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Background: Stroke is the leading cause of morbidity and mortality in China. Recurrent 
stroke (RS) could occur in a significant portion of patients with ischemic stroke with 
devastating consequence.
Methods: To investigate the association between lifestyle and the risk of RS in Chinese 
patients with acute large-vessel ischemic stroke (ALVIS). A total of 258 patients with ALVIS 
were recruited in the study (median age 63 years, 30.6% female), and followed for a median 
of 366 days. The primary outcomes were first RS. Cox Regression and Akaike information 
criterion were used to establish the best-fit nomograms.
Results: During follow-up, 38 of 258 (14.7%) participants had the primary endpoint event. 
After adjusting for confounding factors in multivariate Cox regression analysis, healthy 
lifestyles, including bland diet (hazard ratio [HR], 0.365; 95% CI, 0.138–0.965), daily fruit 
consumption (HR, 0.474; 95% CI, 0.238–0.945), good sleep (HR, 0.364; 95% CI, 0.180–-
0.739), housework: HR (0.461; 95% CI, 0.200–1.065), and HDL (HR, 0.329; 95% CI, 
0.130–0.831) were associated with significantly decreased risk for RS after ALVIS, while 
smoking was associated with a substantial increase in RS risk (HR, 2.590; 95% CI, 1.340–-
5.005) and included into the nomogram. A weighted point (from 0 to 100) was given to each 
risk factor, and the total points could be used to predict the probability of RS for the patient.
Conclusion: The nomogram shows that healthy lifestyles (bland diet, daily fruit consump-
tion, good sleep, cigarette cessation, and housework) were important for reducing RS in 
patients with ALVIS.
Keywords: recurrent event, lifestyle, ischemic stroke, stroke, nomogram

Introduction
Acute ischemic stroke (AIS) is the leading cause of adult morbidity and mortality in 
developing countries.1 Patients with ischemic stroke have a poor prognosis and a high 
risk of recurrent stroke (RS).2,3 RS was defined as a new neurologic deficit lasting at 
least 24 hours after the initial stroke, without signs of increased intracranial pressure or 
hemorrhagic transformation, was associated with a new ischemic lesion on brain 
imaging.4 Compared with other stroke subtypes, acute large-vessel ischemic stroke 
(ALVIS) is associated with a high risk of RS despite optimal medical treatment.5,6 

Clinically, patients with RS usually suffer more neurological damages, and more 
challenging to treatment, thus a higher mortality rate than those with only the initial 
event. Therefore, it is critically important to take proactive measures to prevent RS for 
patients with ALVIS in addition to standard treatments for optimal outcomes.

Over 90% of ischemic strokes could be associated with modifiable risk factors 
and poor lifestyles.7,8 Epidemiological studies have shown that a variety of factors 
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are associated with RS, including hypertension, diabetes, 
hyperlipidemia, and coronary heart disease, after the initial 
ischemic stroke. However, the impact of physical activity 
and lifestyle modification on secondary prevention of 
stroke has not been well studied in the stroke prevention 
trial, although lifestyle modification has been documented 
to be associated with decreased risk of stroke as the initial 
event in patients with cerebral atherosclerosis.9 Lifestyle 
modifications could be easily achieved without adverse 
effects or additional cost. Among the recommended life-
style modifications, healthy diet, losing weight, quitting 
smoking, and regular physical activity are the most com-
mon and well-received items.10

However, there is very limited data on the impact of 
lifestyle modifications on reducing the risk of RS after 
ALVIS. It is known that ALVIS is an important cause of 
ischemic stroke with significant brain damages, high recur-
rence rate, and poor outcome, which is usually worse than 
other forms of stroke.11–14 Recently, we reported that life-
style modification could significantly reduce the risk of RS 
for patients with all forms of ischemic stroke. It is known that 
stroke is not one pathological condition, but a highly hetero-
geneous disorder. The most important etiologies of ischemic 
stroke are larger-artery atherosclerosis (LAA), intracranial 
small-artery disease, and cardioembolism. Less common 
causes of stroke include cerebral vasculitis, coagulopathies, 
and hematologic disorders. Still, a significant portion of 
ischemic stroke cases remains etiologically undefined. 
Different subtypes of ischemic stroke may have different 
risk factors, clinical features, and prognoses. Our previous 
study was designed to investigate the effect of lifestyle fac-
tors on risk reduction for patients with all forms of acute 
ischemic stroke. The present study was to focus on defining 
the effect of lifestyle modification on RS risk for the patients 
with ALVIS since these patients are associated with a much 
higher risk of RS.

Lifestyle is very diverse and complex, and everyone has 
a different lifestyle with a wide range of variables. 
Nomograms are visualized graphical representations of statis-
tical prediction models to calculate the numerical probability 
of an endpoint event. These models have been successfully 
applied to the studies on malignant tumors.15,16 Using the 
established prognostic variables, nomograms are able to gen-
erate individualized predictive values that could be used to 
optimize patient management including counseling and risk 
stratification. To our knowledge, predictive nomograms for 
the evaluation on RS risk in patients with ALVIS have not 
been well established. In the present study, we developed 

a simple and clinically relevant nomogram to predict the 
relationship between lifestyle and RS in patients with ALVIS.

Methods
All procedures performed in the present study in human 
participants were in accordance with the 1964 Helsinki 
declaration and its later amendments, and in line with the 
local and national ethical standards. The study protocol was 
reviewed and approved by the Clinical Research Ethics 
Committee of the Guangdong Second Provincial General 
Hospital, Guangzhou, Guangdong, China. Written informed 
consent was obtained from all subjects prior to their 
participation.

Patient Population
All consecutive patients with first AIS (within 7 days of 
symptom onset) who were hospitalized from 
November 2012 to January 2014 at the Guangdong Second 
Provincial General Hospital, Guangzhou, Guangdong, 
China, a large teaching hospital that provides comprehensive 
cares including neurological care to more than 1 million 
population in Southern China, were recruited to this study. 
The classification of AIS was determined based on the cri-
teria of Trial of Org 10,172 in Acute Stroke Treatment 
(TOAST) as described.17 Only the patients with ALVIS 
were included in the present study. The exclusion criteria 
were as follows: 1) cerebral hemorrhage confirmed by com-
puted tomography (CT) or magnetic resonance imaging 
(MRI); 2) within thrombolytic time window (within 4.5 
h); 3) significant liver, heart, or kidney failure; 4) any form 
of malignance; 5) previous ischemic stroke prior to the 
current hospitalization; 6) severe mental illness or demen-
tia; 7) history of carotid stenting or carotid endarterectomy; 8) 
Lacunar cerebral infarction; and 9) cerebral infarction with 
probable cardiac source of embolism (Figure 1). Since 
ischemic stroke patients with severe initial disability have 
a tendency to visit hospitals early with poor long-term out-
come that could prevent follow up,18–23 patients with severe 
initial disability were also excluded from the study.

Clinical Assessment
All patients underwent neurological function examination, 
biochemical tests, electrocardiogram, cervical vascular color 
ultrasound, cardiac color ultrasound, and brain and carotid 
artery MR imaging examination. The neurological status for 
the patients at admission was determined using the National 
Institute of Health Stroke Scale (NIHSS; higher scores indi-
cate greater severity). Peripheral blood samples were collected 
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from each subject after approximately 10 hours of fasting for 
biochemical analysis. In addition, the diagnostic imaging 
examinations were completed within 72 hours of admission. 
Patient data, including demographic data, stroke risk factors 
(such as hyperlipidemia, diabetes, hypertension, and history of 
ischemic heart disease), and information on medications, life-
style, and dietary preferences were collected from medical 
records and during follow-up visits.24 Body Mass Index 
(BMI) was calculated by height and weight assessment. 
Fasting blood pressure was measured in the morning after 
waking up, the average of the three measurements with the 
interval of 2 min between two blood pressure measurements 
was used for analysis. Blood pressure grading was as: 0 point 
for <140 mm Hg systolic or <90 mm Hg diastolic; 1 point 

indicates 140–159 mm Hg systolic or 90–99 mm Hg diastolic; 
2 for 160–179 mm Hg systolic or 100–109 mm Hg diastolic; 3 
for ≥180 mm Hg systolic or ≥110 mm Hg diastolic. Self- 
reported education level (college or above, secondary, primary, 
no education) was obtained. The culprit vessels for AIS were 
divided into anterior circulation, posterior circulation, both 
anterior circulation and posterior circulation.

Definitions of RS and Lifestyle
RS was defined as a new neurologic deficit lasting for at least 
24 hours after the initial stroke and was confirmed by CT/MR 
and could not be attributed to edema, mass effect, or hemor-
rhagic transformation. Follow-up was conducted by trained 
interviewers via telephone at 1,3,6, and 12 months, and 

Figure 1 Flow chart for the patient-selection criteria.
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annually thereafter. Data on RS (including recurrent cerebral 
infarction and cerebral hemorrhage) were obtained from 
patients and caregivers during the follow-up.

Healthy lifestyle was defined as described in detail 
previously,25 and briefly stated as following: 1) Bland diet: 
light, not salty, not spicy, non-greasy food. 2) Daily consump-
tion of fresh fruit: consumption of unprocessed fruit, excluding 
frozen, dried, canned fruit or fruit juice. 3) Good sleep: 
absence of sleep abnormalities (including taking longer than 
30 min to fall asleep, or frequent interruptions of sleep at night, 
or earlier wake up than usual) in a few nights per week.26 All 
patients were asked to record their daily sleep pattern and 
quality during the period of follow-up, included lights-out 
time, time from light off to sleep (less or more than 
half hour), number of nighttime awakenings, and number of 
awakenings after falling asleep, and feeling of freshness in the 
morning (yes or no). The data on self-reported sleep quality 
were collected at each follow-up visit for the period from prior 
visit. 4) Housework: daily household activities (such as house 
cleaning, dish washing, self-cooking, and ironing) for at least 
three hours a day for most of the week as described.27 5) 
Physical activity: aerobic exercise for more than 30 minutes 
at least twice a week as described.28 During the follow-up, 
information on lifestyle was regularly obtained from patients 
as well as relatives or caregivers. 5) Smoking was defined as 
current smokers or quitting smoking within last 5 years. 
And, 7) drinking: subjects who drank more than five times 
per week were defined as having a drinking habit.

Statistical Analysis
The normality of each continuous variable was tested by 
using Kolmogorov–Smirnov Z-test. Continuous variables 
were presented as mean ± standard deviation (SD) or median 
(interquartile distance). Qualitative variables were expressed 
as absolute frequencies and percentages. Forward elimina-
tion Cox proportional hazards regression models were used 
to calculate adjusted relative risks for RS at 1 year, in which 
we included the potential confounding factors associated 
with P<0.15 in the univariate analyses. A Cox regression of 
the log hazard ratio on a covariate with a standard deviation 
of 0.643 based on a sample of 258 observations achieved 
81% power at a 0.05 significance level to detect a regression 
coefficient equal to −0.75. A multiple regression of the vari-
able of interest on the other covariates in the Cox regression 
was expected to have an R-Squared of 0.11 for an anticipated 
event rate of 0.15. Participants who did not have the endpoint 
events were censored on the last visit or at end of the study. 
Hazard ratios (HR) and 95% confidence intervals (CI) were 

calculated for each risk factor, and the nomograms were built 
with potential risk factors. The performance of the nomo-
gram was assessed by Harrell’s concordance index 
(C-index). Both discrimination and calibration were evalu-
ated on the original study cohort using bootstrapping with 
1000 resamples. Statistical analyses were performed with 
SPSS version 25.0 (IBM, New York, NY, USA) and 
R statistical software (R, version 3.5.1; R Project). Two- 
sided P values <0.05 were considered statistically significant.

Results
The demographic data and clinical characteristics of the 
subjects are shown in Table 1. A total of 258 patients (median 
age of 63 years, 30.6% female) with ALVIS were included in 
the study and followed up for a median of 366 days (inter-
quartile range: 363–367 days). A total of 38 patients (14.7%) 
had the primary endpoint event of RS during 1 year of 
follow-up. Based on the study sample size of 258, 
a statistical power of 81% was achieved at the significance 
level of 0.05. Overall, 94.2% of patients had ≥1 stroke risk 
factors including hypertension, dyslipidemia, diabetes, 
smoking, drinking, and previous ischemic heart disease. 
The common risk factors were: hypertension (70.9% of the 
study population, 95% CI 65.1–76.1%) and dyslipidemia 
(43.4%, 95% CI 37.5–49.5%), diabetes (43.0%, 95% CI 
37.1–49.1%), smoking (31.4%, 95% CI 26.0–37.3%), drink-
ing (7.0%, 95% CI 4.5–10.8%), and previous ischemic heart 
disease (4.7%, 95% CI 2.7–8.0%). The percentages of sub-
jects with 1, 2, 3, and ≥4 risk factors were 26.4% (95% CI 
21.4–32.1%), 35.7% (95% CI 30.1–41.7%), 27.1% (95% CI 
22.1–32.9%), and 5.0% (95% CI 3.0–8.4%), respectively. 
Although the percentage of women in the present study 
was relatively low, there was no sex difference between 
stroke recurrence and non-recurrence groups (Table 1).

Outcome Events by Dietary Preferences
Univariate cox analysis showed a significant reduction in 
the rate of RS during follow-up in the patients on a bland 
diet compared with those on a non-bland diet (86.8 versus 
96.8 per 100 patient-years, respectively, HR, 0.286; 95% 
CI, 0.112–0.734, P=0.009; Table 1). Subjects with daily 
fruit consumption also had significantly lower risk for RS 
than those without (36.8 per 100 patient-years versus 57.7, 
respectively, HR, 0.467; 95% CI, 0.241–0.902; P value 
0.023). Multivariate Cox regression analyses demonstrated 
that a bland diet or daily fruit consumption significantly 
reduced the risk of RS by 63.5% and 52.6%, respectively 
(adjusted HR: 0.365, 95% CI: 0.138–0.965, P=0.042; 
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Table 1 Comparison of Demographic and Therapeutic Characteristics of the Two Study Groups (Recurrent Stroke or Not)

Parameters Recurrent Stroke Unadjusted HR P value

Yes (n=38 [14.7%]) No (n=220 [85.3%])

Demographics

Female, n (%) 10 (26.3) 69 (31.4) 0.801 (0.389–1.650) 0.548
Education level, n (%) 0.858 (0.608–1.212) 0.386

College or above 1 (2.6) 13 (5.9)

Secondary 7 (18.4) 51 (23.2)
Primary 15 (39.5) 70 (31.8)

No education 15 (39.5) 86 (39.1)

Living alone, n (%) 1 (2.6) 2 (0.9) 2.985 (0.409–21.763) 0.281
BMI, median (IQR) 22.49 (21.48–23.88) 23.15 (22.03–24.97) 0.874 (0.755–1.012) 0.072

Dietary preferences, n (%)
Sweet 1 (2.6) 2 (0.9) 3.092 (0.424–22.544) 0.265

Salty 5 (13.2) 7 (3.2) 3.198 (1.248–8.197) 0.015

Bland 33 (86.8) 213 (96.8) 0.286 (0.112–0.734) 0.009
Greasy 0 (0) 2 (0.9) 0.049 (0–364,198.870) 0.709

Daily fruit consumption (yes) 14 (36.8) 127 (57.7) 0.467 (0.241–0.902) 0.023

Age, median (IQR), years 63 (50.5–69.0) 64 (55.0–72.0) 0.987 (0.961–1.013) 0.317

Medical history

Hypertension, n (%) 28 (73.7) 155 (70.5) 1.152 (0.560–2.372) 0.700
Diabetes mellitus, n (%) 19 (50.0) 92 (41.8) 1.349 (0.714–2.549) 0.356

History of dyslipidemia, n (%) 16 (42.1) 96 (43.6) 0.928 (0.487–1.767) 0.820
IHD, n (%) 4 (10.5) 8 (3.6) 2.544 (0.903–7.172) 0.077

Smoking, n (%) 18 (47.4) 63 (28.6) 2.031 (1.075–3.841) 0.029

Drinking, n (%) 5 (13.2) 13 (5.9) 2.090 (0.816–5.356) 0.125

Medications

Antiplatelet, n (%) 34 (89.5) 194 (88.2) 1.148 (0.407–3.236) 0.794
Antihypertensive, n (%) 27 (71.1%) 148 (67.3) 1.179 (0.585–2.377) 0.645

Cholesterol-Reducer, n (%) 35 (92.1) 193 (87.7) 1.582 (0.486–5.142) 0.446

Diabetic medication, n (%) 17 (44.7) 86 (39.1) 1.233 (0.650–2.337) 0.521

Laboratory measures

Hemoglobin A1C, mmol/L 6.60 (5.68–8.60) 6.20 (5.80–7.50) 1.154 (0.991–1.344) 0.065
TG, median (IQR), mmol/L 1.55 (1.08–2.00) 1.40 (1.08–2.00) 0.980 (0.747–1.284) 0.882

TC, median (IQR), mmol/L 4.23±1.13 4.76±1.42 0.773 (0.608–0.984) 0.037

HDL, median (IQR), mmol/L 0.90 (0.80–1.10) 1.10 (0.90–1.30) 0.260 (0.087–0.780) 0.016
LDL, mmol/L 2.65 (2.00–3.20) 2.90 (2.20–3.70) 0.721 (0.515–1.009) 0.056

HCY, median (IQR), μmol/L 15.50 (13.00–18.75) 15.00 (12.60–19.10) 1.010 (0.963–1.060) 0.679

Clinical characteristics

Injured vessel, n (%) 0.846 (0.435–1.645) 0.622

Anterior circulation 30 (78.9) 174 (79.1)
Posterior circulation 8 (21.1) 36 (16.4)

Both anterior and posterior cerebral circulation 0 (0) 10 (4.5)

CAB, n (%)11 0.649 (0.307–1.371) 0.258

<50% stenosis 12 (31.6) 124 (56.4)

50–99% stenosis 17 (44.7) 61 (27.7)
Occlusion 9 (23.7) 35 (15.9)

(Continued)
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adjusted HR: 0.474, 95% CI: 0.238–0.945, P=0.034; 
respectively) as shown in Figures 2–4.

Of note, the variable housework was included in the 
model since forward elimination Cox proportional hazards 
regression models were used to calculate adjusted relative 
risks for RS at 1 year, where the potential confounding 
factors with P<0.15 in the univariate analyses were 
included. Although housework was not statistically signif-
icant, it was a variable in the final equation.

Good Sleep, Active Lifestyle and Smoking 
Cessation Significantly Decreased the 
Risk for RS
The rate of RS during follow-up was significantly lower in 
patients with good sleep than those with poor sleep (65.8 
and 84.5 per 100 patient-years versus, respectively, HR, 
0.396; 95% CI, 0.202–0.774, P=0.007). Patients with 
daily housework also had a significant reduction in the 
rate of RS compared with those without by almost 50% 
(18.7 per 100 patient-years versus 35.9, respectively, HR, 
0.422; 95% CI, 0.186–0.958; P value 0.039). When com-
pared with patients without RS, those with RS were more 
likely to be a smoker (47.4 versus 28.6%, HR, 2.031; 95% 
CI, 1.075–3.841; P=0.029). After adjustment for covari-
ates (physical exercise, TC, LDL, hemoglobin A1C, 
drinking, ischemic heart disease, BMI), smoking was 
associated with a significantly increased risk of RS for 
patients after ALVIS (HR, 2.590; 95% CI, 1.340–5.005; 
P=0.005). Conversely, the risk of RS was significantly 
reduced for the patients with good sleep (HR, 0.364; 

95% CI, 0.180–0.739; P=0.005) and patients doing house-
work (HR, 0.461; 95% CI, 0.200–1.065; P=0.070) 
(Figures 2–4).

Decreased Level of High-Density 
Lipoprotein (HDL) Was Associated with 
Increased Risks of RS
Multivariate Cox regression analyses showed decreased level 
of high-density lipoprotein (HDL) was significantly asso-
ciated with increased risks of RS after adjusting for multiple 
factors (HR, 0.329; 95% CI, 0.130–0.831; P=0.019).

Prediction Performance of the 
Nomogram for RS
To develop a quantitative model to predict the probability of 
RS, we constructed a nomogram that integrated both the 
HDL and lifestyles using the data on the study patients. 
Multivariate COX hazard regression analyses showed that 
daily fruit consumption, good sleep, bland diet, housework, 
smoking, and HDL were independent predictors for RS. 
A weighted point (from 0 to 100) was given to each risk 
factor, and the total points from all risk factors for each 
patient could be used to predict the probability of RS-free 
for the patient (the lower the total points, the less the risk for 
RS) as shown in Figure 4A and B. For example, a patient 
with an HDL level of 1.84 mmol/L, daily fruit consumption, 
no housework, poor sleep, blank diet, and smoking had 
a total point of 174.5 (45 points for HDL, 0 point for daily 
fruit consumption, 27 points for housework, 35.5 points for 

Table 1 (Continued). 

Parameters Recurrent Stroke Unadjusted HR P value

Yes (n=38 [14.7%]) No (n=220 [85.3%])

Blood pressure classification, n (%) 1.136 (0.875–1.475) 0.338

Normal 10 (26.3) 77 (35.0)

Grade 1 4 (10.5) 17 (7.7)

Grade 2 10 (26.3) 59 (26.8)

Grade 3 14 (36.8) 67 (30.5)

Sleep well, n (%) 25 (65.8) 186 (84.5) 0.396 (0.202–0.774) 0.007

Admission NIH Stroke Scale, median (IQR) 3 (2–8) 4 (2–7) 0.988 (0.897–1.089) 0.814

Physical exercise, n (%) 21 (55.3) 153 (69.5) 0.562 (0.297–1.066) 0.078

Housework, n (%) 7 (18.4) 79 (35.9) 0.422 (0.186–0.958) 0.039

Abbreviations: BMI, body mass index; CAB, cerebral atherosclerosis burden; HCY, homocysteine; HDL, high-density lipoprotein; HR, hazard ratio; IHD, ischemic heart 
disease; IQR, interquartile range; LDL, low-density lipoprotein; TC, total cholesterol; TG, triglyceride.
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good sleep, 35.5 points for bland diet,31.5 points for smok-
ing). The predicted 1-year RS is 40% (1–60.0%) for this 
patient. The concordance index of the model was 0.746 
(95% CI 0.675–0.817) with P value of less than 0.001 
(Figure 4C).

The patients could be classified into high-risk group and 
low-risk group according to the patients’ linear predictor 
values as shown in Figure 2B. The cutoff values were about 

118 points according to the nomogram (Figure 4A). Based 
on the total risk score, the corresponding values could be 
found from the chart that exhibited the predictive values in 
numerical scale (Linear Predictor).

Discussion
It is known that patients with large artery cerebrovascular 
disease have a high risk of early recurrent stroke. Previous 

Figure 2 (A). Forest plots of all vascular events by predefined subgroups. Bars represented the relative risk with the 95% CI. P values of the interaction tests were also 
included. (B–D). Risk scored graph. As expected, high-risk patients had higher stroke recurrence rates and a shorter period of time to develop a stroke recurrence (B and 
C). In panel (D), the horizontal color bar was colored based on risk groups, corresponding to panel (B). Daily fruit consumption, good sleep, housework, blank diet and 
HDL were negatively associated with the risk of stroke recurrence (B and D), while smoking significantly increased the risk for stroke recurrence. 
Abbreviation: HDL, high-density lipoprotein.
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studies have suggested that patients with large artery ather-
osclerosis could have the highest risk of recurrent stroke 
within 3 months (19.2–19.7%).12,29 The recurrence rate of 
stroke during one year follow-up was 14.7% in the present 
study, which was similar to the findings from these studies. 
Thus, it is critical to develop an effective strategy to 

reduce RS risk for patients with large artery stroke like 
ALVIS. To the best of our knowledge, few studies have 
reported the association between lifestyle and the risk of 
RS in Chinese patients with ALVIS. The major findings of 
the present study were: 1) significantly higher RS risk 
among stroke patients with ALVIS was associated with 

Figure 3 Analyses on RS-free survival for 5 subgroup patients. Kaplan-Meier estimates of cumulative recurrence-free rates of stroke were determined according to daily 
fruit consumption (A, Left), housework (A, Right), good sleep (B, Left), blank diet (B, Right), and smoking (C) after adjustment for confounding variables. The one-year 
recurrence-free survival was significantly higher in the non-smoking group of ALVIS patients than that in the smoking group (C). 
Abbreviation: RS, recurrent stroke.
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Figure 4 (A) Nomogram for predicting RS. A weighted point (from 0 to 100) was given to each risk factor that could be found in the line marked with “Points” on the top. The total 
points of all risk factors of each patient could be used to predict the probability of RS-free for the patient by drawing a vertical line from the total points x-axis to the probability (the 
higher the total points, the less the probability for RS-free). The scores for daily fruit consumption, housework, HDL, good sleep, light diet and smoking could be obtained individually by 
drawing a line from the corresponding value up to the “points line”. The “total points” was calculated as the sum of the individual scores of each of the six variables included in the 
nomogram. (B) Calibration curves of the nomogram to predict RS-free at 1 year. The actual RS-fee rate for patients was plotted on the y-axis, and nomogram predicted probability for 
the same patients was plotted on the x-axis. There was a nice match between the actual RS-free rate and the predicted probability. 
Abbreviations: HDL, high-density lipoprotein; RS, recurrent stroke.
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unhealthy lifestyle (poor sleep, smoking, salty diet, no 
daily fruit consumption, or little housework), and 2) 
admission HDL level independently predicted RS in the 
patients with ALVIS.

Abundant consumption of fruits, vegetables, folate, fiber, 
seaweed, and dairy products have been shown to reduce the 
risk of stroke.30 On the other hand, the amount of meat, 
particularly processed meat, sugary drinks, and high-salt 
intake are associated with increased risk for stroke.31 

A previous study revealed that healthy diet with high intake 
of fruits, vegetables and cereal fiber, low intake of salt and 
trans fats were associated with reduced stroke risk in men, but 
not in women.32 The end-point events in this study were stroke 
of all causes (including ischemic, hemorrhagic, and unknown 
etiology) without adequate power to assess the impact of diet 
on the risk for stroke related to large arteries. Thus, the present 
study was focused on the stroke patients with ALVIS, and 
demonstrated that healthy lifestyle significantly decreased the 
risk for RS for this patient population. This finding is impor-
tant since ALVIS represents 20–68% of all ischemic stroke, 
and is associated with substantial disability and mortality.33–36 

Effective prevention of RS for patients with ALVIS could 
significantly improve the clinical outcome for these patients. 
The beneficial effect of healthy diet on the recurrence of stroke 
could be related to high levels of folate, flavonoids (primarily 
from citrus fruits), and other antioxidants in fruits.37–39 

Although the exact mechanism for the association between 
salt intake and stroke is unclear, it might be very likely due to 
blood pressure regulation, arterial thickness and stiffness as 
well as platelet reactivity.40

One of the interesting findings in the present study was 
that high quality of sleep was associated with significant 
risk reduction for RS after ALVIS in Chinese population. 
It is known that poor sleep is often related to sleep dis-
orders, such as obstructive sleep apnea syndrome 
(OSAS)41 and hypertension,42 thus leading to increased 
risk for stroke and RS.43,44 Intermittent hypoxia in OSAS 
patients may increase the levels of oxidative stress and 
inflammatory cytokines, leading to endothelial cell dys-
function, arteriosclerosis, and subsequent stroke.45,46 

Previous studies have shown that both short and long 
sleep duration are predictors of ischemic stroke.47,48 

Inadequate sleep could also impair insulin sensitivity, 
increase sympathetic nervous system and cortisol levels, 
and alter inflammatory cytokines.49 Further studies (both 
clinical and translational) are needed to investigate the 
mechanism(s) for the beneficial effect of high-quality 
sleep on stroke recurrence.

Levels of physical activities are an important measure of 
functional status especially for the elderly or stroke patients. 
Since household activities account for a significant portion of 
total activity in the elderly, and sports and occupational activ-
ities usually decrease with age, household activities appear to 
be the major determinants of non-exercise activity thermogen-
esis. Indeed, elderly males involved in heavy household chores 
could consume more calories than those who do not and are 
strongly associated with better health.50 Study also showed 
that, compared with the reference groups for specific physical 
activities (up to 1 hour per week walking; 0 hours per week 
gardening or cycling, and up to 3 hours per week doing 
housework), women reporting longer durations of these activ-
ities tended to have a lower risk of cerebrovascular disease.51 

Therefore, the post-stroke patients should be encouraged to 
perform more household chores whenever possible.

The data from the present study also demonstrated that 
other well-known factors for cardiovascular health and 
stroke including physical activities (including housework), 
status of smoking, and serum lipid levels (HDL level) were 
associated with the risk for RS.51,52 A number of studies 
have confirmed that smoking and passive smoking are 
important risk factors for AIS. However, there has been 
little data on the association between smoking and RS. 
The present study showed that the risk of RS in smokers 
was 2.6 times that of non-smokers. Smoking could result in 
a significant increase in heart rate, arterial stiffness, and 
blood pressure, especially for those with hypertension.53 

On the other hand, smoking cessation could decrease the 
risk for RS.54 Chronic smokers who quit smoking experi-
enced a significant decrease in blood pressure, heart rate, 
and arterial stiffness55 and increase in HDL.56

Dyslipidemia is a major risk factor for RS. Higher serum 
total cholesterol and LDL were associated with increased risk 
for RS in Caucasian patients with ALVIS.57 However, the 
impact of HDL on the risk for RS has not been well studied, 
and some clinical studies have shown that the relationship 
between HDL and adverse cardiovascular events has been 
controversial.58 In the present study, we observed that HDL 
was negatively correlated with RS risk in patients with ALVIS 
after adjustment for the confounding factors. HDL is known to 
be negatively associated with atherosclerosis. Studies have 
shown that between 39.4 and 68.0% ischemic stroke in 
Chinese population are due to large artery 
atherosclerosis.34–36 We observed that large artery athero-
sclerosis comprised 61% (258/421) of all ischemic stroke in 
the patient cohort in the present study. Thus, it is not surprising 
that adequate HDL levels are associated with decreased risk 
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for RS in patients with ALVIS. The protective nature of HDL 
against risk for RS is possibly a combination of multiple 
beneficial effects HDL on cholesterol transportation for hepa-
tic excretion,59 endothelial function,60 atherosclerosis,61 and 
oxidative stress and inflammation.62,63

Lifestyle is very diverse and complex, and everyone has 
a different lifestyle with a wide range of variables. Thus, we 
used a point system to include all the variables to predict the 
risk for RS for the patients with ALVIS. With this point 
system, the total score could be used to predict the probability 
of having a RS after the initial stroke, and to develop an 
individualized care plan for the patients to minimize the risk 
of RS. The data from the present study suggested that the 
point system could predict the risk of RS for the patients with 
ALVIS. However, a large clinical study is needed to verify 
the predictive value on risk reduction of RS.

The main strengths of the present study include its 
prospective design, the detailed lifestyle variables, and 
the complete follow-up of the subjects in the cohort. 
There were limitations in the present study, including: 1) 
this was a hospital-based follow-up study, and all patients 
were recruited from one hospital, thus with limited repre-
sentation on patient population; 2) The estimates of poten-
tially preventable RS should be viewed as conservative in 
light of substantial differences in dietary preferences in 
different regions; 3) The present study was based on self- 
reported data on lifestyle factors, thus subject to inevitable 
variations on subjective perception. For example, the defi-
nition of a bland diet was also based on self-report from 
patients and caregivers without quantitative criteria like 
a detailed calculation of daily salt intake. The use of 
prospectively collected data and cumulative averages 
based on repeated evaluations would reduce the impact 
of random measurement errors. 4) We only analyzed the 
NIHSS score at admission and mRS during follow-up, but 
not the NIHSS score at discharge with no data on the 
difference between the NIHSS score at admission and 
discharge, which needs further exploration. 5) 
A multicenter validation study is needed to confirm the 
predictive values of the nomogram. And 6) the patients in 
the present study were predominantly males. Future stu-
dies are needed to determine if there is a sex difference in 
the effect of lifestyle on RS risk for patients with ALVIS.

Conclusion
The present study demonstrated healthy lifestyle, includ-
ing healthy diet, good sleep, physical activities, and smok-
ing cessation, plays an important role in preventing RS in 

patients with ALVIS. The nomogram based on lifestyle 
could be used to predict the probability of RS for patients 
and to develop an individualized care plan to achieve 
optimal outcome for patients with ALVIS by minimizing 
the risk of RS.
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