Hcy group. The inclusion criteria were as follows: (I) 
diagnosed by a specialist as ischemic stroke and confirmed 
by brain computed tomography (CT) or magnetic resonance 

imaging (MRI); (II) complicated by essential hypertension; 
(III) ischemic stroke occurred within the past month; and 
(IV) the patient could take care of themselves before disease 
onset. The exclusion criteria were: (I) aphasia; and (II) with 
heart, liver and kidney dysfunction, respiratory failure, 
malignant tumor, and/or mental illness.

Blood sampling and laboratory tests

Three mL of plasma were drawn by venipuncture into 5-mL 
plain evacuated tubes when the patient is fasting in the 
early morning. Blood samples were collected and analyzed 
within 1 h. The concentration of Hcy was determined by 
chemiluminescence. According to Chinese guidelines for 
the management of hypertension (2018 revision) (6), Hcy 
≥10 μmol/L were considered high Hcy.

Measurements

General data survey forms
A self-designed questionnaire was used to collect patient 
information including sex, age, educational background, 
family history of stroke, whether or not it was their first-
ever stroke, accompanying stroke risk factors, and serum 
Hcy level. According to the Hcy level, the patients were 
divided into the high Hcy group (Hcy ≥10 μmol/L) and the 
normal Hcy group.

Essen stroke risk score (ESRS)
The ESRS is used to predict the risk of stroke recurrence 
after an initial episode of ischemic stroke (3). The ESRA 
takes eight risk factors into account including age, 
hypertension, diabetes, previous myocardial infarction 
(MI), other cardiovascular disease (except MI and atrial 
fibrillation), peripheral arterial disease, smoking, and 
previous transient ischemic attack (TIA), and has a total 
score of 9 points. Accordingly, patients are classified as 
having low [0–2], intermediate [3–6], or high [7–9] risk. 
Our investigators scored the patients according to their 
responses on the questionnaire form.

Questionnaire on knowledge of stroke risk factors
The Questionnaire on Knowledge of Stroke Risk Factors, 
which was developed by Wan et al. (12), was used to 
measure patients’ perceptions of stroke risk factors. In 
addition to the risk factors assessed by the ESRS, this 
questionnaire also covered factors including hyperlipidemia, 
obesity, alcoholism, and family history of stroke. Risk 
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perception was self-reported by patients according to 
questionnaire questions. The patients were asked, “Which 
of the following factors increase the risk of stroke?” 
Multiple questions were given, each containing a different 
risk factor, and might answer “Yes”, “Uncertain”, or “No”. 
A correct answer scored 1 point and a wrong answer scored 
0 points. If a patient had an accompanying risk factor and 
correctly answered that it was a stroke risk factor, then the 
patient’s risk factor was judged to be “perceived”; otherwise, 
it was regarded as “unperceived”. The following formulas 
were applied:

Perception rate of a risk factor = the number of patients 
who have perceived the risk factor/the total number of 
patients with the risk factor ×100%.

Awareness rate of a risk factor: the number of patients 
who correctly identified the risk factor/the number of 
subjects (including patients with/without this risk factor) 
×100%. The scale had a Cronbach’s α coefficient of  
0.86 (12). In the current study, the Cronbach’s α coefficient 
was 0.82.

Health behavior scale for stroke patients
Patients’ lifestyle behaviors were assessed using the health 
behavior scale for stroke patients, which was adapted by 
Wan et al. This scale has seven dimensions [i.e., exercise, 
nutrition (including low-fat diet and low-sugar diet), low-
salt diet, smoking cessation, alcohol restriction, medication, 
and blood pressure monitoring] and 25 items. The health 
behavior scale applies the Likert scale (rated as 1= never, 2= 
sometimes, 3= usually, and 4= always), with a higher score 
indicating a better lifestyle. The scale had a Cronbach’s α 
coefficient of 0.88 (12). In the current study, the Cronbach’s 
α coefficient was 0.83.

Ethical consideration
All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). This study was approved by 
the ethical committee of the Third Affiliated Hospital of 
Sun Yat-sen University [approval number: EC-TAHSYU 
(2018)02-421-01]. Signed informed consent was obtained 
from each participant after they had been given a brief 
explanation of the purpose of this study.

Data collection

Newly admitted patients completed a questionnaire-
based survey before they received their health education. 

The objectives and methods of the survey were explained 
to the patients by trained staff. Then, the participants 
completed the questionnaire forms on the spot, which were 
collected immediately. All of the 340 questionnaires that 
were distributed were recovered. Among them, 314 forms 
(92.4%) included the results of Hcy measurement.

Statistical analysis

Statistical analysis was performed using the SPSS 25.0 
software package. Statistical analysis methods included 
descriptive analysis, chi-square test, and t-test. Descriptive 
analysis was used to describe general information, ESRS 
factors, perception rate of risk factors and HBS-SP score. 
Chi-square test was used to compare general information, 
risk factors and perception rate of risk factors between 
normal Hcy group and high Hcy group. T-test was used 
to compare HBS-SP score between normal Hcy group 
and high Hcy group, as well as HBS-SP score between 
perceived group and non-perceived group.

Results

General information and risk factors for recurrence in 
ischemic stroke patients with H-type hypertension

In total, 314 ischemic stroke patients were found to have 
hypertension. As shown in Table 1, patients in the high Hcy 
group had significantly higher ESRS scores (3–6 points) 
than patients in the normal Hcy group, and were more 
likely to be older, to smoke, and to have alcoholism (all 
P<0.05).

Perception rate of risk factors for recurrence in ischemic 
stroke patients with H-type hypertension

As shown in Table 2, the perception rates of existing risk 
factors among patients in the high Hcy group ranged from 
63.6–90.5%, which showed no statistically significant 
difference from those in the normal Hcy group.

Lifestyles in ischemic stroke patients with H-type 
hypertension

Table 3 shows that the total lifestyle score of ischemic stroke 
patients with H-type hypertension was (2.54±0.42) points 
(range, 1–4 points), with the exercise dimension having the 
lowest score. The high Hcy group had inferior scores for 
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Table 1 General information and risk factors for recurrence in ischemic stroke patients with H-type hypertension

Items
Normal Hcy group (n=71) High Hcy group (n=243)

χ2 P
n % n %

General information

Gender 37.355 <0.001

Males 27 38.0 186 76.5

Females 44 62.0 57 23.5

Education background 1.300 0.861

Primary school or lower 15 21.1 50 20.58

Middle school 24 33.8 72 29.63

High school 19 26.8 65 26.75

College or higher 13 18.3 56 23.04

First-ever stroke 2.591 0.107

No 16 22.54 79 32.5

Yes 55 77.46 164 67.5

Blood pressure at admission (mmHg) 3.947 0.047

≥140/90 47 66.2 189 77.8

<140/90 24 33.8 54 22.2

ESRS factors

ESRS total score 14.640 <0.001

1–2 49 69.0 105 43.2

3–6 22 31.0 138 56.8

Age (years) 8.186 0.017

<65 52 73.24 133 54.7

65–75 16 22.53 84 34.6

>75 3 4.23 26 10.7

Hypertension – –

Yes 71 100.0 243 100.0

Diabetes 0.137 0.711

No 49 69.0 162 66.7

Yes 22 31.0 81 33.3

Other cardiovascular diseasesa 0.012 0.913

No 61 85.9 210 86.4

Yes 10 14.1 33 13.6

Peripheral arterial diseasesb 0.882 1.000

No 71 100.0 240 98.8

Yes 0 0.0 3 1.2

Table 1 (continued)
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smoking cessation and alcohol restriction compared to the 
normal Hcy group (both P<0.05).

Relationship between risk perception and lifestyle in 
ischemic stroke patients with H-type hypertension

In the high Hcy group (Table 4), the perceived group had 
a better lifestyle compared to the non-perceived group; 
however, the only significant difference between the 
groups was found in blood pressure monitoring compliance 
(P<0.05). Among smokers, the overall lifestyle behaviors 
of the non-perceived group were superior to those of the 
perceived group (P<0.05); however, no statistical differences 
were observed between groups with regard to the other 
dimensions.

Discussion

Risk factors for recurrence in ischemic stroke patients with 
H-type hypertension

In our current study, the high Hcy group had a significantly 
higher proportion of patients with a high-risk ESRS score 
than the normal Hcy group. Possible explanations for 
this may be that the incidence of modifiable risk factors 
for stroke is increasing with China’s rising socioeconomic 
status. Hypertension is the leading cause of stroke (4), and 
in China, 75% of hypertensive patients are accompanied 
by high homocysteine (HHcy) levels (13). Synergistically, 
hypertension and high Hcy increase the risk of stroke 12-
fold (5,14). A cohort study found when Hcy levels increased 
to 10 to 15 μmol/L, the risk of stroke and hypertension was 

Table 1 (continued)

Items
Normal Hcy group (n=71) High Hcy group (n=243)

χ2 P
n % n %

Smoking 6.817 0.009

No 57 80.3 155 63.8

Yes 14 19.7 88 36.2

Previous cerebral infarction or transient 
ischemic attack

0.137 0.711

No 49 69.0 162 66.7

Yes 22 31.0 81 33.3

Other factors

Hyperlipidemia 0.007 0.932

No 49 69.0 169 69.5

Yes 22 31.0 74 30.5

Overweight or obesity 0.042 0.838

No 30 42.25 106 43.6

Yes 41 57.75 137 56.4

Alcoholism 6.438 0.011

No 63 88.7 181 74.5

Yes 8 11.3 62 25.5

Family history of stroke 0.818 0.366

No 42 59.2 158 65.0

Yes 29 40.8 85 35.0
a
, other cardiovascular diseases (excluding myocardial infarction and atrial fibrillation); 

b
, peripheral arterial diseases (e.g., intermittent 

claudication caused by thromboembolic vasculitis or diabetic vascular disease). Hcy, homocysteine.
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significantly increased (15). The results of an 18-month 
follow-up study showed that the rate of stroke recurrence 
in patients with high levels of Hcy was 21%, while the 
recurrence of stroke in the normal Hcy group was only 
6.8% (16). Furthermore, possible explanations for Hcy 
increase may be that the elevated plasma Hcy level is related 
to (I) excessive methionine intake; (II) dietary folic acid, 
vitamin B6, or B12 deficiency; and/or (III) genetic factors. 

Compared with those in Western countries, Chinese 
populations tend to stir-fry vegetables and eat fewer fruits 
and vegetables, which can easily lead to folic acid deficiency 
and cause high levels of Hcy in the plasma (17). Moreover, 
dyslipidemia, smoking, and alcohol consumption can also 
increase the concentration of plasma Hcy (17).

In our current study, 77.4% of ischemic stroke patients 
with hypertension had a high Hcy level, which was close 

Table 4 Relationship between risk perceptions and lifestyles in ischemic stroke patients with H-type hypertension (n=243)

Risk factors Lifestyles Perceived group Non-perceived group t P

Hypertension (non-
perceived n=23, perceived 
n=220)

Total HBS-SP score 2.47±0.35 2.54±0.43 −0.802 0.423

Exercise 1.88±0.56 1.93±0.63 −0.388 0.698

Nutrition 2.50±0.44 2.57±0.51 −0.614 0.540

Low-salt diet 2.61±1.23 2.75±1.08 −0.606 0.545

Blood pressure monitoring 1.83±1.11 2.40±1.16 −2.258 0.025

Treatment compliance 3.09±0.90 3.32±0.76 −1.375 0.170

Diabetes (non-perceived 
n=10, perceived n=71)

Total HBS-SP score 2.52±0.43 2.54±0.38 −0.181 0.857

Exercise 1.74±0.50 1.87±0.60 −0.652 0.517

Low-sugar diet 3.00±1.25 2.85±1.04 0.431 0.667

Hyperlipidemia (non-
perceived n=28, perceived 
n=46)

Total HBS-SP score 2.50±0.42 2.49±0.41 0.075 0.940

Exercise 1.98±0.57 1.96±0.59 0.092 0.927

Low-lipid diet 2.14±0.85 2.13±0.98 0.056 0.956

Smoking (non-perceived 
n=22, perceived n=66)

Exercise 2.55±0.37 2.37±0.34 2.035 0.045

Smoking cessation 1.50±0.74 1.45±0.73 0.253 0.801

Alcoholism (non-perceived 
n=16, perceived n=46)

Total HBS-SP score 2.31±0.38 2.36±0.39 −0.444 0.658

Alcohol restriction 2.38±0.72 2.43±0.83 −0.255 0.799

Table 3 Lifestyles in ischemic stroke patients with H-type hypertension

Item Normal Hcy group (n=71) High Hcy group (n=243) t P

Total HBS-SP score 2.55±0.44 2.54±0.42 0.372 0.710

Exercise 1.90±0.63 1.92±0.62 −0.319 0.750

Nutrition 2.58±0.50 2.56±0.50 0.302 0.763

Low-salt diets 2.63±1.05 2.74±1.10 −0.731 0.465

Treatment compliance 3.31±0.72 3.30±0.78 0.077 0.938

Blood pressure monitoring 2.28±1.16 2.35±1.17 −0.406 0.685

Smoking cessation 3.54±1.03 3.08±1.29 2.707 0.007

Alcohol restriction 3.85±0.50 3.60±0.80 2.481 0.014

Hcy, homocysteine.
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to the proportion of 75% in the literature (17), suggesting 
that the measurement of Hcy level is essential in patients 
with stroke and hypertension. Routine Hcy measurement 
in patients with hypertension and stroke is crucial for 
secondary stroke prevention (17). Approximately 70% 
of patients with ischemic stroke have elevated blood 
pressure, and 40% of patients with ischemic stroke have 
hyperglycemia, which is associated with a poor prognosis (1).  
Among the ischemic stroke patients with H-type 
hypertension in the current study, the prevalence rates 
of diabetes and hyperlipidemia were 33.3% and 30.5%, 
respectively, which were remarkably higher than those for 
diabetes (10.9%) (18) and hyperlipidemia (19) in the general 
population. Therefore, ischemic stroke patients with 
H-type hypertension have a high risk of stroke recurrence 
and should be the top priority population for secondary 
prevention of stroke.

Perception of risk factors for recurrence in ischemic stroke 
patients with H-type hypertension

The awareness rates of the risk factors among the newly 
admitted ischemic stroke patients with hypertension prior 
to receiving health education were as follows: hypertension 
(92.0%), alcohol consumption (84.4%), hyperlipidemia 
(75.5%), previous cerebral infarction (75.5%), smoking 
(72.3%), diabetes (69.1%), old age (66.6%), family history 
of stroke (61.8%), heart disease (58.3%) and peripheral 
arterial disease (48.7%). These awareness rates were 
similar to those reported by Soomann et al. (20), but far 
higher than those described by Wang et al. (21) (obtained 
before the discharge of stroke patients) and slightly 
higher than those of Faiz et al. (22) (obtained 12 months 
after the discharge of stroke patients). Therefore, health 
education on the risk factors of stroke has been successful 
in China, which may be attributed to the strengthening of 
health education in hospitals and efficient efforts to raise 
awareness in the media, including through radio, television, 
and the Internet. Notably, in 20.9% of our ischemic stroke 
patients, hypertension was discovered after disease onset, 
which is similar to the results reported in the literature 
(20,23). Together, these findings suggest that screening for 
hypertension is critical for the primary prevention of stroke.

Risk perception, which refers to the cognitive evaluation 
of the accompanying risk factors by an individual with a 
disease, is different from risk awareness. Patients who are 
aware of a particular risk factor may not necessarily perceive 

it as a risk factor for their own disease. Many studies have 
been conducted on the rate of risk awareness in stroke 
patients; however, few studies have investigated whether 
stroke patients perceive their accompanying risk factors to 
be risk factors for stroke recurrence. In our current study, 
ischemic stroke patients with H-type hypertension had a 
perception rate of 63.6–90.5% for their existing risk factors, 
which showed no statistical difference from the rate in the 
normal Hcy group. This suggests that the perception of risk 
factors in ischemic stroke patients with H-type hypertension 
needs to be improved.

Lifestyle in ischemic stroke patients with H-type 
hypertension

Stroke can be prevented through a healthy lifestyle (24). 
However, stroke patients often have unhealthy lifestyle 
habits (8,25). In our current study, the total score of 
the lifestyle of ischemic stroke patients with H-type 
hypertension was (2.54±0.42) points; however, the exercise 
dimension had the lowest score, ranging between “never” 
and “sometimes”, which was consistent with the literature 
(8,26,27). An appropriate amount of exercise can reduce the 
risk of stroke (28). The smoking rate in our high Hcy group 
was 36.2%, which was higher than that (19.7%) in the 
normal Hcy group (P<0.05) and higher than those (23–24%)  
reported in stroke patients in international studies (20,29). 
The alcohol consumption rate in our high Hcy group was 
25.5%, which was significantly higher than that (11.3%) 
in the normal Hcy group (P<0.05), close to those (27%) 
reported in stroke patients in international studies (20,29), 
and lower than those (30.11–42.11%) in ischemic stroke 
patients in a Chinese study (30). The risk of stroke is 
almost doubled by smoking, and it can also be increased 
by excessive drinking (28). Therefore, health education 
on smoking cessation and alcohol restriction must be 
strengthened for ischemic stroke patients with H-type 
hypertension.

The relationship between risk perception and lifestyle in 
ischemic stroke patients with H-type hypertension

Disease perception is a patient’s cognitive evaluation of a 
specific disease from which they suffer, and it can affect the 
patient’s adherence to treatment and lifestyle behaviors (10). 
Correct evaluation of the accompanying risk factors as the 
risk factors of the disease can help to improve the patient’s 
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risk awareness and thus motivate them to actively cooperate 
with efforts to control such risk factors (10). In our current 
study, the perceived group had a superior lifestyle than 
the non-perceived group; however, the only significant 
difference between the groups was found in compliance 
with blood pressure monitoring (P<0.05). Thus, patients in 
perceived group have improved their lifestyles to a certain 
extent through the perception of risk factors, although 
further improvements still need to be made. However, the 
lifestyles of subjects who perceived diabetes, hyperlipidemia, 
smoking, and alcohol consumption to be risk factors did not 
differ significantly from those of patients in the unperceived 
group.

For patients with high Hcy level, healthy lifestyles are 
vital for controlling hypertension. In the current study, 
the proportion of patients with abnormal blood pressure 
was higher in the high Hcy group than in the normal 
Hcy group, which might be explained by a lower level 
of risk awareness. Possible explanations for this are as 
follows: (I) although Hcy is routinely measured in the 
neurology departments in almost all hospitals, the majority 
of patients neither understand nor care about the result 
of Hcy measurement; (II) awareness of this indicator 
is also low among medical staff and, consequently, its 
clinical significance is generally not explained to patients. 
Therefore, the lifestyle behaviors of ischemic stroke patients 
with H-type hypertension need to be improved. Although 
risk perception has not yet been shown to exert a significant 
impact on lifestyle. Health education strategies should focus 
more on the risk factors of stroke to improve patients’ risk 
perception. Finally, multidisciplinary management should 
be adopted to improve patients’ lifestyles and thus prevent 
stroke recurrence.
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